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ABSTRACT

Presented in this report is the work done in-ﬁconnecticn:
with a project to measure the optical depth of the atmosphere

at 110 GHz using the 1.5 m radio telescope at the Raman Research

Institute, Bangalore.

The radio telescope has been briefly described in the

first chapter, The theoretical and experimental detérminatiOn

of optical depth has been dealt with in the second chapter.
The results éf observations done on various days have been
presented along with the analysis procedure. The zehith

optical depth of the atmosphere was found to be between 0.1

~and 0.3 during the monthseof Kbéember'85 and January 86.



CHAPTER 1

© THE RADIO TELESCOPE



1.1 INTRODUCTION

| Radiatinn framlouter‘épaee gboéld penetrate the earths
gtmggpbg?e to Sé abseﬁ?qg“at th§ ggpupdv1eve1,v”Nbgva;;’;# 
' radigtion reaches the eaﬁﬁﬁ%‘ surfaces Tha‘atmasphere is -
’ a?gqué‘nvervmesﬁl9f tﬁe‘eléet:omag#etiqlQpecffhm'éxeept iﬁ
twe;fegions rsferreg‘éo'35 ",uin@ews‘2}' Tﬁé‘f;rst window
occurs in the visibls 'mgian‘-ffbin*&ma* 4° to 8000 A and the ¢

seeond 1n the radio wave region from 10 2 toyla m as shown

©dn F1g. 1.1 Th:s limit has been set due to the reflection
of the loﬁger wave length by the idnosphere‘and absorption

v éf #aé éﬁaftér vavélenggﬁ in ihé atﬁbééheric:gééeé. ‘3GWéver,
the radiation ﬁaﬁ be‘reeeivedixmnugh(ébmg narrow "windows" at
‘millimeter‘gndlinfrarad wavelengths where the absorption due to

atmospheric gases is small.
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Pig. 1.1 Opacity of the atmosphere over the electromagnetic
s pec trum



Both 1ight and radio waves are élactrn-magnetic S oree
waves difi‘ering only in thair wav;elength, origin and propa-
-gaticn.;cgl:;io waves are geaerated by relatwi.stxa a}.ectran spirali-
ing in higb interate}.lar magnetic fields by a mechanism called
synchrotron radiation., In addition, taemal emission of radio
and light waves frow matter oecur according to classical con-.

cepts. For both radia and visible wavas, Planck's black body

formula can be appliad.
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However, the radio fréqueney reglon occurs at the straighﬁ
portion to the right erthe max ima of each eu#ve in Fig. 1.2
where the Rayleigh: Jeans approximation applies |

,, __"J aé’i!/?. _ (‘,,/,3)

From thae graph we notice that
1) Only bodies at higher temperature emit visible rays
'2)  The intensity of light waves emitted is greater than

radio waves for hot bodies and vice versa for cold badieé.

The most notable difference is the ability of radiowaves
to penetfate clouds because of their wavelength which is greater
than the cloud particle size. The radic telescope can receive
signals from greater distances than the optical telescope on
the earth%* surface. However, the resoluiion of optical
telescope% wasg §etter because of such shorter waveleugth of
11&&&.' To improve the resolutien at radio wavelengths,
1nterf@rnma£rie methods were developed and mow a dﬁys
resolution éf the order of milli are secounds is obtained
using VLBI (Very long Baseline Interferometry) which is
several orders of magnitude better”tHan ‘those obtained with

the best optical telescopes.

A radio telescope in its simﬁiast form consists of three
parts |
i) the antenna that selectively collects radiation from a
small region of the sky |
| i1) a radiometriec rqpaivﬁr, iefeﬁred to as a radiometer

that amplifies a restiieted frequency band from the



‘éutput of the an#anﬁa and
1ii) a computer that registers and records the radiometer

'éutpﬁﬁiu

1.2 Antenuna

The antenna s a refleetor u%ually parabnloid ia shape.
The geametri¢a1 prcperty of the parabala ansurea all waves
falling on it to be broaght to focus at a’point. Every

, Feneral _‘
antenna has the fal10wia%K0hara¢teristies.

a) Input Iﬁpedgeneej Tﬁe‘impedlance appearing at its input

termin dsls when it ié coupled to =& tfanémitter

b) Polariséti@n: The senée of polarisation tﬁat it receives
ﬁr radiates in every diréction. This may be linear, |
eiréulér or elliptiéal;

c) ‘ﬁaaiatiaa pattern: Radiation pattern is a plot of the
antenna radiated power as a function of direction ( Refer .
Eig.-1.3) A good directional antenna radiates most of
its energy in one ﬁiraotiun with the éngu1ar width or
beam width determined by the size of the antenna and the
wavelength of radiation. Weakar second ary maxima in other
direatians are called side lobes.

d) Gain or directivity: The radiated power in the direetion
of the main bea& relative to wﬁat‘wQuld be radiated by an

isotropic antenna in that direction.



e) Effective collecting area A4, ¢ It is the ratioc of
the power W in the terminating impedence to the flux
P of the incident wave. |

A= W/ P A @,,2{)

o

A good direetienal antéenna is one which has a smaller

beam width. The beam width

0 - .)ch Qj‘22>)

whers A is the wavelength of the incident wave and D
the dismeter of the amtanﬁa; Thﬂs iocreasiag the diameter wouid
deeraaaekfbe beamywidth, ﬁawever, building a véry large
steerable antenna without any sﬁrface irvegularities presents

an engineering problem.

One of the éntenﬂé at the Raman Research Institute has
a diameter of 1.5 m. The azimuth elevation mounting or faz-al!
mounting enables the antenna to wmove both along the azimuth
and elevation., One of its axis is paraliel to the local
vertical and motions about it change the azimuth of the anteunna.
The @zimuth can be varied from - 90° to 2%6” aéd the'elgvaﬁian
from 0o té 9§°;ﬁ ﬁn air bearing aids the movement of the

telescope along the azimuth. The antenna suépﬂrtad by six

m:[o( .S/'QGL fk.éf—.s

iron reds rests on a highly polished annular granite surface
making contact at three points. The shoes of this tripoid

v , ‘ 2
are hollow chambers. When air under pres sure (1.5 kg/cm )

is bassed inte the chawmber,; air escapes frem the Jets bensath
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the shoes and creates a pressure gradient. This 1lifts the
‘aerial by sbout 5 to 10 /“_‘Mabova the granijke surface and
the antenna can be very easily moved over its air-cushion.

. ' ' convenhional '
' The air bearing is an improvement avar/(ball bearings. The
mechanicsal aéaegmbly is considerably simplified and the motion

of the antenaa is smooth a_ad,frictioulgss .
radio

The /waves received by the anterm‘a 'ar@b’m}ught it‘a the
receiver by means of é gunsi-optical besm wave gulde system,
Since it dis impossible to place a bulky receiver at the prime
focus, a secondery reflector,(a hyperbolid Jis placed at the
prime foecus. This reflects the waves on to four plane
metallie mirrors M, to M, 1nelin§dﬁ ‘at 45° which finally focus
the radiation into the receiver placed on the ground. {(Refer

Figure 1.%) "4""'56;0»\010\1‘7 ch{w/m’
‘Hﬂdie Waves {/rpm, 5&7
‘55,: -8 m primary 'nﬂwm

,‘ M,}QB > \H)ﬂ_

H / i
/4 - Ha
k4
Rec&tva‘f focus

Fig. 1.h4 Coude's spticei arrangement
for the 1.5 m Radio telescope



This arfangement is similar to Coude facns used in eptical
telescopes. The main advantage of this arrangement is that
the.paéition of the Pecus daas'not change with azimuth and

elevation movement of the telesccpe.

1.3 Receiver

The ppr§ose of the receiver is to sslect and amplify
the weak signal received by the antenna and to provide an
output signal to a digitallreeerder or other processing units.
The mecurate reproduction of the amplitude and spectral
characteristics of the 1nputkaigaa1 is of prime importance.
The radio receiver is in many respects similar to the one used
inmdio and television sets. It is extremely sensztive and
stable. The requirements of a sensitive receiver are (i) the
radio comganeﬂts should not thewmselves geﬁerate too much noise,
(i1) the input should have a wide band width, (iii) the outpat

should be mveraged over as long a time as possible.

A simplified block diagram of a receiver alqng with the
signal and spectrum at each stage is shown in the figure 1.5.
The incident signal eongisis of noise which hasdg br§ad
spectrum. A4 bandpass filter allows only a:bﬂn?/frequanéfﬁ&im
centered aboug the signal freqaancy' f to pass thrbugh it,

- This smgnal is then mixed with tha Sgtput of a loecal eoscillator

at £, which shifts, the bani down to an intermediate frequency

10
'fi‘ . ‘The intermediate frequency signsal which has the same
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spectral andliatensity infarmétibn as the original band is
than.amgxifieﬁg The signal is° further rectified to produce
an unidirectional r&sultaaﬁ.. The sigunal is furthef smoothed
out by eircuitvarrangaM$nts witﬁ an overall time constant

1 graatér than }Q%,. The resultant is relat;vely a ccnstant
as iodicated in tﬁe receiver output meter. This quggut signoal

- goes to the output recording device.

In the receiver used with the 1.5 m antenna {Refer Fig.
1.6 } 110 GHz radio signal is first converted to an inter -
- mediate fraqﬁeucy of 1.4 GHz by beating it with a 1oéa1
oscillator signal at 111.4 GHz in a mixer. The 1.4 Giz
signal-is further down canverﬁe& to a zmq.I.F. signal in the
freguency Eand 1.0-4500 ﬁﬂ% , which is then amplifieé,‘detegteé,

digitized and then passed on to the computer for recording.
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1.4 Computer

. The computer is the master control system. It not ouly
reabrds and analyses data but alse controls the movement of

the anfénna’aﬁd helps in tracking radio sources.

A mini cempéter‘hﬁl 11/23 is used far-abnﬁrclling-the~~'~"~

1.5 m Telescope at R.R.I.



CHAPTER 2

OPTICAL DEPTH THEORY AND MEASURENENT

14
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2.1 Infreduetion

The propagation of radie waﬁes thraugh}tbeAearth‘s'aﬁmﬁs:
‘phere is smgnirxcantly affeeted by abaorption and re-cmission
»by atmanpheri@ gascs.‘ As a:result the antanna temperature
recorded at tbe talesaope is not equal to the source temperature
and is‘givan by - : .
where T is the antenna temperature, T the source temperature,
T;t the mean atmosphara ambient tamperature nf the atmanphere
and T the aptiaal depth of the atmasyh&re or the npacity of the
atmaaphnra to radio wavas. THE GPTIGAL.EmmﬁMQ Z I5 A MEASURE
OF THE TRANSPARENCY OF THE EARTH'S ATMOSPHERE TO RADIO HA?ES :
COMING FROM OUTER SPACE. A | |
For, CT-= O. 5 Tp-= 7
The observed brightness tempurature at the antenna is the
1neiﬂent brightness temparaturn of tha source for a transparent
atmnaphara.
F}r) = B zk = 7§An
The abaérved‘brightnass taﬁparature is thﬁ temperature of
'ihn atmoéphéra far'aﬁ opague atmosphere. Therafarg, an estimate

T

of the value of T is of great importance in radio astruncmy.
z, = CQSCLZ é!-’,)
‘Where tg 1a the opaoity for the zenith and Z the zenith

angle. At the zenith the path travelled by the.ray is minimnm and
hence opacity is minimum and‘é:=cb. At zenith angles greater than

zero, the ray travels a grestér distance and hence opacity inereasg



--In the absemce of a source, Tg = 0
- N -~ Te Stk ,
‘n = bpn (" - e ) (< 18)
With increasing 2, initially TA increases rapidly and
then saturates.  Aecoﬂntiug for any stray radiation and
receiver noilse, the above equation reduces to

e D ‘ = Lo Sec 2
— . 7 — . ° ’ ) ,2«/.
],Q - :lSi-R 7 - A / c‘ “

w?ere Tétﬁ‘?a epuatant. +

2.2 Theoretical calculation

At 110 GH%, the frequancy'af aperatian of the 1.5 m
telescope, the radio wawves are strongly influenced by resonant
abserption properties of the éxfgen molecule which has a
-eingle isolated line at 118.75 @ﬁz and the water molecule

whiech has a much stronger pressure broadened line at 183 GHz

£ S
z, - f £ (2) dE. @-4‘)

¥here é;is the abserption co-efficient and is a function

{Refer Fig. 2.1)

of the pressure, ﬁemp@rature and density of  the absorbing
substance. The volnmé ahSarptiﬁn coefficient bhas units of
km-l'and dptical depth is a dimensionless quantity expressed

in decibles { log to base 10 ) or nepers { log to basece )
1N, =10 6’17;.,6"

The oxygeﬂ spectial lines are due fo thé-magnetic.
dipole transitions. Though these transitions are less intense

than electric dipole transitionsjthe oxygen transition prﬁduees

~
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quite strong atmospheric ahaor:}tinn because of the large

abundance of ouxygen in the atmnsphere.

- 2.p62 k,(uu)/"“'
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The water vapour spectrum is due to the magnetié‘dipibﬂae
transitions botiweeu rotational states of the molecule.
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In all these calculations P is the pressure in b,

T the temperature in K , P the water vapour density in
3

g/u . 1?13 the transition frequency in GHz and Qi the

fregquency of the initial level.

103‘

2 | A ' 0,
16 _ f ‘ Hro Hyo

. o
ZeniTH
orncityY
(&)
0~/
___.-Ov
lp~? < s
50 loo /50 200 25° 200

tREéquency (& 4z)

i‘"‘ig. 2.1 | /]’{M,osf/xffm ﬁéioff;/é“ 0; M/fcmcjrc, [\/Ol\iﬁé
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F‘ng 2.2 Model of the atmosphere

A simple two layer model of the atmasﬁphere as above in~
B‘ig.’ 2.2 con be used to calcul gte T, 6ve:’r a. height of 8 kms
above the surface of the earth beyond which the abundance of
©,

complete absence of water vapour is assumed and kv for 02

and ﬁza vapour is almost negligible. Over the first layer

is eslculated, Over the second laver é,, for both oxygeu and
water vapour is ealculatsd. ég over the first and second

layers for oxygen gives Z,  and /«4.,5 for water vapour in the

o7

3 p Y = Za Z‘. I~ C .
second layerf‘gmxefs - /?‘,Lo' e, T Ha o

Comp lex andd cribia

The estimation of T, in this way is higbly/dapendent on
- it
the atmospheriec model chosen am} could be in error by as mueh
as 50 ",& for the simple twe layer model described above. There-

fore an experimental appfoach was adopted for determining the

value of & .,



2.3 Experimental Determination

The amﬁenﬁa is fixed at a pax:*ktie'ui_ar azimuth ivhara

'na radia sa‘ume‘ is present. The readings for variocus

¢ 4

| fzeﬂltﬁ auglea eith v in steps of 5 or 10 degrees afe

nbtaimed. Tbe data is obtained from the computer controlled
radio telescope by specifying the e~zimuth and the interval

over which the altitude iz varied.

A raugh estimate of Z,can be made by using three

readings )/ ;a » and /., at zenith angles 0° » 60§ , and
70° .
T - G : o
Ve have , Y, oL T+ Ly, Ci-e”%) (2.31)
A | -l .22
)/ o< }&rs L ?;J-M [/ - < _ , (") )

y?a zt.—f.s AN (/’f’ Cc) , @39

o T -3%e — 2Ty
5ub+~s‘mv{‘w? @33) /fam (J*s'&) s )éé.— );_o = é!-m (@‘ - < Cj){{gﬁ

Sebhnclag (8 from #20, yog =7, (e &)
.Dlwo«éwj é"«?ﬁ) 5] (“2'?(?) | X’ - Z;o | To

This gives only a rough estimate of Z. because the

e . o . moints involved in the ealcoulation are
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only three. Any error in’am of theereadings therefore
‘eould seriously affect the results. Incorporating the

same idea but using all the data points we get

| | — Ty Sac S - Co SeoE
>%;:,Z§f - < - . —(=23%)
%‘\s”%f* - Co Senld ¥ -totee 55
. | . -

; The 191:‘{ hand side of egquation (2.3 7 ) is aal#ulated‘
for éll data points%«! and 1= plettedvas a fanction 2 . The
R.H.5, is evainated for various values of =z, and plotted as
a function af Z « A comparison of the two plots gives the

value of T, . This procedure was repeated by neglecting the

value of Y and considering )  instead.
55" | ' e |

A computer program TAUFIN-was written to obtain the

R.H.3. of equation F for the values of T. ranoging from 0.10

to 0.79.

2.4 Results and discussion

/953" |
Observatious were made in the monthg of E)ecember}‘ and
1356 : i e
-Januar;;/t(s.» Zz, was estimated for these data points using the

5

ST .

method suggested in Section 2.3. The results have been
tabulated in Table 1. The wvalue of Z, in theesmonths was
found to vary between 0.1 and Q.j which corresponds to a

Zenith opacity of 0.4342 to 1.302 dB .
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For a given set of data points, there was a large dis-

erepancy batween the vaiues of Zo obtained by considering
2@( and by neglectlng )’ This could be because of the
stray radiation from the naarby trees and buildings which is
Ze antenpoa.

picked ug/%t lower elevations.

Also, the fit‘fnr the data points is not séfiSfactdry.
‘The passibillty that an inecorrect function has been assumed

e fr;p\_c.a/,&

is ruled out as these enuatlnns are based ongadiativa tranafer

which is well established. This deviation may be due to two

- Yeasons.,

1) The stray radiation is not a constant, but a function
of elevation. As a result the data is careiptedand

no longer follows the simple expanential‘function.

2) Tnadequate method of analysis.
_ v

The errors involved in the scheme of analysis chosen

could nét be eompnted for lack of tima.
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TABLE I . _
Observation ' ' Galculation .
Zenith = Receiver Y, ~ Y., R.H.S (2.3?) ¥ Y R.H.5 (2.’
angle = outpnt -{,L—Y-;é- L ¥ 2z yl - ¢ 37)
S . . 85"15 10“-‘ !19 ) 8 - 5 —tﬁ‘a + 10
~19th  85° 3.2177 1.00060 1.0000 - =
Dec. B8O° 341188 JT7054 6869 - 1,0080 1,00800
85 75° 3.0432 4800 4820 6804 6544
70° 3.0008 = .3527 <3496 <5000 4571
65° 2.9553 .2181 +2590 - .3092 .3310
60° 2.5357 .1600 L1942 .2268 2442
55° 2,.9150 .0984% L1889 . .1391 L1816
50° 2.9040 L0654 .1091 .0927 L1347
hge - 2.8955 L0400 0805 0567 0987
hoo 2.8894 . 0218 0580 L0309 0707
3§° 2 .8857 .0109 -~ .0hoi .0154 .0488
za° 2.8820 0.0 - 0.0063 0.0076
15° 2.8820 0.0 0.0 0.0 0.0
to = ‘30 ' tﬂ = 024
21st 85%°  3.2885 - 1.0000 1.0800 - -
Dec. 80° 3.2617 «9233 : <7921 1.0800 1.0000
85 75° 3.1823 6968 .5980 JT547 +7266
| B {: Ad 3.1079 - J4BA3 4522 5245 5378
60° - 3.028% .2578 2627 2792 <3047
55° 3.0017 «1811 .2001 .1962 .2304
50¢  2.9821 1254 .1511 .1358 1731
45% 2.9675 L0816 .1123 .0905 +1281
ho® 2.9589 .0592 . L0813 0641 0925
35° 2.9541 LOh52 . L0566 0490 0640
30° 2.9467 0243 ,0367 0264 L0416
25° ' 2.9443 017k .0211 L0188 .0239
20° 2,9382 : o 0090 0 0.01038

15° 2.9382 0 o . o 0




24

@wmmﬁémwwan u v Caleoculation
Ny L R.H.S (2.37) Y2 - Y5 mous {2.37
Zenith Recelver R o tdn -37)
,wsﬁww output .ﬂc = 27 . w.mm = wu,w ‘ﬁw = .23
26th 85°  3.1933 - 1.0000 1..0000 - -
Dec.  80® 3.1274 . 7882 7664 1.,0000 1.0600
85 75° 3.0651y 5882 5679 Th62 «7217
70° 3.0139 4235 2248 WB373 . 5317
mu0 M.qum lu,ﬂwww oumunﬂw luwue . , lww.ﬂw
60°  2.9482 2156 2438 : 2695 23003
55° 2.9285% T .1h90 .1850 , .1890 .2268
- 5p° 2.9187 1176 W 1394 1h92 .1702
45  2.917h .1137 1034 <1442 .1259
hoe 2.9089 o 0862 L0748 . 1094 0909
35° 2.9003 0588 0519 D746 0630
30° 2.8930 ‘ .0352 0337 LOhh7 .04O8
- 25° 2.8833 _ .0039. .0193 <0049 - .0234
20° 2.8808 0039 0082 . L0049 T 0099
15° 2 .8820 D.0 0.0 0.0 0.0
€ = 29 €, = .22
27th 85° 3.2116 - - 1.0000 1.0000 - L -
Dec. 80° 3.1616 8333 .7838 1.0000 1.0000
85 B 4 3.0908 <5975 .5881 7170 . 7168
- 70° 3.0456 471 4431 5366 « 5260
60° 2.9895 +2601 «2564 «3121 «2959
559 2.9724 L2032 .1951 2839 2232
500 2.957T . L1544 L1472 .1853 L1674
_ k5® 2.9485 : .1138 .1093 #1365 L1237
35° 2.9345 0772 . <0550 0926 .0618
30% 2.9284 0569 0357 - 0682 - 0412
25°  2.9223' : 0365 «0205 ~0439 .0230
20° 2.9150 . 0036 0087 0146 0098

15¢ 2.8113 = = 0.0 . 0.0 , 0.0 0.0
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Observation : Calculation
Zenith Receiver Yz - Yix RS (2.37) Y, - Y, R.d.5(2.37)
angle | output Ygg = Y35 E = 22 Ygo = Y45 T/ = 16
28th 85% = 3.1701 1. OQOO 1.0800 - o _
Dec. 80° 3.115 7531 L7185 - 1.0080 1.0000
85 75°  3.0578 = .5306 5150 JTORT - 46863
709 5.0175  .3622 .3780 4797 4917
65%  2.9956 2704 .2822 .3581 «3616
66" 2 '9??2 - l95é 12 12 6&:5.* i 0256? ‘2 696
55¢ 2,9638 <1377 1604 «1824 .2019
50% 2,9565 . . J1071 . .1202 . 1418 .1506
5 2.9492 0765 .0889 .1013 .1109
40* - 2,9487 L0663 0641 L0878 0797
. 35% 2.9882 0306  JO4b4 0405 20581
- 30%° 2.9357 0204 0288 ; 0270 . «0356
25% 2.9370 L0255 D159 , 0337 0204
2@°“ o o2.9321 - L0051 0068 ! L0067 . <0085
<, = ) LI _ € = .1
30tn’ 85° ' 3.2019 1.000 1.000 - -
Dec. B80°% 3.1237 6751 6298 1.000° 1.000
85  75° 3.0761 A771 N ¥ 4 S . J7067 6554
51 3.0285 #2791 «3024 <4135 4571
659 3.008%3 .1827 L2213 «2706 <3210
- 60° 2.9870 1066 <164k - .1578 2442
- 559 2.9797 . <0761 .1228 .1127 +1816
- 50° . 2.9748 ~ .0558 091 .0827 JI34T
ERTLE 2.9724 - 0456 0672 0676 -0987
ho® 2.9699 «0353 0483 . +0523 0707
35 ‘2.9785 0710 +0333 .1052 0488
30° 2.9663 +0203 0215 03007 = .0315
25%° '2.9663 L0203 .0123 .0300  «0 18

i5 b ‘ 2 0961&2 00 .0 0.0 . 0.0
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' 7fObservation | Calcul ation

Zenith Receiver Y, - ¥,, R.H.S (2.37) Y, - Y,. R.H.5 (2.37)

. Z : Z 1
31st 85° 3.1982 1.0000 1.00@0 - -
Bec. B0®.  3.0957 .6956 B687 1.0000 1.00Q0
85 75¢ 3.0261 4891 4596 »7031 6544
70° 2.,9809 42957 .3306 «5150 4571
65° 2.9467 2536 2438 3645 «3310
60° 2.9246 .1884%4 .1821 2708 C W2442
55¢ 2.9077 1376 - (1365 +1579 .1816
hse  2,.8881 0797 0751 1145 0987
40° 2.8820 0615 0540 , 0885 0707
35 2.8771 0471 L0373 P L0677 . JOUB88
30° 2.8696 0253 .0242 0365 ‘ .0315
L. 25°  2.,8710 20289 0138 0416 0180
20¢ 2.8698 0253 0059 0364 0076
150 2:86@3 0.0 ‘ 8.0 ‘ : 0.0 0&0
? + =.14 € = .14
[+ - ©
2nd = 85° 3.0480 1.0000 ~ 1.0000 - -
Jan. © BO® 2.9418 670k 6298 1.0000 1.0000
86 . 7w5e 2.8759 4659 b257 6949 <6758
70° 2.8308 C W3257 «3024 4838 4802
65° = 2,7929 +2083 2213 3107 <3513
60° 2.7758 1533 L16%4 . eR316 . L2611
55 had 2 . 762# ’ #1135 . 1228 . 169&‘ - 195{}
.50¢ R.7575 . #0984 0914 1468 J1i52
ke 2.7514  .07%3 L0672 , 1186 .. »1067
bo® | 2,73%2 L0416 L0433 0621 0767
35% 2.7392 LOoh16 0333 0621 0529
30° 2.7331 0227 0215 L0264 0342
20° 2.7307 0151 0052 0225 ¢0383
4 ! G :

15  2.7258 o .0
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Observation )

3alculatién

Zenith Receiver

| E.H.s‘(2;j7)

2 1

Y, - Y ﬁ;ﬁ.s 72;1
5 (2.37)

. );QGG—‘ 1{

angle output * = 24 1?8@‘—' YIS ' €, = .18
' 85°  3.2141 1*9060 1.000 - -
80° 3.1420 7838 »7384 1.000 1.000
75° 3.0651 5531 +5366 .7056 16966
70% 2.9992 +3553 + 3368 532 <5032
65% 2.9736 «2783 2977 <3551 <3718
60° 2.9687 L2637 2250 .3364 2783

- 55° 209&55. ' .l?%l 01?62 . .2&76 .2@89‘

. 50° 2.9235 .1282 «1278 1635 <1561
&50 '.2?1?& n‘®98 pﬂgﬁs tlhﬁl i1151
‘hoe 2.9077 L0805 0683 . 1028 .0828
35 2.9040 L0695 OUTh OB8T +0573
30° 2.8857 0146 0376 0186 L0371
259 2,8845 109 L0176 .0140 .0212
20° 2,8820 0036 20075 00k46 0090
15° 2 .8808 0 .0000 - 0.0 0.0 0.0
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Antenna Temperature TA %
is the temperature of a passive
network which in the frequency band,o% has a mean available
‘noise power due to the thermal agitation egual to the availa-

ble power at the aerial terminal.

?hevantenna temperature has contributions from {i} the
antenna temperature of the source T, (ii) the anteuna
temperature TE.G attributed to the radio background ou which
the source is measured (iii} Power received by the antenna
from outside its primary beam ie., due to from side lobes ~

{iv) the antemna temperature caused by the radiation

Ts.L _

produced in the atmosphere - T atm "
- - 7 T o 1)
/,q‘ = /5 * IE‘G T oso atm (

Beam width:
is defined as the angle between the direction

correspanding to half the maximum. sensitivity,

Brightnessa:
For a sourece distributed over the sky, the

strength is measured by brightress

:b = /me, &S buu“’S m--ZA Hz." 6{'-' :l Jem..sé? 4S¥—' @)

Al S0 &

where A4S is the total flux received in the solid angle

of the econe whose vértﬁ&:is at the receiving point.
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Brightuness Temperature @

It is the temperature of the black body for which the
‘ . ' wk"t‘/{k l. s
brightness of the thermal radiation would equal that[actually

observed ., ' ' L
T . kT (3)

-

(,L

Where T is the brightness temperature,
Birectivity:

is defined a8 the ratio of the maximum radiation inten~
sity from the source under consideration to the radiation

intensity from an isotropic source radiating the same power.
’ i :
For an lossless Zisotropic antenna, directivity/ia cuae; wen ““

Mok &9_9'&'0‘— AOW /wﬁm::’q
b= Ao e / A
“VU’? " gacleofon P f%h?

Fiux density 3

| ié the measure éf.tha strength of é”diédﬁete.saurca.
Ifr o& is the enmergy in the fréquency range af flowing
through an ares AA in time aT , 4739;L.; then the flux

e

density 5  is given by‘-

AE - S ahap aT Tensky )

Gains
is definéd_as the ratio of the maximum radiation inten-
sity from the subject antenna to the radiation inteusity from

an isotropic source with the saurce power input. It is the
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increase in power we receive in the beam as compared with-
‘”an‘imaginary aerial having the same sensitivity in all

direetions.

¢. 4D O
kv 4»«67@ M %WM
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b 8

10

- PROGRAM TO CALCULATE R.H.S. OF EQUATION 2.37 FOR

VALUES OF TAU = 0.10 T0 0.79

DIMENSION ¢ (17)

REAL NZ

»I

it

0.01745329

Do 10 VI = 1.7F
P =1I/10.

PO 1w J =1, 10
PP = (J-1.) / 100,

T =P ¢ PP

PRINT * , *TAD

Q T £0s: (15. #* PI)

i

1’QQ = T /C08 {35. * PI)
X = EXP (=]}

Y = EXP (-QQ)

'z = x-7T

D0 11 N= 3, 17

NZ = N * 5,

A = T/ Cos (NZ % PI)

B = EXP (-a)

¢ (N) = (X-B) / 2.

CONTINUE

PRINT # , (C(NN), NN = 3,17)
CONTINUE

STOP

END
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