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Chapter 1

Need for Radio-Holograph y GMR T

Dishes

1.1 Ov erview of GMR T

The Gian t MeterW a v e Radio T elescop e(GMR T) is one of the largest Radio

T elescop es in the w orld. GMR T is a unique facilit y for radio astronomical

researc h using the metrew a v elengths range of the radio sp ectrum,op erating

in the frequency range of ab out 50 to 1500 MHz . It is lo cated at a site

ab out 80 km north of Pune. GMR T consists of 30 fully steerable gigan tic

parab olic dishes of 45m diameter eac h spread o v er distances of upto 25 km.The

n um b er and con�guration of the dishes w as optimized to meet the principal

astroph ysical ob jectiv es whic h require sensitivit y at high angular resolution as

w ell as abilit y to image radio emission from di�use extended regions. F ourteen

of the thirt y dishes are lo cated more or less randomly in a compact cen tral

arra y in a region of ab out 1 sq km. The remaining sixteen dishes are spread

out along the 3 arms of an appro ximately `Y'-shap ed con�guration o v er a m uc h

larger region, with the longest in terferometric baseline of ab out 25 km.

1.2 Design of GMR T Dishes

The construction of 30 large dishes at a relativ ely small cost has b een p ossible

due to an imp ortan t tec hnological breakthrough ac hiev ed b y Indian Scien tists

and Engineers in the design of ligh t-w eigh t, lo w-cost dishes. The design is based

on what is b eing called the `SMAR T' concept - for Stretc h Mesh A ttac hed to

Rop e T russes. The dish has b een made ligh t-w eigh t and of lo w solidit y b y

replacing the con v en tional bac k-up structure b y a series of rop e trusses (made

of thin stainless steel wire rop es) stretc hed b et w een 16 parab olic frames made

of tubular steel. The wire rop es are tensioned suitably to mak e a mosaic of

plane facets appro ximating a parab olic surface. A ligh t-w eigh t thin wire mesh

(made of 0.55 mm diameter stainless steel wire) with a grid size v arying from

10 X 10 mm in the cen tral part of the dish to 20 X 20 mm in the outer

parts, stretc hed o v er the rop e truss facets forms the re
ecting surface of the

dish. The lo w-solidit y design cuts do wn the wind forces b y a large factor and is
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Figure 1.1: Con�guration of GMR T An tennas in the 'Y' shap e
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particularly suited to Indian conditions where there is no sno wfall in the plains.

The o v erall windforces and the resulting torques for a 45-m GMR T dish are

similar to those for only a 22-m dish of con v en tional design, th us resulting

in substan tial sa vings in cost. The dish is connected to a `cradle' whic h is

supp orted b y t w o elev ation b earings on a y ok e placed on a 3.6 m diameter

slewing-ring b earing secured on the top of a 15 metre high concrete to w er.

The w eigh t of the disk is ab out 80 tonnes and the coun ter-w eigh t is ab out 40

tonnes. The dishes ha v e alt-azim uth moun t.

1.3 Nomenclature of the An tennas

The an tennas at GMR T has b een named in order to facilitate the observ ation

and data analysis pro cedure. The 'Y' shap ed arra y has b een formed with 14

an tennas near the cen tral region (named Cen tral Square) and the remaining

16 are divided in to 3 arms whic h form almost a 'Y' shapp ed �gure.

The cen tral square an tennas are named from C00 to C14 (with the exception of

C07). So in total there are 14 an tennas in the can tral square. The 3 arms are

named East(E), W est(W) and South(S). They ha v e an tennas named as E02,

E03, E04, E05, E06, S01, S02, S03, S04, S06, W01, W02, W03, W04, W05 and

W06.

1.4 Surface Error Measuremen t

During the construction of eac h of these gigan tic 45m dishes, the whole of it

w as not built at the top of the 15m to w er. Instead the inner p ortion w as only

built at the top, while the outer part w as built at the ground and later �tted

with the inner p ortion on the top. So the original parab oloid design of the

surface migh t ha v e got hamp ered due to these mac hanical �tting reasons. So

there is a need to measure the surface errors of the GMR T dishes in order to

estimate the deviation from the ideal parab olic surface.

There are also other w a ys in whic h the surface ma y get distorted from its

parab olic nature. It ma y happ en due to gra vitational e�ects, wind force, un-

equal heating of the sun, etc.

After the construction of eac h dish theo delite measuremen t has b een conducted

o v er almost all dishes. But the measuremen t with theo delite is a v ery time

consuming pro cess. It to ok almost 3 - 4 da ys to measure a single dish. Moreo v er

the measuremen ts where tak en only p oin ting the an tennas to w ards the zenith.

So the e�ect of gra vit y on the deformation cannot b e tak en in to accoun t. But

the ma jor dra wbac k of the theo delite measuremen t has b een that it is di�cult

to mak e rep eated measuremen ts.
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1.5 Need for Radio-Holograph y

Radio-Holograph y is v ery p o w erful tec hnique to measure the surface errors of

the dishes. This pro cess not only can predict ab out the surface errors but

also predict ab out the errors in the feed-p ositioning, etc. It is a m uc h faster

metho d as compared to theo delite measuremen t. The estimated time required

to complete the measuremen t on all 30 dishes is 2 da ys(appro x.) as compared

to ab out 2-3 mon ths in case of theo delite measuremen t. Moreo v er Radio-

Holographic tec hnique in v olv es more on soft w are than on mec hanical asp ects

so holograph y do es not require the amoun t of man p o w er required b y the

theo delite measuremen t. And the cost of doing a Holographic measuremen t is

m uc h less as compared to that of a Theo delite measuremen t.
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Chapter 2

Radio-Holograph y - An In tro duction

2.1 De�nition of Holograph y in Optical W a v elengths

The optical recording of the ob ject w a v e formed b y the resulting in terference

pattern of t w o m utually coheren t comp onen t ligh t b eams. In the holographic

pro cess, a coheren t b eam �rst is split in to t w o comp onen t b eams, one of whic h

irradiates the ob ject, the second of whic h irradiates a recording medium. The

di�raction or scattering of the �rst w a v e b y the ob ject forms the ob ject w a v e

that pro ceeds to and in terferes with the second coheren t b eam, or reference

w a v e at the medium. The resulting pattern is the three-dimensional record

(hologram) of the ob ject w a v e.

2.2 De�nition- in Radio W a v elength

In radio astronom y , a metho d for re�ning the feed and panel alignmen t, th us

for impro ving the ap erture e�ciency or an tenna gain of a radio telescop e. By

scanning an an tenna's b eam o v er a raster around an unresolv ed radio source,

and using another an tenna p oin ting at the same source as a reference, infor-

mation is obtained ab out the amplitude and phase distributions of the signal

re
ected from the an tenna surface. These distributions are used to sp ecify cor-

rections (if needed) for the fo cus and alignmen t of the feeds or of the p ositions

of individual panels in the re
ector.

2.3 Di�eren t kinds of Radio-Holograph y

In order to ac hiev e an ap erture e�ciency of 50 % , a radio telescop e m ust ha v e

a surface accuracy of �= 16 , where � is the observing w a v elength. In this section

w e men tion few kinds of Surface error measuremen t tec hniques[11]. Among

them, except Laser Metrology all other tec hniques are based up on the principle

that one can deriv e the shap e of an an tenna's primary from the amplitude

and phase of its b eam pattern on the sky [8]. The complete shap e requires

measuring the b eam pattern o v er the full half-sphere. If the measuremen t is

restricted to N b eam widths i.e. an angle of N �=D where D is the diameter of

the primary , the shap e is determined with a spatial resolution of � D = N . The



2.3 Di�eren t kinds of Radio-Holograph y 6

b eam pattern need not b e measured with a mono c hromatic source so long as

the sp ectral resolution( �= � � is not so small as to smear the measuremen ts o v er

the ap erture b y more than the spatial resolution. Th us the sp ectral resolution

should b e larger than N.

2.3.1 F ull-Phase Holograph y

F ull-Phase Holograph y is the most mature of the tec hniques discussed here[9].

This tec hnique requires a transmitter to illuminate the an tenna to b e measured.

The an tenna is scanned across the transmitter to measure the b eam pattern

of the an tenna. A reference an tenna whic h also receiv es the transmitter signal

is needed in order to pro vide a phase and amplitude reference. The output

of the t w o receiv ers when com bined giv es b oth the amplitude and phase of

the b eam pattern of the an tenna to b e measured. This can b e used to deriv e

the amplitude and relativ e phase of the radiation re
ected from p oin ts on the

an tenna surface when the an tenna is p oin ted directly at the transmitter. An

an tenna with a p erfect �gure in p erfect fo cus w ould ha v e all these re
ections

in phase with eac h other. The amoun t that the re
ections are not in phase

measures the deviations of the surface from a p erfect �gure.

A tmospheric scin tillation e�ects can induce an arti�cial phase di�erence b e-

t w een the reference an tenna and the an tenna to b e measured. This eefect on

the measuremen t will b e minimized if the separation b et w een the 2 an tennas is

minimized. The measuremen t of the telescop e is b est done in the con�guration

that is normally used for observ ations.

While all the holograph y tec hniques giv e v ery accurate results, they do not

allo w one to measure the fo cal length of the telescop e directly . Instead they

tell one ho w to optimize the p ositions of the panels for whatev er mean fo cal

length the panels happ en to de�ne. If the fo cal length is not what w as in tended

when the panels w ere fabricated, one will b e led to b end the panels so as to

ac hiev e the erroneous fo cal length.

2.3.2 Shearing Holograph y

Shearing holograph y is an alternate metho d of measuring an an tenna's sur-

face. Instead of measuring the amplitude and phase of the b eam pattern on

the sky , it measures these in the fo cal plane(whic h is equiv alen t to measuring

the b eam pattern). This fo cal pattern of a transmitter or celestial ob ject can

also b e F ourier T ransformed to yield the surface errors of the telescop e primary

[12]. Instead of measuring the pattern's amplitude and phase directly , an in ter-

ferometer with a b eam splitter is used to sup erimp ose the on-axis(reference)

pattern with an o�-axis pattern. The resulting in terference pattern is fo cused

on a single-pixel detector. A grid of suc h measuremen ts at di�eren t o�-axis

p oin ts can b e used to deriv e the surface error map of the telescop e.
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An adv an tage of this tec hnique o v er full-phase holograph y is that it do es not

require a reference receiv er. And since only a mo dest frequency resolution

( �= � � ) of ab out 20 is need and only the p o w er need b e measured, the detec-

tor can b e a b olometer. One can either use a narro w band �lter to ac hiev e

this resolution or, b y adding the capabilit y of mo ving one of the 
at mir-

rors in the in terferometer to c hange the relativ e path length of the t w o arms

of the in terferometer, the in terferometer can b e used as a F ourier transform

sp ectrometer. This mirror w as scanned at eac h p oin t in the measuremen t to

syn thesize a sp ectrum.

2.3.3 Phase-Retriev al Holograph y

Phase retriev al holograph y (also kno wn as out-of-fo cus holograph y) is another

alternate metho d of measuring the surface errors of a radio telescop e [10]. An

adv an tage of this tec hnique is that it is done b y simply comparing observ a-

tions of a p oin t source b oth in fo cus and after mo ving the telescop e out of

fo cus b y a kno wn amoun t. (In practise, one obtains more reliable results if

one has observ ations at sev eral di�eren t fo cus p ositions.) Lik e with Shearing

Holograph y , the p oin t source need not b e mono c hromatic. That is, no sp ecial

holograph y receiv er or mo di�cations to the telescop e are required. Since there

are no phase measuremen ts made, the phase m ust b e in e�ect retriev ed in the

analysis of the data. One disadv an tage is that since no phase is measured di-

rectly , the problem is non-linear and one cannot solv e directly for the surface

error map. Instead, one m ust prop ose a mo del of the surface errors and �nd

the b est set of mo del parameters that will �t the data.

With b oth Shearing Holograph y and Phase-retriev al Holograph y , one need not

use a transmitter but instead use can an astronomical con tin uum source (so

long as it is not to o extended). This has the adv an tage that the shap e of the

telescop e primary need not b e measured with the telescop e p oin ting near the

horizon as is the case with a measuremen t tec hnique with a transmitter on

the ground. A disadv an tage is that one is limited b y the signal to noise ratio

one can ac hiev e on the astronomical ob ject. Ev en the brigh test con tin uum

sources cannot ac hiev e the signal to noise one can obtain with a holograph y

transmitter. So the size of the resolution elemen t on the telescop e ap erture of

the resulting surface error map, s larger than that normally ac hiev ed with a

transmitter.

2.3.4 Laser Metrology

Another metho d of measuring the surface of an an tenna is laser metrology .

Laser rangers are used to measure the distance of retrore
ectors moun ted on

the surface. A minim um of three laser rangers is needed to de�ne the p osition

of a retrore
ector in three dimensions but more accurate results are obtained

if there are more than three laser rangers. An adv an tage of this tec hnique is

that it can b e done while the telescop e is b eing used for normal observing.



2.3 Di�eren t kinds of Radio-Holograph y 8

A disadv an tage is that retrore
ectors m ust b e p ermanen tly moun ted on the

surface and their p ositions measured relativ e to the panels.

The GBT(GreenBank T elescop e) and the LMT(Large Millimeter T elescop e)

plan to use this metho d to measure and correct the errors in their primaries

in real time. T ests of the metho d for the GBT are promising, but an ac-

tual measuremen t of its surface via laser rangers has not y et b een one. The

measuremen t errors are exp ected to b e under 100 �m but will probably b e

considerably larger than obtained via holograph y tec hniques.
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Chapter 3

Theory of Radio-Holograph y

Radio-Holograph y exploits the F ourier-T ransform relationship b et w een the

Ap erture-�eld Distribution and the F ar-�eld pattern(or the fo cal plane dis-

tribution)

3.1 Ap erture-Distribution vs F ar Field P attern

Let the F ar-�eld P attern b e giv en b y :-

V ( � ; � ) = v ( � ; � ) exp [�( � ; � )] (3.1)

Let the Ap erture-�eld P attern b e giv en b y :-

A ( x; y ) = a ( x; y ) exp [�( x; y )] (3.2)

Then the relation b et w een them is giv en b y the F ourier-T ransform:

A ( x; y ) =

Z Z

1

�1

V ( � ; � ) e

� j 2 � ( � x + �y )

d� d� (3.3)

where x, y ) co ordinates on the dish

� ; � ) co ordinates on the sky-plane.

This V ( � ; � ) is necessarily a complex v oltage ! whic h has to b e measured in

the in terferometric mo de.

It is notew orth y here, that equation 3.3 is similar to the expression w e en-

coun ter for F raunho�er Di�raction at the ap erture.

3.2 F raunho�er Di�raction at Ap erture

In con text to the F raunho�er di�raction �eld let us ha v e an ap erture illumi-

nated b y an electromagnetic �eld of amplitude E(l,m) where l,m are direction

cosines. If (x,y) plane is in the far �eld of this ap erture then the w a v efron t is

plane in the (x,y) plane.
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Let P

1

b e a p oin t in the (x,y) plane. Then the radiated �eld from the ap erture

will ha v e a distribution at P

1

, when in tegrated o v er the en tire ap erture, as [1]:

~

E ( x; y ) =

e

� j 2 � � ( t �

R

c

)

R

Z Z

aper tur e

E ( l ; m; t �

R

c

) e

� j 2 � (

x

�

l +

y

�

m )

dl dm (3.4)

No w, time dep endan t �elds are replaced b y their r.m.s �eld amplitudes.

~

E ( x; y ) /

Z Z

aper tur e

E ( l ; m ) e

� j 2 � (

x

�

l +

y

�

m )

dl dm (3.5)
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Chapter 4

Data Acquisition T ec hnique

This c hapter deals with the tec hnique that w as follo w ed while taking the

holographic-observ ation using GMR T. The basic strategy that is adopted here

is in
uenced b y the tec hnique dev elop ed b y Scott and Ryle(1957).

4.1 F requency of Observ ation

The frequency of observ ation w as c hosen to b e 1280 MHz(L- band) ( � = 24.3

cm). In this band the primary b eam w as rep orted to b e 0 : 4

o

i.e. 24 arcmin.

Whereas at other bands it is m uc h higher. So in order to reduce the time of

observ ation w e ha v e c hosen L-Band.

4.2 Choice of the Source

The source to b e observ ed is c hosen to b e 3C147. It is one of the brigh test

source and one of the 
ux calibrators that radio-astronomers often use. It is

also a p oin t ob ject so it meet our needs of a source that will not b e resolv ed

out at longer baselines. The 
ux of 3C147 is ab out 22.5 Jy at 20 cm. Whereas

the nearest brigh t source at 20cm is 3C286 whic h has a 
ux densit y of 15 J y at

20 cm.

4.3 Sc heme

W e ha v e c hosen 2 an tennas as referrence ones (C00 and C10),. These referrence

an tennas will only trac k the source throughout the observ ation. While the

remaining 28 an tennas will b e trac king a circular region across the sky in the

follo wing fashion:

All of these 28 trac king an tennas will scan o v er a circular region across the

sky whic h has a radius of 3 b eam widths. This exten t of 3 b eam widths is

c hosen at presen t to reduce the total duration of observ ation. If the n um b er of

b eam widths are increased w e will b e able to get a b etter resolution on the dish.

Presen tly with this total 6 b eam widths scans w e will b e able to get a resolution
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of ab out 7.5 m on the dish (since the resolution is de�ned as

D

n

= 7 : 5 m ). The

sc heme of the observ ation is also explained in the Fig: 4.1 .
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Circular Region in Sky-Plane
Centered at Source 3C147

Total length of each scan = 144 arcmin

Diameter = 6 Bmwdth

Total 19 cross-scans (scan rate = 18arcmin/min)

Figure 4.1: Illustration of Scanning T ec hnique

The trac king an tennas will start from the p erphery of the circular region on sky

and then will cross the source whic h will b e at the cen ter of the circular region

and will go same distance on the other side of the source. The next scan will
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Figure 4.2: F ar-Field P attern - as observ ed on the sky-plane

start just where the last scan has stopp ed but with an angular displacemen t

of 10

o

on the circumference. This next scan will scan the source in the rev erse

direction to that of the previous one. And this same pro cess follo ws un till the

scans co v ers the full circular region and returns with a scan that is just the

rev erse scan of the �rst scan. So in total w e ha v e 19 scans. Among these 19

scans, the 1st and the 19th are the same scans tak en in the rev erse directions.

This is done just to do some self-consistency c hec ks while analysisng the data.

4.4 Nyquist Sampling Theorem

According to the Nyquist Sampling Theorem [3 ] :- A bandlimited function,

con�ned to size of D, can b e reconstructed completely if sampled at angles

spaced b y under Nyquist Rate of

�

D

or less.
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So follo wing this theorem w e �xed the distance b et w een the successiv e scans

on the circumference to b e 10

o

whic h less the Nyquist Sampling . Hence w e

can no w reconstruct the completely far-�eld radiation pattern b y this n um b er

of scans, without lo osing an y information on it.

4.5 Determination of Scan Rates

The Asim uth-elev ation scan-rates for GMR T an tenna has b een calculated b y

the follo wing form ulae:

V

asimuth

=

sig n � V � cos �

n

cos "

(4.1)

V

el ev ation

= sig n � V � sin �

n

(4.2)

where

sign ) alternate scans are opp osite in direction w.r.t eac h other.

�

(

n + 1) � �

n

= 10

o

V ) resultan t scan-rate = 18 arcmin p er min ute (c hosen)

" ) angle of elev ation , calculated from the follo wing form ulae [1]:

sin � = sin L sin " + cos L cos " cos A (4.3)

cos � cos H = cos L sin " � sin L cos " cos A (4.4)

cos � sin H = � cos " sin A (4.5)

where

H ) hour-angle

� ) declination of the source , L ) Latitude of GMR T

" ) elev ation , A ) asim uth
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Chapter 5

Data Analysis

This c hapter deals with the pro cedure follo w ed while analysing the data of the

observ ation men tioned in the previous c hapter. This analysis includes the at-

tempt to build a soft w are for GMR T that will b e used in further Holographic

measuremen ts. This c hapter also attempts to prop ose a basic formalism that

should b e follo w ed while doing a Holographic Measuremen t in the In terfero-

metric mo de.

5.1 Self-Consistency Chec k

While taking the observ ation 19 total scans of 6 b eam widths w ere tak en.

Among these the 1

st

and 19

th

scans w ere exactly the same scan but tak en in

the rev erse direction to eac h other So in order to v alidate our metho d of scan-

ning these t w o scans w ere used to c hec k the self-consistency( after rev ersing

the last scan ). The last scan w as subtracted from the �rst and the resultan t

w as view ed. It ga v e us a satisfactory result con�rming that eac h scan actually

passed through the source in the w a y the scans w ere designed in the previous

c hapter.

5.2 Channel-Collapse and Band-P ass Calibration

In GMR T w e ha v e the data of an y observ ation to b e tak en across a bandwidth

of 32 MHz ( with the frequency of observ ation as the cen tral frequency). And

this 32 MHz is divided among 256 c hannels. This 32 MHz is divided in to

t w o bands USB(Upp er Side Band) and LSB(Lo w er Side Band), eac h ha ving

128 c hannels eac h. But w e ha v e w ork ed with only one of them. So w e ha v e

essen tially 128 c hannels of data p er timestamp.No w inorder to increase the

Signal-to Noise ratio(SNR) the data w as compressed(a v eraged) o v er all the

128 c hannels.

But while a v eraging o v er all the c hannels w e cannot simply tak e a mean of the

data across the c hannels. Since there is phase v ariation across the c hannels so

if w e tak e the simple mean then w e will lose the information. Hence w e follo w

a tec hnique called BandP ass Calibration inorder to do so.
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BandP ass Calibration - Bandpass calibration is necessary to correct for com-

plex gain v ariations as a function of frequency . The shap e of the bandpass

is determined b y the baseband �lters as most other comp onen ts ha v e a 
at

resp onse as a function of frequency . Across the bandpass, there is almost a

linear phase slop e of a few degrees p er MHz. The c hannel-to-c hannel ampli-

tude v ariations are of order 0.1-1 p ercen tage. Some an tennas sho w a larger,

few p ercen t, amplitude ripple with an appro ximate width of 3 MHz

Figure 5.1: V ariation of amplitude across all c hannels at 130

The basic pro cedure that w as follo w ed is as follo ws :-

� Eac h scan con tains a timestamp data whic h is onsource-data

� A p olynomial is �tted [4 ]across the phase part of this onsource data

o v er all c hannels.
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Figure 5.2: V ariation of phase across all c hannels at 130

� Then this �t is subtracted from the actual onsource data ) ' c alib data'

� No w this ' c alib data ' is subtr acte d fr om al l the other timestamp data

for e ach individual channels (in phase only)

� No w w e simply tak e the mean of all the c hannels for eac h timestamps,

where the amplitude part is simply a v eraged while the phase part is

a v eraged after the BandP ass Calibration has b een done

5.3 Smo othing the Data

After a v eraging the data o v er all c hannels, w e ha v e no w all 19 scans ha ving

1 data p er timestamp. But ev en after c hannel collapse w e observ e that the
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data con tains e�ects of the RFI and In terplanetary scin tillations. So inorder

to eliminate these e�ects w e had to smo o oth the data.

Figure 5.3: Scan data with RFI and scin tillations

The F ast F ourier T ransform w as used in order to transform the data from the

time domain to the frequency domain. W e kno w that the radio sources across

the sky has a radiation pattern whic h will m uc h slo wly v arying as compared to

the RFI(Radio F requency In terference) or Scin tillations (mostly Ionospheric).

So after taking the FFT(F ast F ourier T ransform) w e sa w that there is resp onse

at the higher side of the frequency domain whic h w as iden ti�ed to b e due to

RFI or scin tillations. So w e padded the frequency domain data with zeros on

the higher side of the frequency domain do wn to a limit so that w e do not lose on

the actual data. And then the IFFT(In v erse F ourier T ransform) of this padded

data has b een tak en. The result of this pro cess ga v e us a m uc h smo other data

free from the RFI and Scin tillations upto an appreciable amoun t.
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Figure 5.4: Scan-data after smo othing out the RFI and Scin tillations

5.4 T ransforming from F ar Field to Ap erture Field

No w w e are left up with the job of assem bling all the scans on the skyplane

and transforming it bac k to the ap erture plane.

In order to assem ble all the scans together in the sky-plane data for eac h scan

is normalised in amplitude with resp ect to the onsource data and the phase of

the onsource data is subtracted from all the other data

This is done to calibrate all the scans suc h that the v alue of onsource data

should b e the same in all the scans(whic h should ha v e b een ideally the case).

Direct F ourier T ransform Relation is used in order to get the Ap erture-�eld
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Distribution on the dish.

~

E ( x; y ) =

Z Z
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) e
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y

(5.1)

The form of the ab o v e con tin uum relation that is used in the algorithm is [3]:

~

E ( x; y ) =

X

�

x

;�

y

E ( �

x

; �

y

) e

i 2 � ( �

x

x + �

y

y )

(5.2)

where

�

x

and �

y

are sky-plane co ordinates and x, y are co ordinates on dish.

The corresp onding 2 dimensional Discrete F ourier T ransform is giv en b y:

A ( p; q ) =

X

m

X

n

A ( m; n ) e

j 2 � (

pm + q n

N

)

(5.3)

where

x:�

�

=

n:p

N

and

y :�

�

=

q :m

N

� x: � � =

�

N
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Chapter 6

Results and Measuremen t of Surface

Errors

This c hapter deals with the results that are obtained from the observ ation

men tioned in Chapter 4. Here the calculation of the surface errors o v er the

dish is also men tioned.

6.1 Measuremen t of Surface Errors - Theory

d
q

q

O

O"

P

R

T

S

q 2dsin

Figure 6.1: Diagram illustrating the e�ect of the distortion of the surface of the dish

In order to calculate the surface errors in sev eral an tennas w e refer to �gure

6.1 . In the �gure surface

~

P O R represen ts the original undistorted surface of
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an y an tenna. And the surface

~

T O " S represen ts the distorted surface. Let us

tak e the shift in the surface i.e.

~

O O " to b e of the v alue 'd' whic h is in the

direction normal to the original surface

~

P O R . No w from the �gure 6.1 w e can

mak e out that the path di�erence in tro duced due to the surface error of 'd' is

2 d sin � . So w e get the phase di�erence in tro duced across the surface due to

this deformation of 'd' as giv en b y :

� � =

2 �

�

2 d sin � (6.1)

Since in our case the frequency of observ ation is 1280 MHz, it giv es the w a v e-

length � = 23 : 44 cm . And if w e consider � = 90

o

i.e. for normal incidence of the

radio-w a v es on the surface of the re
ector(whic h o ccurs for the inner part of

the dish), then w e get appro ximately the phase c hange as :

� � =

4 � d

�

(6.2)

This result relates that if in the phase con tour of eac h an tenna w e observ e a

phase c hange of 1 radian then it is related to a surface error of 1.87 cm.

No w it is clear from the Figure 6.1 that if the surface of the dish is distorted in

the do wn w ard direction then the corresp onding phase c hange will b e p ositiv e,

and when the distortion is up w ard from the surface of the dish, then the

corresp onding phase c hange will b e negativ e

So in the ab o v e case the phase v ariation of +1 radians across the surface

indicates that o v er that region the surface migh t ha v e b een pushed do wn b y

an amoun t of 1.87 cm , while a phase c hange of -1 radian indicates that in that

region there migh t b e a upliftmen t of the surface b y an amoun t of 1.87 cm.

6.2 Image of Dish

In this section w e presen t the con tour plots of di�eren t an tennas in b oth 130

and 175 p olarisations. The con tour plots are separate for Phase and Amplitude

parts.

Here w e digress a bit to explain the meaning of the terms 130 and 175. The

data that are collected at eac h an tenna are sen t to the Cen tral Electronincs

Building from the An tenna Base through the optical �bres. No w, the an tennas

can record the data at t w o di�eren t p olarisations at eac h frequencies ( Righ t

Circular P olarisation and Left Circular P olarisation). So the data of b oth these

p olarisation data are sen t sim ultaneously through the optical �bres using t w o

di�eren t frequencies 130 and 175 MHz. Its notew orth y here that at L Band

w e don t ha v e the LCP and R CP but 2 linear p olarisations
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Figure 6.2: Amplitude A t 130 and 175 for C03 in reference to C00

Figure 6.3: Amplitude A t 130 for C03
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Figure 6.4: Phase A t 130 and 175 for C03 in reference to C00

Figure 6.5: Phase A t 130 for C03
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Figure 6.6: Amplitude A t 130 and 175 for C12 in reference to C00

Figure 6.7: Amplitude A t 130 for E03
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Figure 6.8: Phase A t 130 and 175 for C12 in reference to C00

Figure 6.9: Phase A t 130 for E03
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Figure 6.10: Amplitude A t 130 and 175 for C13 in reference to C00

Figure 6.11: Amplitude A t 130 for E03
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Figure 6.12: Phase A t 130 and 175 for C13 in reference to C00

Figure 6.13: Phase A t 130 for E03
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Figure 6.14: Amplitude A t 130 and 175 for E03 in reference to C00

Figure 6.15: Amplitude A t 130 for E03
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Figure 6.16: Phase A t 130 and 175 for E03 in reference to C00

Figure 6.17: Phase A t 130 for E03
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Figure 6.18: Amplitude A t 130 and 175 for E05 in reference to C00

Figure 6.19: Amplitude A t 130 for E03
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Figure 6.20: Phase A t 130 and 175 for E05 in reference to C00

Figure 6.21: Amplitude A t 130 for E03
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Figure 6.22: Amplitude A t 130 and 175 for S06 in reference to C00

Figure 6.23: Amplitude A t 130 for E03
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Figure 6.24: Phase A t 130 and 175 for S06 in reference to C00

Figure 6.25: Phase A t 130 for E03
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6.3 Self-Consistency Chec ks

6.3.1 Theory

A t this p oin t w e ha v e data of eac h target an tennas for t w o referrence an tennas.

So w e can actually c hec k the consistency b et w een the results of eac h an tenna

when corelated with t w o refernce an tennas (for eac h p olarisations).

W e follo w a follo wing tec hnique to determine the same:

Let the ap erture �eld distribution of a an tenna due to 1

st

referrence an tenna is

E

(1)

( x; y ) and that due to the 2

nd

b e E

(2)

( x; y ) , then the relation giving p ercetage

of consistency is giv en as:


 =

R

entir edish

j E

(1)

( x; y ) � E

(2)

( x; y ) j

2

dxdy

q

R

j E

(1)

( x; y ) j

2

dxdy

R

j E

(2)

( x; y ) j

2

dxdy

X 100% (6.3)

No w, if w e are going to c hec k for one an tenna and the same referrence but the

self-consistency b et w een p olarisation, then E

(1)

( x; y ) and E

(2)

( x; y ) are resp ec-

tiv ely the �elds due to eac h of 130 and 175 p olarisations.

6.3.2 Results for C03

The self-consistency b et w een t w o referrences C10 and C00 at 130 is ab out 3 : 4%

and that at 175 is 3 : 5% .

The self-consistency b et w een t w o p olarisations of C03 with referrence C00 is

giv en b y 0 : 39%
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Chapter 7

Measuremen t of Defo cus

Defocused Feed

Actual Position 
of the Feed (Designed)

              
Fig: Showing Defocus of the Feed

Figure 7.1: Diagram depicting the condition after the defo cus of the feed

This c hapter deals with the measuremen t of the defo cus of the feed in separate

an tennas due to the feed displacemen t.

7.1 Theory for measuring the defo cus
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F d q
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q Fcos   d
O"

O
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Figure 7.2: Diagram illustrating the e�ect of the defo cus of the feed

F rom the �gure 7.2 it is certain that the path di�erence � L in tro duced due to

the defo cus of the feed b y the exten t of � f is giv en b y:

� L = � f (1 � cos � ) (7.1)

In the ab o v e equation the actual path di�erence remains as � f cos � , but and

addition of a constan t term � f do es not c hange the information.

F or small v alues of � w e can appro ximate the ab o v e equation as

� L = � f

�

2

2

(7.2)

No w, since � = R =f where R =

p

x

2

+ y

2

= distance of di�eren t mesh p oin ts on

the dish, and f = fo cal length

) � L = � f

x

2

+ y

2

2 f

2

(7.3)

So the corresp onding phase di�erence � � in tro duced on the surface of the dish

due to the defo cus of the feed is giv en b y :

� � = � f

x

2

+ y

2

2 f

2

2 �

�

(7.4)
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where � is the w a v elength of observ ation

7.2 Analysis

W e ha v e tak en the phase part of the holographic data for eac h an tenna at b oth

130 and 175 p olarisations and has extracted a quadratic function from it in the

follwing w a y .

R =

X

p

x

2

+ y

2

<R

max

( phase ( x; y ) � � ( x

2

+ y

2

))

2

(7.5)

where R

max

denotes the exten t (in radius) of the dish to b e tak en in to con-

sideration while doing this computation. Here w e ha v e tak en R

max

to b e 15

meters.

the arra y phase(x,y) denotes for eac h of 130 and 175 p olarisations. So here w e

ha v e calculated the v alue of R for 130 and 175 separately .

� is the parameter w e ha v e used to get the minim um v alue of R .

So b y v arying the v alue of � w e ha v e obtained the minim um v alue of R . This

v alue of � corresp onding to the minim um v alue of R w e ha v e compared with

the ab o v e theory to get the v alue of defo cus of the feed for a particular an tenna.

It is imp ortan t to men tion here that the v alue of � at minim um v alue of R is

almost same for b oth 130 and 175.

� =

2 � � f

2 f

2

�

(7.6)

) � f =

� �f

2

�

(7.7)

7.3 Results for C03

T aking F o cal Length = 18.54 meters, W a v elength of Observ ation = 0.23438

meters (at 1280 MHz), and v alue of � from the minimisation pro cedure w e

get the v alue of the defo cus � f = 0.17951 meters b oth at 130 as w ell as 175

p olarisations. This measure of defo cus is ab out 0.97% of the total fo cal length.
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Chapter 8

Holograph y at 610 MHz

Till no w the results of holographic measuremen t at 1280 MHz has b een men-

tioned. Inorder to v alidate the holographic pro cedure follo w ed there ha v e b een

a need to c hec k the results at 610 MHz also. Ideally it should giv e similar re-

sults to those obtained at 1280 MHz. As compared to the L-band feed ( a

corrugated horn) of GMR T the 610 feed is a coaxial cylinder ha ving the dual

frequency mo de at 610 MHz and also at 327 Mhz.

8.1 Scanning T ec hnique

The tec hnique is iden tical to that men tioned in c hapter 4 (in case of 1280

MHz). But primary b eam width at 610 MHz is 54 min. So to p erform the

en tire observ ation of 19 scans(6 b eam widths eac h) in short time the scan rate

w as tak en to b e 36 arcmin p er min as compared to 18 arcmin p er min in case

of 1280 MHz. In this observ ation the source w as 3C147 (as in c hapter 4).

In this observ ation, di�eren t an tennas w ere giv en di�eren t magnitude of feed

rotations in either an ticlo c kwise or clo c kwise directions. But still some of the

an tennas (including the reference an tennas w ere k ept at p oin ting only and not

b een giv en an y p oin ting o�set. This action of feed rotation will in tro duce

delib erately a coma term in the phase distribution across the surface of the

dish.

The status of the feed-rotation in eac h an tennas used is giv en as follo ws:-

� C01,C10(Reference An tennas) ! no feed-rotation.

� C02,C03,C04,C05,C11,E03,E04,E06 ! no feed-rotation.

� S03,S06 ! feed rotated b y +200 coun ts.

� E02,E05 ! feed rotated b y -200 coun ts.

� C09,W03 ! feed rotated b y +300 coun ts.

� S01,W02 ! feed rotated b y -300 coun ts.
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� C12,C13 ! feed rotated b y +400 coun ts.

� C08,W01 ! feed rotated b y -400 coun ts.

Here, w e should men tion that F eeds at GMR T are con trolled b y the FPS(F eed

P ositioning System) and the con v en tion used b y FPS for rotation is 15360

coun ts 270

o

. And +,- sign resem bles the clo c kwise and an ticlo c kwise rotations

resp ectiv ely .

8.2 Results

Presen tly only one an tenna(E03) at 610 MHz has b een analyzed in referrence

to C01.
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Figure 8.1: Amplitude A t 130 and 175 for E03 with reference as C01

Figure 8.2: Phase A t 130 for E03
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Figure 8.3: Phase A t 130 and 175 for E03 with reference as C01

Figure 8.4: Phase A t 130 for E03
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Chapter 9

Second Observ ation at 1280 MHz

There w as a need of the second observ ation at 1280 MHz in order to justify

the consistency of the results of last observ ation at 1280 MHz(men tioned in

Chapter 4.

9.1 Scanning T ec hnique

The tec hnique is exactly the same as men tioned in c hapter 4. But tis time the

en tire observ ation of 19 scans(6 b eam widths eac h) w as to b e p eformed in short

time, so the scan rate w as tak en to b e 36 arcmin p er min as compared to 18

arcmin p er min in c hapter 4. In this observ ation the source w as 3C286.

In this observ ation, di�eren t an tennas w ere giv en di�eren t magnitude of feed

rotations in either an ticlo c kwise or clo c kwise directions. But still some of the

an tennas (including the reference an tennas w ere k ept at p oin ting only and not

b een giv en an y p oin ting o�set. This action of feed rotation will in tro duce

delib erately a coma term in the phase distribution across the surface of the

dish.

The status of the feed-rotation in eac h an tennas used is giv en as follo ws:-

� C00,C06,C10(Reference An tennas) ! no feed-rotation.

� C01,C02,C03,C04,C05,E03,S04,W06 ! no feed-rotation.

� C05,E06,S06 ! feed rotated b y +200 coun ts.

� E05,S03,W04 ! feed rotated b y -200 coun ts.

� E02,E04,W03 ! feed rotated b y +300 coun ts.

� C14,S01,W02 ! feed rotated b y -300 coun ts.

� C12,C13,W01 ! feed rotated b y +400 coun ts.

� C08,C09,C11 ! feed rotated b y -400 coun ts.
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9.2 Results

In the next �gures, w e can see the results of C03(with referrence to C00). The

observ ed pattern is similar to that obtained c hapter 6. In fact, the consistency

calculationas p er equation 6.3 giv es 4.9 % at 130 and 5.1 % at 175.

9.3 Estimate of Coma

The qualitativ e b eha viour of coma has b een observ ed in the ab o v e sets of data.

The b eha viour is at p er with the exp ected as referred in [6]. W e are trying to

extract the quan titativ e measure of Coma as w ell.



9.3 Estimate of Coma 45

Figure 9.1: Amplitude A t 130 and 175 for C03 with reference as C00 without feed rotation

Figure 9.2: Phase A t 130 for E03
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Figure 9.3: Phase A t 130 and 175 for C03 with reference as C00 without feed rotation

Figure 9.4: Phase A t 130 for E03
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Figure 9.5: Amplitude A t 130 and 175 for E05 with reference as C00 with feed rotation

Figure 9.6: Phase A t 130 for E03
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Figure 9.7: Phase A t 130 and 175 for E05 with reference as C00 with feed rotation

Figure 9.8: Phase A t 130 for E03
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Chapter 10

Scop e of F urther Dev elopmen t

This pro ject w as aimed to co v er the basic formalism of Radio-Holographic

measuremen ts at GMR T. Ev en though the basic formalism has b een done but

still there remains a plethora of w ork that can b e done to dev elop the op eration.

Belo w some of them are men tioned.

� The presen t resolution on the dish is ab out 7 meters. It can b e reduced to 1 meter

(whic h is appreciable) b y taking longer scans of ab out 10 b eam widths.

� The algorithm that has b een dev elop de can b e v eri�ed b y sim ulating the co de with

a giv en ap erture illumination with some kno wn defects.

� The coma estimation has b een started. But that to o requires a deep study to �gure

out.

� T o extract ev ery p ossible defects from the ap erture illumination b y expansion of the

circular Zernik e P olynomials [6]

� The 610 MHz data has to b e analysed for all the an tennas.

� Holograph y can also b e done b y man ually mo ving the feed in the v ertical direction.

� The presen t soft w are dev elop ed is in parts. So the most useful future w ork will b e

to merge all the program and create a single stand alone program that will tak e the

L T A �le as input and will pro duce holographic maps(in amplitude and phase) as its

output.
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Chapter 11

Co des

11.1 F ortran Co de for Scanning T ec hnique

* Program to evaluate the respective Azimuth and elevation Scan rate

* in different scans that suffice the Holography experiment of 14th

* December 2003, and 22nd April at GMRT.

implicit none

* all variables are in arcmin

real*8 v_alpha,v_beta,theta_n(100 00), cos_ el_n (10 000)

real*8 theta_incr,scan_rate,start _obs ,end _obs

real*8 extent,radius,time_each_sc an,f req

real*8 NY_spacing,dead_time,sourc e_tr ansi t

real*8 rate_el,rate_as,current_ti me,l at

real*8 hour_angle(10000),dec,sin_ el,b

real*8 peak_time,beam_width,verif y,re s_v, stop _sc an

real*8 p,D2R

integer*4 n,i,j,value

open(unit=11,file='holo_14 =11. out ')

open(unit=12,file='holo_14 =12. out ')

open(unit=13,file='holo_14 =13. out ')

open(unit=14,file='holo_14 =34. out ')

D2R = ATAN(1.0D0)/45.0D0

* Latitude of GMRT(in degree)

lat = 19.1

* Declination of the source : dec (in degrees)

write(*,*)'Enter beamwidth at frequency of obs(in deg)'

read(*,*)b

write(11,*)'The primary beamwidth at frequency of obs(in deg)',b

write(*,*)'Enter the declination of the source(in degrees)'
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read(*,*)dec

write(11,*)'The declination of the source(in degrees) ',dec

* current_time is in minutes

current_time=0.0d0

write(*,*)'Enter the starting time of observation'

read(*,*)start_obs

write(11,*)'The starting time of observation',start_obs

write(*,*)'Enter the ending time of observation'

read(*,*)end_obs

write(11,*)'The starting time of observation',end_obs

write(*,*)'Enter the dead time between each scans(min)'

read(*,*)dead_time

write(11,*)'The dead time between scans',dead_time

write(*,*)'Observing Frequency(in MHZ) ?'

read(*,*)freq

write(11,*)'Observing frequency(in MHZ) is ',freq

write(*,*)'Transit time of source(in hours) ?'

read(*,*)source_transit

write(11,*)'Transit time(hrs) of source ',source_transit

write(*,*)'How many beamwidth u want to go ?'

read(*,*)extent

write(11,*)'NO. of beamwidth u want to go ',extent

beam_width=b*60

* Therefore the radius of the circular mesh is

radius = beam_width*extent

write(11,*)'Ans'

write(11,*)'The radius(in arc-min) of the mesh is' , radius

write(*,*)'No. of scans u want to take'

read(*,*)n

write(11,*)'No. of scans to be take',n

write(*,*)'The resultant scan-rate(arc-min/min) u want to take'

read(*,*)scan_rate

write(11,*)'Resultant scan-rate(arc-min/min) u want',scan_rate
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time_each_scan= 2.*radius/scan_rate

write(11,*)'Ans'

write(11,*)'Tot time(min) reqd for 1 scan',time_each_scan

* Nyquist Sampling Spacing = lambda/ D

* D = 45 m, diameter of the dish.

NY_spacing= ((300/freq)*(180*60/3.14) )/45

write(11,*)'Ans'

write(11,*)'Nyquist Spacing(in arc-min) is ',NY_spacing

write(11,*)'Ans'

write(11,*)'Total Scans predicted by Nyquist is ',NY_spacing

* tot= (3.14*radius)/NY-spacing

write(11,*)'Tot Time(min)for all scans ',(3.14*radius)*time_each _sc an/N Y_sp acin g

* tot= (3.14*radius)/NY-spacing

write(11,*)'Tot Time(min)for all scans ',(3.14*radius)*time_each _sc an/N Y_sp acin g

* theta_incr= (180*60)/n

theta_n(1)=0.

write(12,*)'scan_no', 'rate_alpha','rate_beta',' res_ v ','theta_n '

write(13,*)'scan_no ', 'rate_as ','rate_el','peak_time ','resultant_scan_rate'

write(14,*)'scan#' ,'scan_start',' rate_as',' rate_el','scan_stop','peak_ time '

value = 1

do i=1,n+1

* Hour Angle at transit of the source is 0

hour_angle(i)=0.-(source_t rans it- star t_ob s-(( cur rent _tim e+(t ime_ eac h_sc an/2 ))/6 0.) )

1*1.002785515

* The last multiplicative factor is the corection due to the sidereal time.

sin_el=(sin(D2R*lat)*sin(D 2R*d ec) )+(c os(D 2R*l at) *cos (D2R *dec )*co s(h our_ angl e(i) *D2 R*15 ))

cos_el_n(i)=dsqrt(1-(sin_e l*si n_e l))

write(*,*)(theta_n(i)),sin (D2R *th eta_ n(i) ),co s(D 2R*t heta _n(i ))

v_alpha=value*scan_rate*co s(th eta _n(i )*D2 R)

v_beta=value*scan_rate*sin (the ta_ n(i) *D2R )

res_v=dsqrt((v_alpha*v_alp ha)+ (v_ beta *v_b eta) )

write(12,1)i,v_alpha,v_bet a,re s_v ,the ta_n (i)

1 format(2x,I2,7x,F8.4,5x,F8 .4,6 x,F 8.4, 6x,F 8.4, 2x)
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peak_time=current_time+(ti me_e ach _sca n/2)

rate_el=v_beta

rate_as=v_alpha/cos_el_n(i )

rate_as=v_alpha/cos_el_n(i )

verify =dsqrt( (rate_el*rate_el)+(rate_as *rat e_a s))

write(13,2)i,rate_as,rate_ el,p eak _tim e,ve rify

2 format(2x,I2,6x,F8.4,6x,F8 .4,5 x,F 8.4, 5x,F 8.4, 2x)

stop_scan=current_time+tim e_ea ch_ scan

write(14,3)i,current_time, rate _as ,rat e_el ,sto p_s can, peak _tim e,si n_e l

3 format(2x,I2,4x,F6.2,4x,F1 9.13 ,4x ,F8. 4,4x ,F6. 2,4 x,F6 .2,2 x,F6 .2)

value=-value

current_time=current_time+ (tim e_e ach_ scan +dea d_t ime)

* Theta is calculated in degree

theta_n(i+1)=(180./n)*i

enddo

stop

end
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11.2 Octa v e Co de for Data Anala ysis

11.2.1 Initial Analysis

* Octave Code of the program that takes in the input as each scan(extracted from the

* LTA file using "./xtract" program) and gives in the output all the scans after

* Bandpass Calibration, Smoothing, Channel Collapse and well-aligned.

%%%%%%%%%%%%%%%%%%%%%%%%%% %%%% %%%% %%%% %%% %%%% %%%% %%%% %%% %

function initial_holography

clc;

clear;

%close;

%************* Opening Files ************************ *

New130 = zeros(1,402);

New175 = zeros(1,402);

processed_data_130 = zeros(18,201);

processed_data_175 = zeros(18,201);

filename10 = "130.out";

filename11 = "175.out";

%*************** calling each scan files for storing the skydata in an array ***********

for i = 1:1:18

i

if(i== 1)

i

filename0 = "14dec_0_C00:C03_target_ allc hann el.o ut" ;

filename1 = "14dec_0_C00:C03_ac.out" ;

smoothing(filename0,filen ame1 ); % calling the function smoothing for scan0

%****Sorting the raw-data into a single row matrix*********

fp10 = fopen(filename10,"r");

fp11 = fopen(filename11,"r");

[New130 stop] = fscanf(fp10,"%f",[1,Inf] );

[New175 stop] = fscanf(fp11,"%f",[1,Inf] );

fclose(fp10);

fclose(fp11);

%************************ **** **** *** **** **** **** *** **** ****

for k = 1:1:201

k1 = 2*k - 1;

k2 = 2*k ;

processed_data_130(i,k) = New130(1,k1) + j* New130(1,k2);

processed_data_175(i,k) = New175(1,k1) + j* New175(1,k2);

endfor

endif
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if(i== 2)

i

filename0 = "14dec_1_C00:C03_target_ allc hann el.o ut" ;

filename1 = "14dec_1_C00:C03_ac.out" ;

smoothing(filename0,filen ame1 ); % calling the function smoothing for scan1

%****Sorting the raw-data into a single row matrix*********

fp10 = fopen(filename10,"r");

fp11 = fopen(filename11,"r");

[New130 stop] = fscanf(fp10,"%f",[1,Inf] );

[New175 stop] = fscanf(fp11,"%f",[1,Inf] );

fclose(fp10);

fclose(fp11);

%************************ **** **** *** **** **** **** *** **** ****

for k = 1:1:201

k1 = 2*k - 1;

k2 = 2*k ;

processed_data_130(i,k) = New130(1,k1) + j* New130(1,k2);

processed_data_175(i,k) = New175(1,k1) + j* New175(1,k2);

endfor

endif

if(i == 3)

i

filename0 = "14dec_2_C00:C03_target_ allc hann el.o ut" ;

filename1 = "14dec_2_C00:C03_ac.out" ;

smoothing(filename0,filen ame1 ); % calling the function smoothing for scan2

%****Sorting the raw-data into a single row matrix*********

fp10 = fopen(filename10,"r");

fp11 = fopen(filename11,"r");

[New130 stop] = fscanf(fp10,"%f",[1,Inf] );

[New175 stop] = fscanf(fp11,"%f",[1,Inf] );

fclose(fp10);

fclose(fp11);

%************************ **** **** *** **** **** **** *** **** ****

for k = 1:1:201

k1 = 2*k - 1;

k2 = 2*k ;

processed_data_130(i,k) = New130(1,k1) + j* New130(1,k2);

processed_data_175(i,k) = New175(1,k1) + j* New175(1,k2);

endfor

endif

if(i== 4)

i

filename0 = "14dec_3_C00:C03_target_ allc hann el.o ut" ;

filename1 = "14dec_3_C00:C03_ac.out" ;

smoothing(filename0,filen ame1 ); % calling the function smoothing for scan3
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%****Sorting the raw-data into a single row matrix*********

fp10 = fopen(filename10,"r");

fp11 = fopen(filename11,"r");

[New130 stop] = fscanf(fp10,"%f",[1,Inf] );

[New175 stop] = fscanf(fp11,"%f",[1,Inf] );

fclose(fp10);

fclose(fp11);

%************************ **** **** *** **** **** **** *** **** ****

for k = 1:1:201

k1 = 2*k - 1;

k2 = 2*k ;

processed_data_130(i,k) = New130(1,k1) + j* New130(1,k2);

processed_data_175(i,k) = New175(1,k1) + j* New175(1,k2);

endfor

endif

if(i==5)

i

filename0 = "14dec_4_C00:C03_target_ allc hann el.o ut" ;

filename1 = "14dec_4_C00:C03_ac.out" ;

smoothing(filename0,filen ame1 ); % calling the function smoothing for scan4

%****Sorting the raw-data into a single row matrix*********

fp10 = fopen(filename10,"r");

fp11 = fopen(filename11,"r");

[New130 stop] = fscanf(fp10,"%f",[1,Inf] );

[New175 stop] = fscanf(fp11,"%f",[1,Inf] );

fclose(fp10);

fclose(fp11);

%************************ **** **** *** **** **** **** *** **** ****

for k = 1:1:201

k1 = 2*k - 1;

k2 = 2*k ;

processed_data_130(i,k) = New130(1,k1) + j* New130(1,k2);

processed_data_175(i,k) = New175(1,k1) + j* New175(1,k2);

endfor

endif

if(i== 6)

i

filename0 = "14dec_5_C00:C03_target_ allc hann el.o ut" ;

filename1 = "14dec_5_C00:C03_ac.out" ;

smoothing(filename0,filen ame1 ); % calling the function smoothing for scan5

%****Sorting the raw-data into a single row matrix*********

fp10 = fopen(filename10,"r");

fp11 = fopen(filename11,"r");

[New130 stop] = fscanf(fp10,"%f",[1,Inf] );

[New175 stop] = fscanf(fp11,"%f",[1,Inf] );
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fclose(fp10);

fclose(fp11);

%************************ **** **** *** **** **** **** *** **** ****

for k = 1:1:201

k1 = 2*k - 1;

k2 = 2*k ;

processed_data_130(i,k) = New130(1,k1) + j* New130(1,k2);

processed_data_175(i,k) = New175(1,k1) + j* New175(1,k2);

endfor

endif

if(i==7)

i

filename0 = "14dec_6_C00:C03_target_ allc hann el.o ut" ;

filename1 = "14dec_6_C00:C03_ac.out" ;

smoothing(filename0,filen ame1 ); % calling the function smoothing for scan6

%****Sorting the raw-data into a single row matrix*********

fp10 = fopen(filename10,"r");

fp11 = fopen(filename11,"r");

[New130 stop] = fscanf(fp10,"%f",[1,Inf] );

[New175 stop] = fscanf(fp11,"%f",[1,Inf] );

fclose(fp10);

fclose(fp11);

%************************ **** **** *** **** **** **** *** **** ****

for k = 1:1:201

k1 = 2*k - 1;

k2 = 2*k ;

processed_data_130(i,k) = New130(1,k1) + j* New130(1,k2);

processed_data_175(i,k) = New175(1,k1) + j* New175(1,k2);

endfor

endif

if(i== 8)

i

filename0 = "14dec_7_C00:C03_target_ allc hann el.o ut" ;

filename1 = "14dec_7_C00:C03_ac.out" ;

smoothing(filename0,filen ame1 ); % calling the function smoothing for scan7

%****Sorting the raw-data into a single row matrix*********

fp10 = fopen(filename10,"r");

fp11 = fopen(filename11,"r");

[New130 stop] = fscanf(fp10,"%f",[1,Inf] );

[New175 stop] = fscanf(fp11,"%f",[1,Inf] );

fclose(fp10);

fclose(fp11);

%************************ **** **** *** **** **** **** *** **** ****

for k = 1:1:201

k1 = 2*k - 1;
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k2 = 2*k ;

processed_data_130(i,k) = New130(1,k1) + j* New130(1,k2);

processed_data_175(i,k) = New175(1,k1) + j* New175(1,k2);

endfor

endif

if(i== 9)

i

filename0 = "14dec_8_C00:C03_target_ allc hann el.o ut" ;

filename1 = "14dec_8_C00:C03_ac.out" ;

smoothing(filename0,filen ame1 ); % calling the function smoothing for scan8

%****Sorting the raw-data into a single row matrix*********

fp10 = fopen(filename10,"r");

fp11 = fopen(filename11,"r");

[New130 stop] = fscanf(fp10,"%f",[1,Inf] );

[New175 stop] = fscanf(fp11,"%f",[1,Inf] );

fclose(fp10);

fclose(fp11);

%************************ **** **** *** **** **** **** *** **** ****

for k = 1:1:201

k1 = 2*k - 1;

k2 = 2*k ;

processed_data_130(i,k) = New130(1,k1) + j* New130(1,k2);

processed_data_175(i,k) = New175(1,k1) + j* New175(1,k2);

endfor

endif

if(i== 10)

i

filename0 = "14dec_9_C00:C03_target_ allc hann el.o ut" ;

filename1 = "14dec_9_C00:C03_ac.out" ;

smoothing(filename0,filen ame1 ); % calling the function smoothing for scan9

%****Sorting the raw-data into a single row matrix*********

fp10 = fopen(filename10,"r");

fp11 = fopen(filename11,"r");

[New130 stop] = fscanf(fp10,"%f",[1,Inf] );

[New175 stop] = fscanf(fp11,"%f",[1,Inf] );

fclose(fp10);

fclose(fp11);

%************************ **** **** *** **** **** **** *** **** ****

for k = 1:1:201

k1 = 2*k - 1;

k2 = 2*k ;

processed_data_130(i,k) = New130(1,k1) + j* New130(1,k2);

processed_data_175(i,k) = New175(1,k1) + j* New175(1,k2);

endfor

endif
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if(i== 11)

i

filename0 = "14dec_10_C00:C03_target _all chan nel. out ";

filename1 = "14dec_10_C00:C03_ac.out ";

smoothing(filename0,filen ame1 ); % calling the function smoothing for scan10

%****Sorting the raw-data into a single row matrix*********

fp10 = fopen(filename10,"r");

fp11 = fopen(filename11,"r");

[New130 stop] = fscanf(fp10,"%f",[1,Inf] );

[New175 stop] = fscanf(fp11,"%f",[1,Inf] );

fclose(fp10);

fclose(fp11);

%************************ **** **** *** **** **** **** *** **** ****

for k = 1:1:201

k1 = 2*k - 1;

k2 = 2*k ;

processed_data_130(i,k) = New130(1,k1) + j* New130(1,k2);

processed_data_175(i,k) = New175(1,k1) + j* New175(1,k2);

endfor

endif

if(i== 12)

i

filename0 = "14dec_11_C00:C03_target _all chan nel. out ";

filename1 = "14dec_11_C00:C03_ac.out ";

smoothing(filename0,filen ame1 ); % calling the function smoothing for scan11

%****Sorting the raw-data into a single row matrix*********

fp10 = fopen(filename10,"r");

fp11 = fopen(filename11,"r");

[New130 stop] = fscanf(fp10,"%f",[1,Inf] );

[New175 stop] = fscanf(fp11,"%f",[1,Inf] );

fclose(fp10);

fclose(fp11);

%************************ **** **** *** **** **** **** *** **** ****

for k = 1:1:201

k1 = 2*k - 1;

k2 = 2*k ;

processed_data_130(i,k) = New130(1,k1) + j* New130(1,k2);

processed_data_175(i,k) = New175(1,k1) + j* New175(1,k2);

endfor

endif

if(i== 13)

i

filename0 = "14dec_12_C00:C03_target _all chan nel. out ";

filename1 = "14dec_12_C00:C03_ac.out ";

smoothing(filename0,filen ame1 ); % calling the function smoothing for scan12
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%****Sorting the raw-data into a single row matrix*********

fp10 = fopen(filename10,"r");

fp11 = fopen(filename11,"r");

[New130 stop] = fscanf(fp10,"%f",[1,Inf] );

[New175 stop] = fscanf(fp11,"%f",[1,Inf] );

fclose(fp10);

fclose(fp11);

%************************ **** **** *** **** **** **** *** **** ****

for k = 1:1:201

k1 = 2*k - 1;

k2 = 2*k ;

processed_data_130(i,k) = New130(1,k1) + j* New130(1,k2);

processed_data_175(i,k) = New175(1,k1) + j* New175(1,k2);

endfor

endif

if(i==14)

i

filename0 = "14dec_13_C00:C03_target _all chan nel. out ";

filename1 = "14dec_13_C00:C03_ac.out ";

smoothing(filename0,filen ame1 ); % calling the function smoothing for scan13

%****Sorting the raw-data into a single row matrix*********

fp10 = fopen(filename10,"r");

fp11 = fopen(filename11,"r");

[New130 stop] = fscanf(fp10,"%f",[1,Inf] );

[New175 stop] = fscanf(fp11,"%f",[1,Inf] );

fclose(fp10);

fclose(fp11);

%************************ **** **** *** **** **** **** *** **** ****

for k = 1:1:201

k1 = 2*k - 1;

k2 = 2*k ;

processed_data_130(i,k) = New130(1,k1) + j* New130(1,k2);

processed_data_175(i,k) = New175(1,k1) + j* New175(1,k2);

endfor

endif

if(i==15)

i

filename0 = "14dec_14_C00:C03_target _all chan nel. out ";

filename1 = "14dec_14_C00:C03_ac.out ";

smoothing(filename0,filen ame1 ); % calling the function smoothing for scan14

%****Sorting the raw-data into a single row matrix*********

fp10 = fopen(filename10,"r");

fp11 = fopen(filename11,"r");

[New130 stop] = fscanf(fp10,"%f",[1,Inf] );

[New175 stop] = fscanf(fp11,"%f",[1,Inf] );

fclose(fp10);
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fclose(fp11);

%************************ **** **** *** **** **** **** *** **** ****

for k = 1:1:201

k1 = 2*k - 1;

k2 = 2*k ;

processed_data_130(i,k) = New130(1,k1) + j* New130(1,k2);

processed_data_175(i,k) = New175(1,k1) + j* New175(1,k2);

endfor

endif

if(i==16)

i

filename0 = "14dec_15_C00:C03_target _all chan nel. out ";

filename1 = "14dec_15_C00:C03_ac.out ";

smoothing(filename0,filen ame1 ); % calling the function smoothing for scan15

%****Sorting the raw-data into a single row matrix*********

fp10 = fopen(filename10,"r");

fp11 = fopen(filename11,"r");

[New130 stop] = fscanf(fp10,"%f",[1,Inf] );

[New175 stop] = fscanf(fp11,"%f",[1,Inf] );

fclose(fp10);

fclose(fp11);

%************************ **** **** *** **** **** **** *** **** ****

for k = 1:1:201

k1 = 2*k - 1;

k2 = 2*k ;

processed_data_130(i,k) = New130(1,k1) + j* New130(1,k2);

processed_data_175(i,k) = New175(1,k1) + j* New175(1,k2);

endfor

endif

if(i==17)

i

filename0 = "14dec_16_C00:C03_target _all chan nel. out ";

filename1 = "14dec_16_C00:C03_ac.out ";

smoothing(filename0,filen ame1 ); % calling the function smoothing for scan16

%****Sorting the raw-data into a single row matrix*********

fp10 = fopen(filename10,"r");

fp11 = fopen(filename11,"r");

[New130 stop] = fscanf(fp10,"%f",[1,Inf] );

[New175 stop] = fscanf(fp11,"%f",[1,Inf] );

fclose(fp10);

fclose(fp11);

%************************ **** **** *** **** **** **** *** **** ****

for k = 1:1:201

k1 = 2*k - 1;

k2 = 2*k ;

processed_data_130(i,k) = New130(1,k1) + j* New130(1,k2);
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processed_data_175(i,k) = New175(1,k1) + j* New175(1,k2);

endfor

endif

if(i==18)

i

filename0 = "14dec_17_C00:C03_target _all chan nel. out ";

filename1 = "14dec_17_C00:C03_ac.out ";

smoothing(filename0,filen ame1 ); % calling the function smoothing for scan17

%****Sorting the raw-data into a single row matrix*********

fp10 = fopen(filename10,"r");

fp11 = fopen(filename11,"r");

[New130 stop] = fscanf(fp10,"%f",[1,Inf] );

[New175 stop] = fscanf(fp11,"%f",[1,Inf] );

fclose(fp10);

fclose(fp11);

%************************ **** **** *** **** **** **** *** **** ****

for k = 1:1:201

k1 = 2*k - 1;

k2 = 2*k ;

processed_data_130(i,k) = New130(1,k1) + j* New130(1,k2);

processed_data_175(i,k) = New175(1,k1) + j* New175(1,k2);

endfor

endif

endfor

%************************* **** **** **** *** **** **** **** *** **** **** **** **** *** **

***************Printing to File ****************

filename20 = "intial_data_130.hol";

filename21 = "initial_data_175.hol";

fp20 = fopen(filename20,"w");

fp21 = fopen(filename21,"w");

for m =1:1:18

for n =1:1:201

fprintf(fp20,"%f %f \n",real(processed_data_1 30(m ,n) ),im ag(p roce ssed _da ta_1 30(m ,n)) );

fprintf(fp21,"%f %f \n",real(processed_data_1 75(m ,n) ),im ag(p roce ssed _da ta_1 75(m ,n)) );

endfor

endfor

fclose(fp20);

fclose(fp21);

%************************* **** **** **** *** **** **** **** *** **** **** **** **** *** **** **

endfunction

function smoothing(filename0,filen ame1 )

****Sorting the raw-data into a single row matrix*********

fp0 = fopen(filename0,"r");

filename0
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filename1

uptostring("#","O",fp0); %reaching the last char string "#O"

uptochar("\n", fp0 ); %reaching the end of the line

[rawdata stop] = fscanf(fp0,"%f",[1,Inf]) ;

fclose(fp0);

%************************* **** **** **** *** **** **** **** *** ***

[M N] = size(rawdata) ;

data_real_130_0 = zeros(1,128);

data_im_130_0 = zeros(1,128);

data_real_175_0 = zeros(1,128);

data_im_175_0 = zeros(1,128);

i = 1;

k = 1;

for m = 2:2:N

if(m < 258)

data_real_130_0(1,i) = rawdata(1,m);

data_im_130_0(1,i) = rawdata(1,m+1);

i = i + 1;

endif

if(m >= 258 )

data_real_175_0(1,k) = rawdata(1,m);

data_im_175_0(1,k) = rawdata(1,m+1);

k = k+1;

endif

endfor

rawdata =[]; %killing the rawdata matrix

%######################### #### #### #### ### #### #### #### ### #### ##

Ant130_0 = data_real_130_0+ j*data_im_130_0;

Ant175_0 = data_real_175_0+ j*data_im_175_0;

Xaxis = 1:1:128;

################# End of File 1 ######################## #### #

********* Calculations ************************** **

for i =1:1:100

calib_130(i) = arg(Ant130_0(i+10));

calib_175(i) = arg(Ant175_0(i+10));

endfor

rescalib_130 = detrend (calib_130,1);

rescalib_175 = detrend (calib_175,1);

for i = 1:1:100

smooth_130(i) = calib_130(i) - rescalib_130 (i);

smooth_175(i) = calib_175(i) - rescalib_175 (i);

endfor
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%************************* **** **** **** *** **** **** **** *** **** *

Xaxis1 = 1:1:100;

************************** **** **** **** *** **** **** **** *** **** **** **** **** *** **** *

********** Beginning the Channel calibration for each scans *********************

****Sorting the raw-data into a single row matrix*********

fp1 = fopen(filename1,"r");

uptostring("#","O",fp1); %reaching the last char string "#O"

uptochar("\n", fp1 ); %reaching the end of the line

[rawdata stop] = fscanf(fp1,"%f",[1,Inf]) ;

fclose(fp1);

************************** **** **** **** *** **** **** **** *** **

Col=401;

[M N] = size(rawdata) ;

Rows =N/Col;

i = 1;

data = zeros(Rows,Col);

for m = 1:1:Rows

for n = 1:1:Col

data(m,n) = rawdata(1,i);

i = i + 1;

endfor

endfor

rawdata =[]; %killing the rawdata matrix

[M1 N1] = size( data ) ;

avg_data = zeros(M1,5);

cal_data = zeros(M1,5);

phase_diff = zeros(M1,5);

for m = 1:1:M1

ir=1;

k=1;

for n=2:2:N1

avg_data(m,1)=data(m,1);

if(n <= 201)

cal_data(m,1) = data(m,n) + j*data(m,n+1);
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phase_diff(m,1) = arg(cal_data(m,1)) - smooth_130(ir);

nval_real = abs(cal_data(m,1))*cos(p hase _dif f(m, 1)) ;

nval_imag = abs(cal_data(m,1))*sin(p hase _dif f(m, 1)) ;

avg_data(m,2) = avg_data(m,2) + nval_real;

avg_data(m,3) = avg_data(m,3) + nval_imag;

ir= ir+1;

endif

if(n >= 202)

cal_data(m,2) = data(m,n) + j*data(m,n+1);

phase_diff(m,2)= arg(cal_data(m,2)) - smooth_175(k);

nval_real = abs(cal_data(m,1))*cos(p hase _di ff(m ,1)) ;

nval_imag = abs(cal_data(m,1))*sin(p hase _dif f(m, 1)) ;

avg_data(m,4) = avg_data(m,4) + nval_real;

avg_data(m,5) = avg_data(m,5) + nval_imag;

k=k+1;

endif

endfor

avg_data(m,2)= avg_data(m,2)/100;

avg_data(m,3)=avg_data(m, 3)/ 100;

avg_data(m,4)=avg_data(m, 4)/ 100;

avg_data(m,5)=avg_data(m, 5)/ 100;

endfor

*****Sorting the data into time, ant-USB & ant-LSB (re + j im)****

TimeStamp = avg_data(:,1)';

Ant130 = avg_data(:,2)' + j*avg_data(:,3)';

[orig_row orig_col] = size(Ant130);

Ant130 = [zeros(1,250),Ant130,zero s(1, 250 )];

Ant175 = avg_data(:,4)' + j*avg_data(:,5)';

Ant175 = [zeros(1,250),Ant175,zero s(1, 250 )];

****************** Analysis ********************

FFT130 = fft(Ant130);
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Mag130 = abs(FFT130);

FFT175 = fft(Ant175);

Mag175 = abs(FFT175);

[M10 N10] = size(Mag130);

Xaxis2 = 1:1:N10;

%[M11 N11] = size(Xaxis2)

BW = .1;

nn = round(N10*BW);

ONES = ones(1, nn);

kk = N10 - 2*nn;

PadMat = [ ONES, zeros(1,kk), ONES ];

PFFT130 = FFT130.*PadMat;

PFFT175 = FFT175.*PadMat;

IFFT130 = ifft(PFFT130);

IFFT175 = ifft(PFFT175);

[M8 N8] = size(IFFT130) ;

[Max130 ind130] = max(IFFT130);

[Max175 ind175] = max(IFFT175);

************************** **** **** **** *** **** *

Resizing of the scan arrays and normalising

New130 = zeros(1,201);

New175 = zeros(1,201);

Xaxis10 = 1:1:201;

k1= 251;

for i = 1:1:201

if(i <= (101 - ( ind130 - 250)))

New130(1,i) = 0;

endif

if(i > (101 - ( ind130 - 250)))

New130(1,i) = IFFT130(k1);

k1 = k1+1;

endif

endfor

k2= 251;

for i = 1:1:201

if(i <= (101 - ( ind175 - 250)))
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New175(1,i) = 0;

endif

if(i > (101 - ( ind175 - 250)))

New175(1,i) = IFFT175(k2);

k2 = k2+1;

endif

endfor

%New130

%New175

phase130 = arg(New130(1,101));

phase175 = arg(New175(1,101));

amp130 = abs(New130(1,101));

amp175 = abs(New175(1,101));

ind = 102 - ( ind130 - 250) + orig_col;

for i = (102 - ( ind130 - 250)):1:201

if(i <= (102 - ( ind130 - 250) +orig_col))

phase_cur130= arg(New130(1,i)) - phase130 ;

abs_cur130 = abs(New130(1,i))/amp130 ;

re_cur130 = abs_cur130 * cos(phase_cur130);

im_cur130 = abs_cur130 * sin(phase_cur130);

cplx_cur130 = re_cur130 + j*im_cur130;

New130(1,i) = cplx_cur130;

endif

if(i > (102 - ( ind130 - 250) +orig_col))

New130(1,i) = 0 + 0*j;

endif

endfor

for i = (102 - ( ind175 - 250)):1:201

if(i <= (102 - ( ind175 - 250) +orig_col))

phase_cur175 = arg(New175(1,i)) - phase175;

abs_cur175 = abs(New175(1,i))/amp175 ;

re_cur175 = abs_cur175 * cos(phase_cur175);

im_cur175 = abs_cur175 * sin(phase_cur175);

cplx_cur175 = re_cur175 + j*im_cur175;

New175(1,i) = cplx_cur175;

endif

if(i > (102 - ( ind175 - 250) +orig_col))

New175(1,i) = 0 + 0*j;

endif
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endfor

%New130

***************Printing to File ****************

filename10="130.out";

filename11="175.out";

fp10 = fopen(filename10,"w");

fp11 = fopen(filename11,"w");

for m =1:1:201

fprintf(fp10,"%f %f \n",real(New130(1,m)),ima g(Ne w13 0(1, m)) );

fprintf(fp11,"%f %f \n",real(New175(1,m)),ima g(Ne w17 5(1, m)) );

endfor

fclose(fp10);

fclose(fp11);

endfunction

########################## #### #### #### ### #### #### #### ### #### #### #

function uptochar( lastchar, fp1 )

tmpchar = '';

while ( tmpchar != lastchar )

tmpchar = fgets(fp1,1);

endwhile

endfunction

########################## #### #### #### ### #### #### #### ### #### #### #

function uptostring( c1,c2, fp2 )

tt = 0;

while(tt == 0 )

uptochar( c1, fp2 );

tmpchar = fgets( fp2, 1);

if (tmpchar == c2 )

tt = 1;

endif

endwhile

endfunction

########################## #### #### #### ### #### #### #### ### #### #### ####

\subsection[\large{Final Analaysis}]{\large{\text bf{F ina l Analysis}}}

* Octave code that takes the output of initinal_holography

* and then computes the aperture distribution by using the

* direct Fourier Transform

function final_holography

filename20 = "intial_data_130.hol";
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filename21 = "initial_data_175.hol";

processed_data_130=zeros(1 8,20 1);

processed_data_175=zeros(1 8,20 1);

%****Sorting the raw-data into a single row matrix*********

fp20 = fopen(filename20,"r");

fp21 = fopen(filename21,"r");

[New130 stop] = fscanf(fp20,"%f",[1,Inf] );

[New175 stop] = fscanf(fp21,"%f",[1,Inf] );

fclose(fp20);

fclose(fp21);

%************************ **** **** *** **** **** **** *** **** ****

n=1

for k=1:1:18

for i=1:1:201

processed_data_130(k,i) = New130(1,n)+j*New130(1,n+ 1);

processed_data_175(k,i) = New175(1,n)+j*New175(1,n+ 1);

n=n+2;

endfor

endfor

% creating the mesh of the dish with 1 m accuracy.

xgrid_dish = zeros(1,61);

ygrid_dish = zeros(1,61);

delta =1;% distance in meters

delta

xgrid_dish(1,1) = -(30*delta);

ygrid_dish(1,1) = -(30*delta);

for i = 2:1:61

k = i - 1;

xgrid_dish(1,i) = xgrid_dish(1,k) + delta ;

ygrid_dish(1,i) = ygrid_dish(1,k) + delta ;

endfor

120000

xgrid_dish

ygrid_dish

zgrid_dish_130 = zeros(61,61); % creating the grid consisting the field-value

zgrid_dish_175 = zeros(61,61);

%**********************--- ---- ---- ---- --- ----

%******* Direct Fourier transform ***********

factor = 0.;

Lambda = 0.23438; % wavelength of observation in meters

FT_Tot_130 = 0.;

FT_Scan_130 = 0.;

FT_Tot_175 = 0.;
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FT_Scan_175 = 0.;

rad = pi/(180*60);

rad1 = pi/180;

delta_theta = 252./100; % tot. arcmin coverage / total points in a scan

Nscan = 18; % total no. of scans taken

delta_alpha = 180./Nscan;

for px = 1:1:61

%xgrid_dish(1,px)

for py = 1:1:61

FT_Tot_130 = 0.;

FT_Tot_175 = 0.;

% ygrid_dish(1,py)

sign = -1;

alpha = 0.;

for k = 1:1:Nscan

FT_Scan_130 = 0.;

FT_Scan_175 = 0.;

k;

theta = sign.*delta_theta.*50;

wx =1;

for i=1:2:201

i;

theta;

theta_x = theta*cos(alpha*rad1);

theta_y = theta*sin(alpha*rad1);

weightage=abs(delta_alpha *(th eta* del ta_t heta )* (rad1*rad*rad));

if(i==101)

weightage = abs((pi./4)*delta_theta *del ta_t heta *(r ad*r ad)/ Nsca n);

endif

w(1,wx) = weightage;

factor = exp(j*(2*pi)*((xgrid_dis h(1 ,px) .*th eta_ x*r ad)+ (ygr id_d ish( 1,p y).* thet a_y* rad ))/L ambd a);

FT_Scan_130 = FT_Scan_130+(processed_dat a_13 0(k, i). *wei ghta ge*f acto r);

FT_Scan_175 = FT_Scan_175+(processed_dat a_17 5(k, i). *wei ghta ge*f acto r);

theta = theta - sign*delta_theta;

wx = wx +1;

endfor

alpha = alpha + delta_alpha;

% difference in alpha for each scan than the previous

sign = - sign; % changing of sign due to the scanning technique
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FT_Tot_130 = FT_Tot_130 + FT_Scan_130;

FT_Tot_175 = FT_Tot_175 + FT_Scan_175;

endfor

zgrid_dish_130(px,py) = FT_Tot_130;

zgrid_dish_175(px,py) = FT_Tot_175;

endfor

endfor

zgrid_dish_130;

w

Xaxis=1:1:16;

figure(1);

contour(xgrid_dish,ygrid_d ish, abs( zgri d_d ish_ 130) );

figure(2);

mesh(xgrid_dish,ygrid_dish ,abs (zgr id_d ish _130 ));

IFF130=ifft2(zgrid_dish_13 0);

IF130=fftshift(IFF130);

figure(10);

mesh(xgrid_dish,ygrid_dish ,abs (IF1 30)) ;

figure(3);

contour(xgrid_dish,ygrid_d ish, abs( zgri d_d ish_ 175) );

figure(4);

mesh(xgrid_dish,ygrid_dish ,abs (zgr id_d ish _175 ));

figure(5);

contour(xgrid_dish,ygrid_d ish, arg( zgri d_d ish_ 130) );

figure(6);

mesh(xgrid_dish,ygrid_dish ,arg (zgr id_d ish _130 ));

figure(7);

contour(xgrid_dish,ygrid_d ish, arg( zgri d_d ish_ 175) );

figure(8);

mesh(xgrid_dish,ygrid_dish ,arg (zgr id_d ish _175 ));

figure(5)

%plot(Xaxis,abs(zgrid_dish _130 (1,: )),' r', abs( zgri d_di sh_ 175( 1,:) ),'b ');

%figure(6)

%plot(Xaxis,arg(zgrid_dish _130 (1,: )),' r', arg( zgri d_di sh_ 175( 1,:) ),'b ');

figure(11);

plot(w);

%endfunction

%***************Printing to File ****************
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filename20 = "final_data_130+175_C00:C 03. hol" ;

fp20 = fopen(filename20,"w");

for m =1:1:61

for n =1:1:61

fprintf(fp20,"%f %f %f %f \n",real(zgrid_dish_130(m, n)), imag(zgrid_dish_130(m,n)), rea l(zg rid_ dish _17 5(m, n)), imag(zgrid_dish_175(m,n)) );

endfor

endfor

fclose(fp20);

endfunction

%************************* **** **** **** *** **** **** **** *** **** **** **** **** *** **** **



BIBLIOGRAPHY 73

Bibliograph y

[1] A.Ric hard Thompson, James M.Moran and George W.Sw enson Jr: Interfer ometry

and Synthesis in R adio Astr onomy , John Wiley Sons. Inc, 2nd Edition(2001).

[2] K.Rohlfs and T.L.Wilson: T o ols of R adio Astr onomy , Springer-V erlag, 2nd Edi-

tion(1996).

[3] Ronald N.Bracew ell: The F ourier T r ansform and its Applic ations MacGra w-Hill Bo ok

Compan y , 2nd Edition(1986).

[4] Philip R.Bewington: Data R e duction and Err or A nalysis for the Physic al Scienc es ,

MacGra w-Hill Bo ok Compan y(1969).

[5] C.A. Balanis: A ntenna The ory - A nalysis and Design , John Wiley Sons (Asia) Pte

L TD.

[6] Max Born and Emil W olf: Principles of Optics , 6th Edition, Cam bridge Univ ersit y

Press(1980).

[7] John D.Kraus: R adio Astr onomy , 2nd Edition, Cygn us-Quasar Bo oks(1986).

[8] P .F.Scott and M.Ryle: A r apid metho d for me asuring the �gur e of a r adio telesc op e

r e
e ctor , Mon thly Notices of Ro y al Astronomical So ciet y(1977) V ol-178 , P ages: 539-

545.

[9] J.C.Bennett, A.P .Anderson, P eter A.McInnes and A.J.T.Whitak er: Micr owave Holo-

gr aphic Metr olo gy of L ar ge R e
e ctor A ntennas , IEEE T rans. An t. Prop.(1976) V ol-

AP-24, No-3 P ages- 295-303.

[10] D.Morris: Phase R etrieval in the R adio Holo gr aphy of R e
e ctor A ntennas and R adio

T elesc op es , IEEE T rans. An t. Prop.(1985), V ol- AP-33 pages 749-755.

[11] William L.P eters Surfac e Me asur ements of L ar ge A ntennas A t High A c cur acy ,

ha wk.iszf.irk.ru/URSI2002/GAabstracts/pap ers/p0964.p df

[12] E.Serab yn, T.G.Philips and C.R.Mason: Surfac e Figur e Me asur ements of R adio T ele-

sc op es with a She aring Interfer ometer ' Applied Optics(1991), v ol. 30, pages 1227-1241.


