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w i t h  a proje6-a eo maasurs the o p t i ~ a l  degt-ii3 o f  the atmosphere 

at 110 BRz usfag t h e  f *5  m radio te%esao.yja at the Bamaa Research 

Lnsti tu te ,  Bangaf ore, 

The rad2o %eles&ope has bean br31afZy de.msSbad in %he 

of opL&aal depth bas been dealt  viLh f n  %he second ~ h a p t e r .  

The fasults e$P ubsef.aaklooer done oa variaus days have beedn 

presented @fang with d h e  anzlXysfra praaadure, T.h9 aenilh 

opt ical  dapfh of %he atmoepbcrre was fouad to be betusen 0 -1 

and 0 . 3  bur$n$ the manZ5ilsaP boerwbesr'85 atW Janu;lzsy '$6 ,  





@adiation f r e m  orstem sparse sharx2d penstrate the earth$ 

atinoaph~re to be observe? at the groud level. Mot all 

sadWPon ~asnrobs the csarthk* s u s f ~ ~ e .  The atmosphere is 

opaque over most of 4hs eleot;rom;agnetfo lspe~trwa exaept in 

tva regiom referPed tu as " w2neBows The first w i n d o w  

oacurs in the vi.pa&bls ragiaa from 4M30 A a  to 8800 A@' sad %he b 

secand ia the  radie wave reg ion  f r o m  to 10 !n aa shhan 

in Fig, Z.l Tbfs limit has been ste% due ts t h e  rsf'lectriara 

sf t h e  iougar w a v e  lewth by *he ionosphere and absorption 

of t h e  sdorter wavelength in tlw afmospherio gases. However, 

, the, radJ,atZon @an be reoeivedl -ugh some onarrow w w l n d s w s ~  at 

rniLO&rneter and zEr&saread wavelsay~ths where the absasptlion due to 

Pig. 1.1 Opacity o f  t h e  atmosphere over the slectromagnetfo 
speo2;rum 



Both ligh4 and sad90 waves are sltroero-magnei3.e - - 
wave@ d;1L9Esr&ng anlty in t h e i r  uaveXength, or fg in  and pzlspa- 

Co~mtc,. 
g a t i o n .  Radio waves are gauerated by relathdstio e l e c t r u n  spirall- / 
Sqg fn h i g h  interste319x. magllle*ie f i e l d s  by a m e c h a n i s m  calfed 

and l i g h t  waves f r o m  matter oacur mcord3ng Co classicaX can-- 

cepta .  For. both radio snd vAsibls  waves. Planck'e blnok body 

formula, a iaa be applied t 



Zbweves, the  raffia fcrequ~sncy re&oa occurs at the a t r a l g M  

portion eo tlae r i g h t  o f  tbcs ~-naxilrra, af  each I ; ~ U ; P P ~  Pm Ffgr f -2 

where t &let BayZsigh: deans appsoxla atf on appXfrars 

Prom th% @~?8ph u& notficle that  tb 

$1 BnXy bodies  at higher t a m p r a e w e  e m f t  visibXe f aye 

r a d h  waves for bt~t bodeas and +doe remsa for cold bodies. 

%"he raolrsB nafabPe $JLf$Xweaee is the a b t l i t y  of radSawarrea~ 

t a  psneresaf e ~Jsznds because o f  *&ir wavtrlsagthh whfch f s greaier 

than t&e cXsud p&rEI@X.e s iaa ,  The radfo terltsrscctpe can recreive 

o3.gnal;ss fro@ grea&~r BAsarQaarsss than the spt4:al tele?scope on 

0 b  cs;ar~& surface. %pucsver, 2i3t; r e s a f a i i ~ ) n  o f  ~ptk@%& 

)zelssoapes was b s t t s a  because uf such shorter wstvaXsngith @I 

X$ghfc. % imprave fhe r e s o l u % f o n  a* rad3.o wavelengths, 

bn4e~feroms?erdt: m c a Q W s  were de~ceXopw3 aad new a days 

resalut&an aE" %ha srder  of r n i l Z i  arc% seconds fs a b t m f  wd 

uaiqg Y&BI (very  iang Basef ina Sntsr~ierotnstq) which is 

sevasat o r d ~ r s  OP magnitude bet tsr""'all:B~a tthasa obta3ned w i t h  

A s;xadbo teLsscape in its sfrnp1es-S: form oons%s%a af t h r e e  

parts 2 

% 5 - )  antsarzg t h a t  se%ealfwrss%y c s o X L e c . 6 ; ~  radf a.ll;fon fraat a 

%if a radism@*ric receiver, referred %s as a r a d h m e t s f  

%hait aslpliffas a ses$sictsd Pmquemy barrd f r o m  th+ 



a~tptat afi the antenna piad 

irif) a computer that re&isLess .enad rrsaorda the radioseter 

The georw triaaa property of t h e  parabola eneures a%& waves 

fa l l%= on it to be brought ta focus  af a point .  Every 
g&h&Y-QJ 

nnteana bas the f o l l a w A n g  airnracter.%rrt;ieris. k 
a) Input Impedreoo% r The iaped2-e eppsaring af b ta  input  

Permen +a it: is coupled to a transsai&%er 

The? sense of polarisatfon that S% reaeiues 

or radiates in every d i r e c t i o n .  lhis m a y  be linear. 

circular or ePl ip t i sa2 .  

c) Badlatias pattern8 Radiation pattern is a plot  of t b s  

aotaoaa radiated power as a funcbfon of direaf ioa ( %%&-ere 

E i g d )  A good directiooal antenna radiatas most of 

f t s  energy Pa one d l r e o t d o n  w i t h  the 

beam width  datemined by Cbe siae of the antenna esnd the 

wavelength of radiation.  Weaker eecoril ary m a x i r a a  in at her 

d )  G a i n  or diraot iv i ty  r The radiated power the direction 

cf the main beam relative to w h a t  would be radiated by rul 

ieotropia antenna in that  diredtiorr. 



e) Effective ool leot ing area 4, It ie the rat io  of 

%hip pa we^ V fn the, ksrmfnat&ng frapsdeaere to thta flax 

P of th ino%&ent N ~ X P & ~  

beaa wld%k. "She haw wPdeh 

8 = x/3 
where h is %be? waivellengtltr sf" the faciaeat wave, and B 

tba diameter af the anal~snna* i n ~ r e a s s i a g  the dfiunetetr wot13.4 

Qrrls of tka antenna aC tb Rmnn Resstaamh Snsdftuer, ha* 

and eXevat&rte, One csf 12s a x i s  4s pasalleel I&o the &a@al 

vertiacsab and mot ioas  about ft ohangs the azimuth of $ha antenna. 

Tbe azfntu.t;h caan be varied f r o m  - 9a0 tir, 2TQU and the erlevatSart 

fsom 43" t~ 9go *.. A n  air bearing a3ebs the movement mk" the9 

tklascope a b o ~  the etzimudkr. The ~ n t e n n e  supporkad By sjlx 

M r C d  S ~ C L  + ~ C S  
h e n  FW~S rests @a a tt igbly pt3Pirskad aranuLar granite sur f~ tca  

snakSag coutaat a$ three peirxts, The shoes of' t h i s  tr;kpald 

are hal lox  chisbere.  When air .uadar pres sore (l.5 kg/og ) 

passed Ante the ohamber, afs @&capes f r o m  the gees beneaeb 
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t h e  tabow8 c~nd: dxwates i 5 ~  p r e ~ a u r e  gradient*  Tbia slIfPts the 

aerial by about 5 to ~~/-abova t h e  granite suriaaa and 

the anteana can bs v e ~ y  s a e i l y  msved w e s  f $ s  air-cuahfon, 
c o a v e n t i o n a C  

The aPr bew&np; fs an i,tarprovement avfsr baXl beariw~. Tba /i 
laere banic ah9sepbLy i e i  csns&dsrab% y sintpX;lfilad and t; he mo tisn 

receiver by meem sf a qurmsf-opt5aal Maam wave guide system, 

Gince it is fmposaibts to p h e e  a Bulky reeeivarlf. at $he prima 

focus, a secondary r a ~ l e c  tor, (a hmerbolid )is p1ac.d at the 

pxlgnre faaus*  This  reflecacds the waves on to Four plane 
i ; 

metallic mirrors Nx to W4 ine l inad  at 45O wbioh f i n a l l y  focus 

*he r a d f  e t i o n  kntcr the receiver plaaad on the ~rlound.  f ~ a f e r  

f o c u s  
P&g, 3 *& .i~oadle % s.rpp;tdsxS arran&emaent 

for the 1.5 m Rac!io t e lescope  



Tbia arkawemen% ia similar to Coude focus used in optical 

tabeas@iopess The m&n advantagas of Ch%s arrraqem~nt is $ha% 

%be p o s i t i o n  of %-he Pb@us d e w  t ~ l a t  sbange w i t h  a z h u t b  and 

k . 3  Beaaiver 

Tho purpose of the reeeivar f s to @@lee% and a t g p P i f y  

%be w s &  sfgma1 raeeived by *be antenna and provide ian 

autpat sigasZ %o a d & g i t a l  recorder or other  p r o ~ e s s f n g  unPts. 

gharaatesistSizs nf  t h e  input e9gnaX i s  &f psime iaprtance- 

The radio reoeivater' 9s A n  many respso$% s*tmiltar to *he one nsed 

;inmdle and % e f e u f s i o n  seats. xt; LSB extreme31y s e n s f  tAvs and 

s%abl*. The raqufpewents af a s e n s i t i v e  reaefvar w e  (23 the 

ra4So componan%s should #st t r h ~ m ~ r ~ 2 ~ ~ 1 ~  generate tau much naise, 

(&A)  t h e  dnpa* stnon2d have a wfde ban@ width ,  f 5 f ~ )  tha outpue 

A afmplifiad black diagram of a reeefver* a2oag with the 

signax atd spee$~m at each 18age f s shown A n  the f-me X.5 

The lacddane r%iqastX oons3@Cs of noise wkiieh ha8 a bread 

spectrue. A barnpaas +ilter allows only a band i' frsqueochL*& 

@entered absu& the signal Pr%guency fo $e paas It;ht.omh it. 
7 '  t " ?  

Thks s i g n a l  Ps then nsfilcsd with t h e  output of a low& oscilXatzpr 

at flo whiob shifts, the  bar& doun to an iotsrmediats freqrrency 

i 
, Tha fntsrrnediate frequenoy sign& wCz%eb has the same 



A typical  i t s  frequency 
/ F i g .  1.5 / ~ a d i o  recsivar w i t h  s i g n e l  and apectruar st e a c h  stage 



&peo&raT aad ka%saskty iemform&t%on as t h e  orAgSnal band fs 

a ~ t  by efraudt arrangements with arn sveral3 S i m a  constaat 

f greater than &. The cesultaot i s  re lat ive ly  a ooastant 

as Zndslcatssd fa thie reulehe;r outpait meter* This autpuk sig;na& 

Xn t R s  ~eaeSver used W% th  the Jxg ra antenaa (gofer FQg. 

Prrayu@wy band 10-400 HI% , whfah 3,s *ban amapltifisd, detwtcsd, 

Bigftlaed ant! t b a  passad aa %a the computer for recordiug, 



P i g .  1.6 B l ~ o r  diagram of the m i L l i e s t r e  wave reoe&ver 
at R*R*X* 



Tba aunrpueer As the masher control syste;cns 33 nod only  

xlse@~c8s and analyses d a b  but ~ X s o  cantsals t b  mavment ~f 

A m i n i  aoctlput;er %%I Xu23 Ps used far ooatroltlAng t k s  

1 4  m l"e1csscapaa a t  X3,R.X. 





whsf@ T i. th. aotmrta temperature. Tg ttr. sol l lrs  tsaperature. A .  

T a ~ m  the mesa atnsospka~a tmbf eat tgntpsraeuss sP t& atmasphase 

2aeident bright'wana b;eattparaQtwo af the s a m e  for a transparen* 

sZ tbe value or t. i s  ef  p a a t  $mpartawe Zn r d i o  astronomye 

c, SLG z e. t 4 ~  

*ere Z. la the: opecf ty bar the aeaith and Z the ssnith 

angle. bt the eaaith th. path $ravelled by the ray is minimrr aod 

henee opaoity i s  minf io la  aad & Go. At asnlth englss greatar than 

L F O ,  %be ray travels a grsatQr diatanee snd hsaoe opscity fmreaes: 



With increaeiag 8,  i n i t i a l l y  TA iacreases rapidly and 

than saturates,  Acoounting fop any stsay rsd la t ion  and 

A t  IfQ QBz, the frerqtoeney of operaa2iton c l f  tbr; 1.5 m 

t&&eseape, fhe  radfo wawes are stmagly i n f l u e n c e d  by resonant 

absarptAon p~opsrties of the oxygen molecule which has a 

a f q l e  i ss lated af ne a t  228,73 Qfaz an$ the water l~ t s l e~a le  

wbieh  bas a much stranger pressure bmndezlned Zfne a P  183 GB,? 

Where 3.e the ebsorptioo ~ o - e f f i c i e o t  end is a f m o t i o n  

of t h s  presswe,  ~ l e m p e ~ t u l o  and dercsity of the rrbsurbing 

subetanco, 331a v a l m e  absorption casPf Zcf eat bas uni%s sf 

km-' and optieaL d e p t h  is a dtmeasionless quantity erpraseed 

in decibzes ( Top trs base If3 ) ar nepers { log to bas@& ) 

Tbe oxygen sgpsctfal, l i n e s  are due ko the magnetfc 

dipaze transif iona . Though these  transitions are Issa i n t e n s e  

than eleotric d i p o l e  t r a n s i t i o n s  the oxygen t rans i t ian  produces . 3 
'I 



guf %le ~ S I  tretng atm~aphae~Pa zpbssrp&ioa because sf the large 

The water vapovr rpeotrurn is due to the rnagn@tic dip@&@ 

Ye. * 

&2?y j A *  (2) ) LJ [ /  t * u 1 6 r i  # 
2.29 

3 t G , 3  7 



Xn a%% t h e m  o a l c u l a t % ~ n s  P i s  tbe pressum in md, 

T t h e  tamperators  i n  1C. , P tha w a t e r  vapour d e n s i t y  in 

#g/rn3 . t h e  transsition frequency in Oiiz and t h e  



I 

A simpZ3te Jtwa Xayer made2 of" the atmasphere as above in 

F i g ,  2 ,2  can be assd to caloal  &e c aver a ha&ght af 8 kma 

above the srrnPasa s f  %be ear th  beyorpd w M c b  the abandance of 

O2 aad vapourie almost nsgllgible. Over the first layer 

oomplete abaame o f  rarer vapour fs assu~ad and ky for O2 

is oaloulated. CWer the seaond layer i3 for both oxygen aild 

w a t e r  rapoar is calculated. aver the first and second 

layers far oxygen g3vas iZh1 and 4, for water  vapour &a the 

aecond layer gives cha0, Z . F  Z @.- ' "*&O 

,C~,L~ ~ J ~ ~ i A ~ M i y  
The estimation of t in *hi% way is h&@bly~depeadent on 

, > - 

t h e  a t m o s p b s r i ~  model chosen arKI. could be i n  error b y  as much 

as 58 9 far the simpZe t w a  layap s o d e f  desarib@d abwe There- 

fore aa el%perfmetpt al approach was adopted for d~&ssB3&ning the 



~ t ~ q  ~ a d f l t  s0tzrm3t~ f s  gresem8. T$& ~ e a d i n g s  for vasf.ous 
1 < '  

: e s n i 2 8  awles efkber i a  stapa mf 5 ar IQ dagress afs  

A Paugh eetima$e t o f  Z,aaa be mads by uts2ng trtrree 

read in*  and YTO, at ~ e n i t h  aagles 0" , boo , and 

L- 

T h i s  gives o n l y  c+i rough a s t i m a t c r  of Z became %he 

-, ,-,, points involved i n  the : @ a X c u l a t i o n  are 



Y' f a r  all data point s  2 erad ie pXatted as a P u n ~ B i o n  Z The 

a function of Z e Itk ~ohtgparSson of the t w o  plats  gAtas ths 

vaZus of to. This  proeedurs was repeated by ncmg9~mting the 
r 

venftte of aod ooasideri9g )/be it=mteade 

A cesfnputer prrtgram T'Rg E'TN-wns wrifiten to obta in  the 

8, %.S, of equaeion t h e  ua2nss of" Z, rnag2tl.g from 0.10 

/PSJ' 
Obsewatf@ors w e r e  madie lla $he non*tk of f3ecembe$ and 

/9S6 
Jaauarv Isas sstim&ted For these dara goin"?d using t h e  

I;abtxPate;d &a Table 3.* Tha value  e,f =,fa thc?Emonths was 

faand %s vary between 0 . l  and 0.3 w h i c h  corresponds to a 

%nit& apacitg a+ Q-4342 to 1.302 di3 r 
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Ear a gfvsri set af? data po in t s ,  there was a X9rge BAS- 

@repanay Batwean the va3,ues aP Zc ~btained by oonsideriw 

k and try neg lec t ing  1 Tbia could be because of the 
K* 

stray radiatfcain Exlorn the marby trees and buildirsgs which 9s 

AXSQ* the: Pit for the  dafa lpoiats is not satisfactosy, 

me pass ibf l i . f ;y  that an iacczr~ec& fune&hn bas becan aetrwed 

is rt;r'led out as thesra eao,uatJians are based 

which I s  w e l l .  6$stabflisbsd. This deviation may bs d u e  to two 

reasarm r 

1) Tha stray raAPat ion  i s  n o t  a coastant,  b u t  a f a n e  t i o n  

af eli.levnt5on, As a result t h e  data i s  c6rf~p&edalXi 

no longer foJLLou,s t h ~  sfrnp3.e exponential  f uplctfon. 

The errors involved in the sohema QP amlys9s chascn 

~o~l fPd  not  be csampated Psr lack of %Am@, 
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Z ~ n i t h  BZeceives 37, - Y, R*&B (2.37) Yg - & , ~ ~ ~ ( 2 . 3 7 )  

anrr(ik243 out pu* T~~ - 5 5  - .I& 
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Aoteana Temperature TA r 

is Zhe tempsss*wre of a passive 

aa%work whfah in t h e  ifrsquency Band a has a mean available k 
.no ise  power due Lo t h e  shernar agitation equal to the avalla- 

bJ.a power at t b a  aerial  L e r m i n a r Z ,  

The antenna temper~tlure has cantrfbut ione Prom ( 5 )  t h e  

antenaa femperaturo of t h e  source % (3-2) t b e  antenna 

temperature TyvG attributed to the radio backgrouad on which 

the aauree is, mceaetmred ( i f i )  Power lreccaived by t h e  antenna 

Earam autside i t s  prSaasy beam i s * ,  due $0 fmrn side Babes - 

predueted in the ar&mnsghere - T a t r u  " 

&am width ? 

is defic lgd as the awl@ betweem the d i r r s a t i o n  

corresponding to haff the  naximam + s e n s i t i v i t y .  

Far a soupee d%strflbuted over Lhe sky, t i m e  

~ f s a m g t b  is ramaswed by. b r i g h t n e s s  

where .-A'S i s  t h e  tstaJt f l u x  rebelowl in the  isallid angle 

of t h e  Cane whose v e r t 2 ~  i s  at tho r e ~ e i v i n f ~  p o i n t .  



X% 6s %ha tt;eaperatws of the blaek body for whieh eha 
wRi& is 

brightness of t h e  thermal radiation would equal that l (actual ly  

Where T 3s %he brightness temperature, 

i a  defbnedi a the ratio of the m a x i m u m  .radiat&on inten- 

sk&y from tb& ssource undoxu csns iderat&on to t h e  r a d h 4 f o n  

dntenaity Prom an reoeropic source radiafiw t h e  same power. 
a 

tbroogb en area A A  in time AT 67 >> then the FLUX 

dens i ty  S is grwen by 
*kr 

Gains 

is darffned as tb@ rat io  of the m a x i m u m  radfa8ion i n t e n -  

sPty  from t h e  subject antenna to the rad ia t fon  S n t e w i t y  f r a m  

aa isotraipic sourae w i t h  the srclurce power inpfae- 15 is the 



%ncreese A n  power w e  &ecreive bar t h e  beam as earnpared wPCh 

en &maginary aeriar hav ing  the same s e n s i t i v i 4 y  3n aEX 





B = EXP (-a) 

o (a) 3 (SB) / 8 .  



Estbod@ of experimeataL Phyeics, V o l e  U, Part Be 
Radio %Issoopes 

Ojteal? slkp aBr~ttrsgsltoz*%o errais~~foa msaaaurattentsr at 
IPrequtanc?&es of 23, 95, &ZQ, 123 and 150 4)Bs 

3.  J.S. Hey  

4, Pawsay and Bracawell 
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