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PREFACE

SiDe. the dlacov.1:Y of the layers reflecti. electro

magnetic waves in the earth's high atmosphere. their physical

characn:.7:1aeics such as virtual heights and critical frequencS...

have Men extensively investigated by means of ground basecl

equipments. Artificial earth satellites made it possible to

study the topside of the ionosphere and the radiations reachl.

the earth's atmosphere from outside sources.

Space Research staned in India in 1962 under the

auspice. of the INCOSPAR. whose Chairman Is Professor Vikr_

Sarabhal. with the establishment of a Microlock satellite

tracking station at Ahmedabad and the organisation of an

equatorial Rocket launching station at Thumba. When NASA and.

NRL decided to orbit satellltes with real time transmis.ions

and telemetry. the Physical Research Laboratory. Ahmedabad

mad. ItDlledlate arrangements for the reception of satellite

sianalsso as to obtain as much information about the upper

atmosphere as possible.

The thesis embodies the results of the author'. work.

on the tracking and recording of lJo1al"ised radio waveS transmi1:tecl

by RASA heaeon sat.ellit.es and on the Faraclay 1"01:81:ioo analysis
,

of the s.Celllte signals received at ebe Physical Research

Labora1:01:Y. The receiving system was set up by the author in ehe
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Hlcrolock atation. The data collected have been analysed tnd

8cuclled 80 as to de1:antn. the to1:a1 electron content variationa.

The boctomeida iOftOpoUlS taken at the time8 of satellite

transits have been subjected to true height analysis and the

variations of topside and bot1:omside e1eetron contents have

been compaad. The present study has thrown some light on the

diurnal and seasonal variations of total electron content t

topside electron content, bottomside electron content and

maxi1llUlll electron density over Ahmedabad, which is situated at G..

.... latitude, where maximum F2 peak ionisation occurs.

The role of sporadic E 10nisatlon in producing

sate1.1ite signal scintillations has not been very clear. In

the pre.ent investigation, an empirical relationship between

scintillation depth and fxE. has been found. The relationship

between 'the ratio of 20 MHz depth to 40 MHz depth and ExE. has

also been determined. Good correlation has been found between

scintillation rate and fxEs •

The variations of total electron content and the

equivalent slab thickness of the ionosphere upto 100() km with

10.1 em aolar flux and with magnetic activity have alilo been

ahC1lecl. It: haa been found that the total electron content and

tbe equivalent slab thickness increase linearly with 801ar flux.

•
Bes:l.des maintaining the beacon satellite trackiDg

syat_. the scaling. c01llputation and analysis of the Faraday
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rota1:ioa and s.tel11te s1pal scintillation data were dono by

1:be au'tho'll th1"Ouput tbe peJ:lod of inv••t1aation.
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The lo.apb.ae pi..,.•• Vd'Y lllpOftant pac In Jradlo .....

.....e.tloft and it 18 .8aen~1a1 to study the bebavtO\ft' of d1e

load... l.,..r8 of the upper atmoapheh. A study of tbe phyelcal

p....... Ceking place in t.he 100000sphere is complicated by the

fMC that ,he phyaical conditions prevailing then Ce.nftOC be

....al,. duplicated and studied 10 ebe la'boratoaoy. P01:' _ample.

the p.asun at 300 ka ie of the order of 10·'_ of HI and the

_leou1__an f1:ee path 18 tn the vicinity of 10 b. It ta

11lltP08atble to provide a te8t cl'uImber 1111'1e compeTed wtch 'the 'IJe8Il

fne p.h and Ie is alao dlfflc:u1t:to duplicate 1n the labo"acoq

&he 0..,1_ fiuxea of ndlam: energy which an constantly pn_.e

in 'the iODOsphen. The advant.•• of S'OCket and satellite • boftMt

lan.-.... for Ionospheric measurementa s'tand out very cl...rly.

The nc:ke' Is capable of exploriftl within a few mi.nut••• Oro8•

..cloD. .f the atmosphere thJ:OU8h It larae height rlJ\Dle. Satelllt..

•• ,anloularly uaefu1 to study coadS.tiona over a lug. paft of

Cbe ...phere within a abort Int8"&1 of tl_ and concil'lUe t.his.
f•• 10Da period. Below about. 200 b the lif••t.1_ of ••'teilleea

1teeo•• too short co be of v~ue ·for long tet:m acu41••• Fo'l"

.,..1.... requiring lona duraelon. leopapbtcal cov....... end

• wide r_ of altltu4es. 'the eateliite cannot be ..cc~.
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The domain of science now dertving mose benefi t from
1;

artificial satellites is atmospheric Physics and Solar Terrestrial

Relationahip$.The sun which emits radiation over a whole spectrum

of vaval.naths from X-rays to radio waves and clouds of ionised

matte1." (Plasma), largely cont1.·ols the processes taking place in

the atmosphere. Some of these radiations from the sun are absorbed

at different levels in the atmosphere and do not reach the ground.

Satellites can sample the radiation directly and analyse the

chanaing properties of the upper atmosphere as they respond to

the changing fluxes of radiation. In addition to these. an

artificial satellite can also be used as a source emitting radio

wavea at desired frequencies. This type of satellite is very

useful for the study of radio wave propagation at different

levels in the atmosphere. The present study summarises the results

of an integrated study of the electron content of the iODOsphere

over Ahmedabad (720 36' I, 23°01' N) during 1964-67. the ionosphere

below the F2 peak being studied from vertical ionosonde data and

the topside from the observations of the Faraday rotation of

polarised radio waves transmitted by the American satellites,

Explorer 22 and Explorer 27.

The study of the bottomside of the ionosphere started

in 1902, when Kennelly and Heaviside independently suggested that

the propagation of radio waves from England to America. round the

spherical earth could ~ .. -e.ftplaine"d by reflection from an ionised

layer in the uPI.H~r atmosphere. Ionospheric refle.ct:1.on of radio

waves was first sl~wn to occur by using continuous wave trans

missions. The introduction of group retardation method. using
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short pulses of waves. revealed very graphically the way in which.
~

ionisation is distributed in height. This method is now employed

on a world wide scale. This method however does not enable us to

8tudy the topside of the ionosphere. In the year 1957. the first

.'&"tifledal satellite (Sputnik I) was launched by the U.S.S.R. and

radio signals which were transmitted by it were received at ground

"ationa. This event opened up the new field of upper atmospheric

stuelies.

1.2 Basic princiEles involved in using artificial satellites

for ionospheric studies

Artificial satellites used for ionospheric studies can
,

b. classified into three categories : (i) Direct measurement

.ate11ites, (il) Topside sounder satellites and (ili) Beacon

••te111tes. Direct measurement satellites take measurements in

the vicinity of the space-cra.ft and relay the information (either

continuously or on command from the earth) in a coded form with

the help of a suita.ble telemetry system. The carr.ier waves

containing the information are received at ground-based tracking

.tations and the information 1s decoded to find the changes in

solar radiation or in ionospheric parameters in the vicinity of

the satellite. By means of topside sounding satellites it is

possible to study the ionospheric region between the satellite

and the level of maximum- electron density. In this case. the

satellite carries an ionospheric sounder. which can probe the

ionosphere from above by means of a swept: frequenc:y or spot



.
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frequency pulse trans1l1teer. By having an ionosonde in tM
~

sat.ellite it: 1s possible to probe the ionosphere over a l;"rge

ranle of latitude with. the same equipment. Beacon satellites

are uaec1 for the study of some of the properties of the intervening

space between the satellite and the earth from the propqation

effecta on the satellite signals as they traverse the ionosphere.

The lnfomation obtained from thi!l type of satellites is used for

the investigation presented in this thesis.

The early $2tel.lite experimenters made use of the

telemetry transmitters which were on board the Sputnik and Cosmos

aeries of satellites launched by the U.S.S.R. Tl~ Russian satellites
v

have telemetrycransm!ssions in the region of 20 :t'IHz. Such trans-

me.ions from Sputnik I. Sputnik III and other such earliest

satellltes were used by many ionospheric: workers for propagation

studie.. Using 20 MHz and 40 MHz frequencies transmitted by

Sputnik II satellite, the Royal Aircraft Establishment in U.K.

(1957) obtained valuable data. Since then. many reports have been

published on the determination of total electron content in th.

ionosphere by means of Faraday rotation of t.he plane of polarisation

of radio waves. A general 'Survey of work done in this field will

'be eeken up in a later Chapter.

1.3 Methods of stuc1ying the ionosphere u_in, beacon

~ran_m1ssions from Satellites

The charecteristics of radio waves that can be used fo¥'

studying the ionosphere are (a) Amplitude and f1:equency, (b)
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d1rection of anival and (0) polarisation. We shall take ~hes.
\p

up one by one and see how they can be used for ionospherU: studt.•••

(.) Amplitude and lreCfU!!19Y of the radio waves

The measured amplitude of signal depends oft many factors

which cannot be separated easily and hence the absolute measurement

of the amplitude of satellite signals cannot be put to good use.

Vas.y (1960. 1961) made some interesting proposals for meuurlll8

the ab.orp~lon of satellite signals. This was based on compariaa

the signal amplitude for vertical and oblique transmissions

throuah the absorbing medium. One assumes the ionosphere to be

constant for III few hundred kilo meters around the observing

point. If the absorption per unit length is 'K'. the received

signal strength (neglecting antenna effects) would be

I • (~) up (. Sv..ds). Where A is a eonstant, 'd t Is the dtst.tU'lCe

tt) 'the satellite and 'ds' i8 an element of path length. One can

write dB - db Sec 1 where db is the element of height end 'I'

is the local angle of incidence. For i <. 45° the equation can

be approximated by

where I. is the average angle of i~idenc. lnside the absorbing

pan of 1.be ionosphere. Log Ed - Log A • See i a 5Kdh. A pl~,t of

LoS Ed qa1nst Sec i a should give a straight line fromwhieb,~ne

could determine the total vertical absorption of the ionosphe1:'e

by measuring its slope. Unfortunately, it 1s found to be difficult

to eliminate altogether the antenna effects.
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Kazantzev (1959) used another interesting approach to
r.~

measure the absorption of 20 'Me/s satellite signals. He determines

the mean value of received field strength. as a function of

.ub....atellite distance for a number of transits. When comparina

the mean variations of field strength for high transits with

tho.e in which the satellite passed balow the F layer, he finda

a systematic difference. whic.h is due to absorption in the F

1&1.1." itself. This statistical procedure does average the r layer

absorption over different times of day.

Changes in the frequenc)r of radio W!lVe transmitted by

satellites can also be ueed for studying the ionosphere. When a

radio wave of frequency f 1. emitted from a moving tranSltlitter,

propagates through the ionosphere it will have its Doppler shift

slllhtly altered from the free-space value as a result of dispersion

in the medium. This alteration in Doppler shift is very small and

can beat be detected by comparative measurements on two t~anam1tter

frequencies f\ and f h which are ha.rmonically related 1.e. f 1 and

'2 • mfl - The frequency beat between '1 and fh/m, called

differential Doppler, 1s proportional to the total electron

content (In dh) if the motion of the vehicle is parallel to the

stratification. \;rhen the vehicle moves along the ray path, the

beat frequency will giva information about the local electron

denait:y.

(b) The directions of arrival of sat.ellite silnala have

been measured in elevation and bearing to an accuracy of about 1°

Titheridge (1961) made use of the an.gle of anival of radio waVes
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emitted by satellites to measure the electron density between
"I!

the satellite and the level of maximum ionisation. For this, be

used those satellites whose heights were below the height of

maxi.. electron density. By measuring the elevation angles of

sipals from satellites well above the altitude of maximum

ionisation, Titheridge (1964) also calculated the total electron

content and the scale height of the upper part of the F layer.

Alpert (1958) measured accurately the times of appearance

and disappearance of a radio signal from e satellite. For various

assumed shapes of the upper ionosphere he calculated the radio-ri••

and ..adio-set times of the satellite, as caused by refraction

effect.s. The comparison with measured effects enabled him to

choos. t.he shape that would fit the observations best. Knowing

the shape of the ionosphere which gave the most satisfactory

qnement With the observed results. the total electron cont.ent

was calculated.

(0) The principle of F~ra.day rotation of rs_dio waves has

heen e:xt~ns!vely used for studying the ionosphere. The present

thesis embodies the results of measurements m&de at Ahmedabad

using the technique of Faraday rot.st1on of the plane of polarisation

of radio waves, transmitted by the beacon satellites launched by

NMA. (N.atlonal Aeronautics and Spaee Agency), U.S.A.

All the four characteristics of the flate11i te signal

(amplitude, frequency. polarisation and direction) undergo smooth

slow vartation, which is clue to the geometry of the satellite

pass. SOJIIetimes. however, one can notice an additional fast
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variation of the recorded amplitude. These are due to

irregularities in the structure of the ionosphere. Such

scintillations in the amplitude of satellite signals have alao

been l1lVestigated and the results are embodied in the theais.

1.4 Scope of the thesis

During the International Quiet Sun Year (IQSY, 1964-65),

the U.S.A. planned to launch an Ionosphere beacon satellite with

real ti_ transmissions speeially meant for ionospheric studies.

On 10th OCtober 1964 the first ionosphere beacon satelllte (Explorer

22 or 8-66) was put into orbit. Later, on 29 April, 1965 one more

similar satellite (Explorer 27) was launched by the U.S.A. More

than 20 countries have been taking part in this research programme.

As part of the Indian space research programme, satellite

stucly of t.he ionosphere by the Faraday rotation technique was

staned at the Physical Research Laboratory. Ahmedabad. Tracking

of Explorer 22 and 27 satellites was started on 20th oetober, 1964

and 1st May, 1965 respectively.

In the last few years a large amount of data haa been

published concerning the variation of electron content in middle

latitudes e.g. Garriott (1960), Little and Lawrence (1960), Yeh

and Swenson (1961) and others. These studies have been based on

Masurem.ents of radio waves from beacon satellites as they pass

through the ionosphere. Relat!vely. there are only a few reports

(Somaya.1ulu et al 1964; Ramakrishnan, 1966; and Somayajulu and

Tubi Ram Tyagi, 1966) on the electron content variations over low
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latitude stations. It is the purpose of this study to preSl,ent
~.

\~he results of a series of Faraday rot4tion measurements made

at Ahmedabad. which is a low latitude station within the geoaapet:ic

anomaly sone. It is a well known fact that the maxiDlU1ll elect:~n

density in the F2 layer increases as we go from the magnetic

equator towards midc:lle latitudes. Ahmedabad 1s situated at the

latitwle where the maximum F2 peak. ionisation occurs. This is an

unique position in this region for ionospheric studies. Satellt~.

trackina facilities have been provided here for studying the

total electron content variations. The Faraday fading. are

Teoorded at 20 HHz, 40 MHz and 41 MHz frequencies. transmitted

by the two satellites. The method of calculating the difference

in the angles of Faraday rotation of 40 MHz and 41 MHz (d..il. )

has been described by Shirke nnd HAm.:'Jkrishnan (1966). Using these

differences, the total electron content upt:o the satellite heiaht

has been ealcl'l1ated, Earlier investigators made use of tt single

frequency for determining the total Faraday rotation angle (..t1- ).

or the change in the angle of Faraday x'otation as the satellite

moved from one point to another. In the former method, it 1s

necesS&1iY to find the point where the Faraday rotation becomes

zero. In the latter method, it is necessary to assume tha.t there

is no horizontal. gradient in the total electron content. The method

used in the present analysis does not have tbese draw-backs. For

low l ..tt~ude stations d -0... can be evaluated even 1f the point of

zero Faraday rotation is not seen on the record. In the case of

middle and high latitude stations, the method advocated by Little

(unpublished) may be used for evaluating d..D-
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In Chapter II, the theory of Faraday rotation and the
1

different methods of determining the total electron content have

been described. The method of calculation adopted at .Ahmedabad

has also been explained. In Chapter III, the details of exper11D81\tal

aet-up for recording the satellite signals have been described.

In. Chapter IV, the results of diurnal and seasonal variations of

electron content, the maximum electron density and height of

maximum electron density have been given in detail. In Chapter V,

the electron content and equivalent slab thickness v8rl&t101Ul .

dsociated with solar activity and magnetic activity have been

s1Ndled.

Since the early vertical sounding observations of

Booker and Wells in 1938, the irregular variations of the ionosphere

have been a subject of continued interest. In 1946 renewed inter.at

wasgelle'l'ated when the intensity of the radiation from radio 8tars

v.. obaerved to fluctuate (Hey et al 1946). Later, back-seattel:

soundings (Peterson, 1955), Whistler mode propagation (Helli

Well et a1, 1956), satellite radio signals (Slee, 1958), and

rocket soundings (Calvert et al, 1963) indicated the existence

of irregularities. But it has not been possible to study the

effect of E region irregruarltles in producing satellite signal

seintillat:!.ons in the absence of F scatter till now. Ramaltrishnan

(1966) reported the observation that there were occasions when

there was sporadic E but no F scatter and that on such occasions

there was good correlation between scintillation depths _durad

at 20 MHz and 40 MHz and the maximum. frequency of sporadic E\1ayel:
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as measured e.t Ahmedabad. Results of further analysis are
1

included in the thesis. While there have been a few report.

connecting radio star scintillations with the occurrence of

sporadic E ion13ation (Bolton, 1958; and Duena, 1955) the

relationahip between scintillation depths end critical frequency

of sporadic E ha.d not been investlg~ted. In the present investi

gation an mnplrlcal relationship between scintillation depths

and the maximum frequency of sporadic E (f~"E5) has been found.

An empirical relationship between the ratio of 20 MHz8CintillatloD.

depth to 40 MHz scintillation depth and f E has also been
x 5

4e'termlned.

At Illinois, 'tt middle la.titude station, Yeh and Swenson

(1964) have reported that the boundary of scintillation moves

...thwll1ld as magnetic e,Ctiv1ty increase•• In the present 81:uely,

it baa b.en found that the scintillaeion boundary n\Oves nonhwarc:l

nth i_wease In aqnet:lc aetivt:ey. In Chapter VI, all the ..t\l.u1t.8

.f .acelilte signal scintillations aTe liven 1n some 4e~al1.
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CHAPTER II

FARADAY BOTATION

2.1 Theon of Farada,y rotation

When a linearly polarised electromagnetic wave pas•••

t~gh an ionised medium i t8 phase veloelty ls lncreased ahove

the velocity of light. This is due to the induced movement of

free electrons in the medium. If there is a magnetic field also

pnsent. the mere complicated induced movement of the free

electrons has an effect of rotating the plane of polarisation

aroun4 the direction of propegation.

(1)::: 1 -
2

~o

Appleton, Hareree end Lassen have calculated the effects

on a wa.. traversing a magneto-ionic medium. In the preset'll: work.

ebe siapltfied fom of the refractive index M. • which neglecta

001l1aiou. anel which assumes quasi-longitudinal propalat:ioD will

" WI. for clerivtng an expression for the 'ara<1ay rotat.ion anale.

2.
fa

f (f + f Cos '6)
I-l

= 1-
f (f - f (as -e )

H

Where '0 Is the entical frequency of Ue mecli_ f the frequency

of the wave, fa the gyroaagnetle frequency. 8 is the angle bel:w.~
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(3)

(4)

:; 1 -
2. (£2. + ff Cos it)

H

2.

~ = 1 _ f o
)C. 2. ( ±2. _ f f C05 B)

H

the wave normal and the direction of the maanet.ic fi.ld. The
J

frequencie. (f) used for this experlment are 40.010 Me/_ lAnd 41.010

Me/a, which are very high compared to IH- They are hlab compand

to the cdclcal fnquaacy (1
0

) alao. UDC1e1: die.. condietona,

eQUdt._ (1) and (2) can be Vd.t.t:eD ..

£2. ,
o

(5)

st._ the pl.... fnqueacy ia '1."opol'tlOftal Co ehe aqua.....

not .f eleetron cleutty.• equat.ion (5) can 'be nletea tn , ..

• f .leecro8 d....ley.. GYJrO f.quency alao can 'be writ1:_ 111 , ..

of 1M .....'lc ft.e1d. If ': • 1t1 It (where n Is ebe el ...

denal.y). equation (5) can be written a.

Ph... v.locl.ty 18 defined .. 0/~ when c ta e_
vel_ICy .f l1aht tn VACUO. The tl.. taken by a wave eft81: h

cnvene • length d • in the magneeo-lonlc _41_ la, Cheftfon.

dr :: (J;./c) ds (7)

The difference in dle tilDe_ of pusas. of the two

componeata Is. . therefore:
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T - T ::: i \ (I, -)u ) dSo x C J 1'"'0 X
(8)

The phall. differ... b.t.....n the two oppositely Totatlas

ott.'OUla:r CompolleRt8 is :

(9)

Th. spatial rotation of the plane of polaft...t_ (-n...)

t. equal to half the pbaa. cilffeS'enoe.

Therefore (10)

Combining (8) and (10)

JL =: TIef J(po - )1x) ds
s

(11)

(12)

Sub.tituti.... the value of (~o--~x) from equ.attoa (6)

in aquatioll (11), .

-= K \11] Cos B d5
fc- J

5

This, is the basic simplified equation fOf: the 'I'OCatioft

of the plane of polarisation of a linearly polari.ed elec'tro

Wlpetle vave as it pa88•• through the ionosphere. 'It Call be seen

that 'the rotation anile 18 inversely proportional to the aquan

of the fJ:equency ..

If ds • db sec X (db Is an element of tha vertical

heiaht and X is the angle between the vertical and. ray)

equation (12) becomes
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2.f
j B Cos B- 5t~c J n dh
o

(13)

Strictly speaking, an average value of B cos e sec X

in the 'ray path bas to be taken for the calculation of-.rL. •

But G_rrt..t:t (1963) has fOUftQ that l't Is 8uffl12lent to take the

value of a C08 e see X at a height, which Is above tbe helpt

of maxf,aum electron dena!t1 by about 50 1cm. Equation (13) can

then b. vd.tten as

K /
2. (:13 Cos G Sec:f..)

f

h
Son dh
o

(14)

The .econd factor within the bracket8 ciepen.da on the clt'reetion

of the aeomagnetic field, the intesral Is the total e1eet'l'On

coateDt In the ionosphere 1n a venical column of unit C'I'08S

seet1on.

As the satellite moves across the sky the geometrical

term changes considerably an.d the integrated electron content

alao van.s slightly. The effect of this is that the polarisation

angle, as measured at a receiver on the earth, will vary With

ti.. as the satellite moves. When receiving on a linear antenna,

for inatance a horizontal dipole. a periodic fading will be

recorded vlth minima corresponding to the time8 when the

polansation plane of the incoming wave Is at right e:nglea to the

plane formed by the rece1ving antenna and the direction of the

ray. An actual example of an amplitude record of a beacon

satellite signal 1s shown in Fig.2.1.
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Fig.2.1 An example of a record showing Faraday fading of
satellite signals. Quasi transverse (QT) region can

also be seen on the record.
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From equation (14) it can be seen that by finding the

flotu 1:01:ation angle (..n.. ) experimentally and by calcu1atl,. the

....etlo field factor (B Cos 8 Sec X. ). the total electron content

(Rr) can b. determined. In practice It i. a_rally not po••lbl.

to MUU7le the total anale of zotatlon. Inatead., the rat. of

.....t&Clon aad the llUIIIber of coaaplete ntationa 'between 'two pol.••

on tbe o..bl. t can be detendlled. In the follOWing paa••, 'the

tiff.nat. ..thode of determinina the total electron content vill

be cteacn:tbed.

Methods of detendnation of !r hz -!f!!!'!Ua If

'araday rot.tloft "all{!

(a)

(b)

(0)

The metbods can be grouped in~ 3 oat.lOri.. t.

Single frequertey method..

Multiple frequency methods and

Closely spaced frequency method.

Sinal. frequency method

If there 18 only one frequency avallabl. 1ft 1'.be .atelliC.,

I.1'. 1. nec••sary to make use of the total anal. of _tatlOft (....n-)

to oalou1ate the total electron content. Unfo1:turaately, uncleI'

typioal conditions ...D- amounts to maDY complete revolutions so

chat the integral in equation (14) cannot 'be detem1ne4

ua_biguoualy. However, if the ionosphere Is assumed to ha". no

bon.ontal gradients and if the satellite is above most of the
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electrons in the ionosphere. then itt db will be the aame for

any path. Consider the aatellite to move from point 1 to point 2.

The differenee -fL 1 - -ILL is the differential rotation of the

.leotnc vector seen by the observer during this interval. The

e1_t7:0n content can then be determined unambiguouly as

_fL 1- --Q 2.
----.--,-

M1 - M2.

'2..
f
K

(15)

The method is called the differential rotatlon method.

11'1 t.his method. it is necessary to neglect the horizontal

gradients in the ionosphere. The method was used at the time

when s.tellltes were transmittlng at one frequency only.

2.1.2 !!Ultiple frequency method

By haVing anotber frequency which is a higher multiple

of the lower frequency, it 1s possible to make corrections for

the high frequency approximations end for refraction. Yeh (1960)

has derived the second order formulae for multiple frequencies.

For thls purpose it is convenient to use two harmonically related

frequencd.es. The difference of the refractive indices (Ao - /G. x )

oan be derived from the Appleton ... Hartree f01:'lll\.11a (Appleton, 1932).

By ui:ns the higher order t8ms in the binomial expansion of

Appleton Bartrae fo't'DlUla. Yeh (1960) derived the equation giving

tnt.sra.ad electron density correct to the second order. The

fonaula is liven by

(16)
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(17)

in which Ll..n. (mf) and Ll-IL (f) are the rotations (in radians)

of the frequencies mf and f observed as the satellite lIIOVtll from

point 1 to point 2. and Ml and M2 are the magnetic field factors

for the two points.

2.1,3 ,"Closely spaced frequencies" method

The use of two closely spaced frequencies permits an

unambiSUOua determination of the total angle throuah wh1c~

the electric vector is rotated in traversing the ionosphere. The

met-hods 2.1.1 and 2.1.2 require the calculation of (JL
1

_-IL2. )

which 18 the difference in the Faraday rot4t10n angle aa tbe

a.telll'. moves from point (1) to (2). It Is necessary to assume

that the total electron content 18 the same at points (1) and (2).

In other words, it is necessary to assume that there are no

borlzofttal gradients in the ionosphere" In the case of "Closely

spaced frequencies" method, this assumption need not be made" In

this method the di fference in Faraday rotation angles of two

cl08ely .paced frequencies ( 11-fL ) is determined. This anale can

be usecl to calculate the total electron content" It is alao

possible to calculate the total rotation angle JL from l1 JL

The _tho4 of d.eterminatiora of I1JL will be d.lscuaaeci later

in. thla ollapter. Prom equation (13)

2..

Jrt dh ~ ~ ;

d-'L 2.JL -tL !1JL.
-== -- --elf f fif

JL f !1.JL
= -2- 6f

(1$)

(19)
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Knowing I1JL, --.IL. can be determined frota equat.ion (19).

~1t db can be determined by sub8tituting this value of _~L in

equation (17).

2.3 petermination of !:r.bY Faraday rotation rate

The total electron content can be calculated by measuring

the Faraclay rotation rate also. Theoretically. a determination

can be macle for a given instant of time for a given ray path. In

practice It Is necessary to measure the number of revolutions of

the plane of polarisation in a finite time in order to determine

the rate aecurately enough. The rate of rotation method constitutes

the simplest means of obtaining an approximation of Ja db.

(20)K H V
1 X y.,

:::

The basic equa:eion a8 derived by Bowhlll (1958), is

z £2..

3
e ~o

when Itl • 81f2. m2.c E. • 0.0297 (M.K.S. rationalised units).
o

•• altitude of the satellite in meters.

I • radio frequency in C.P,S,

H•• component of earth' s magnetic field in the clirection

of Vx '

Vx • horizontal component of the velocity of sat.ellite with

respect to the observer (meters/sec) •
•

JL '. re.te of change of Farada}'" rotation angle in radians/sec,

'This formula was derived under the assumptions of a

horizontally moving satellite, a plane earth and a horizontally
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aC.-.II£le4 lono.phe~e. Yeh (1960) ball derived the aecond order

fo1:mUla for Faraday rotation rate. alao. The ..aaur.-nt of

Faraday fnquency i. ..verely affected by the hod,soRtal aradient.

of the total electwon cOIltent. as CaD be a.en by c&'ft'1lna out the

differentiation of equation (14).

d...n.. _~ {dCBC05f1SeC:l).rndh+ cl(Jndh\ BC05GSect}
err - f2. dt J dt (21)

J h
cl rlt db

If 1t clh is constant underneath the satellite pat. ~t

becomes zero and it is straight forward to calculate S'R. c1h.

knowing ~; and B Co. 9 sec X

Inors in the calculation of !:r by Faraday rotation

High fre~ency approximation

In developing equation (14) it has been assumed that

the operating frequency (f) > f o (Critical frequency). When

this 18 not the ease an appreciable error is introduced. Thia

error can be corrected to a first approximation by a correction

factor to equation (14) which is a function of the maxi1llUDl

ionisation. When f • 20 Mc/8 and f o =- 10 Mels one lets a

correction of about 10 '7. for high satellite passes.

I.A,2 Path splitting

In the calculation of -lL it has been assumed that the

ordinary and extra ot.'ciina-ry rays travel along the same pat~ When
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the aaale of Incid.enoe lets larse1:' than 45° thi. ia no loftier

the cue. As the refract1va index for both rays is diff....cnt 1t

Is olear Chat they will be bent differently and will follow

••parate paths. Hibben (1959) shows qualitatively how this path

splitting affects the Faraday rotation frequency.

2.4.3 Satellite spin

The plane of polarisation of the wave transmitted from

a aatelllte depends on the momentary orientation of the satellite's

antenna. A ~umbling satellite will create an oscillating plane

of polarisation. !""~re precisely. l\!.t us assume ~hat the satellite

antenna is a dipole rotating around an axis at a certain angle

to this dipole. The dipole will describe a cone. As Thomson (1958)

has point;ed out, the satellite spinning rate will add 'to the

ruaday frequency if the observer is inside the cone described

by the antenna. Only a phase wobble of the Faraday frequency will

be lenerated when the ObSer41er i.8 outside the cone. A Faraday

record. may, therefore. show a sudden jump in frequency when the

observer's position relative to the satellite passes through the

surface of the cone. This has been measured, for instance, by

Blaclcband at al (1959) on Sputnik 1. When a satellite has

cil'Oularly polarised antennae, such as Explorer 7. the Faraday

rotation Is not affected by satellite spin except for a possible

phue wobble. On the other hand. the depth of fading is influenced

by the aatellite orientation. as has been pointed out by Mass (1962).
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Horizontal gradient in total electron content

. .
If the electron density ~ is a function of altitude

only J. db is the same wherever measured. geographically. In

reality "I. changes horizontally as well. so that it is not po.sibl.

to negleet the horizontal gradient in Sttt db. The differential

Paraday ntation method on single frequency anel multiple

fftquenei•• neglect this gradient. "Closely spaced frequencie."

method i8 !DOre suitable to determine the horizontal gradient in

J. db.

2.5 Desirable characteristics of a beacon satellie8

Swenson (1963) described the desirable characteristics

of a beacon satellite. In the previous section of this chapter

the errors in the calculation of tlr have been described. Some of

the anon can be mlnim1s.d by having transmissions at various

frequencies and by spin stabi.lising the space craft. The desirable

characteristics of a beacon satellite are described below.

To give the widest geographical coverage and to permit

stud1es of the polar ionosphere. tl-se satellite orbit should be

inclined approxima.tely 90° from the earth' s equatorial plane. In

order to keep the satellite well above the regions producing

scintillation and above most of the electrons in the ionosphere,

the satellite eltitude should be at least 1000 b. A circular

orbit: can simplify the analysis. An orbit meeting these criteria

is relatively free from. atmospheric drag. permitting accurate
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production of observation times and simplifying the computation

of accurate post factum ephemerides.

In the past, considerable difficulty has been experienced

as a reault of spinning or tumbling of satellites. It is desirable

either that antennas have electro-magnetic symmetry about the

.pln axle or that the satelllte be spin-stabilised in such a way

that:: ehe antenna aspect presen'ted to a ground observer chang••

only vet:y alowly.

It is very useful to hev,.. several transmitting

frequencies and lt is important that they be locked to~ether in

pha••• Suffieie.nt power must be rediated by the transmitters to

permit ~eption with good signal-to-noise ratio even by simple

equlpmeat on the ground.

2.6 Earll history of Far&day rotation experiments

The study of total J.ol1ospheric el~ctron content through

the 'araday effect on satellite signals began after the launchina

of the flrst satellite in 1957. Blackband et a1 (1959) published

the first hSult8 of total electron content measurement by this

technique. They were calculating the total Faraday rotation by

oOUllt1ras the fading cycles from a point on the trajectory fo~

which itt was known. that e &II 900
, '''hich 'fould give zero rotation.

This mechod was also advoca,ted b}' Garriott (1960). Unfortunately

it is not always possible to record the satellite signal under

theae conditions. Also this procedure 1s somewhat doubtful due to

nonvalidlty of equation (14) in the neighbourhood of 8 • 90°.
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Is. more accurate approach is the one used by Little and

Lawrence (1960) and by Rawer and Argence (1962). Here the .;procedure

is inverted. One assumes a model ionosphere. the lower part of

which is deduced from vertical soundings. The upper part is

aaaume4 to follow a certain form with one free parameter. A

compueer program uses the Appleton Hartree equation and calculates

the polarisation rotation for several positions of the satellite.

A comparison with the actual Faraday fading record will decide

the best fitting parameters for the higher ionosphere. Little and

LaweftCe have good results in the cases where there are low

horizontal gradients of total electron content. In the other

cas•• they find no consistent results.

Garriott (1960a) used a slightly different approach to

determine the actual number of rotations. in the cases where no

qr conditions are recorded. In mmlY cases he observes a reversal

in dt:&'ection of polarisation rotetion. This occurs near the point

where the satellite trajectory is perpendicular to the plane of

the magnetic meridian. At the point of reversal the total rotat:lon

is at a minimum. Garriott calculates on a computer the ratio of

rotations at the minimum and at closest appro~ch. Knolfing the

absolute number of rotations bet'tfeen these two points. from the

recordings. one can calculate the absolute m11llber of rotations

at the alnlmum end all along the path. Garriot:t (1960b) gives

results of total electron content for ona year using the Russian

satellite. Sputnik 3.

Yah and Swenson (1961) have used an 'Pproach based on
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equation (15) with high frequency corrections. These authors have

given results of the total electron content for a period cf lIOre

than one year.

Determination of -D- by means of "Closely spaced.

frequencies" has been tried by Evans et al (1961). They made use

of the rotation of the plane of polarisation of moon reflected

signals. The earlier artificial satellites were not provided with

closely spaced frequencies. IR 19'" The Beacon Explorer ... B

satellite which was launched by the U.S.A. transmits radio

signals on 40.01 MHz and 41.01 MHz. The method used in the thesis

has 'been reported by Shirke and Ramakrishnan (1966).

2.7 Method of analysis at Ahmedabad

At Ahmedabad the method of "Closely spaced '.quenei....

has been used for calculating the total electron eont.1:. The

metbod of scaling the Faraday fedins records of 40 II: and. 41 lfJ

will 'be c1eacribed in this section.

F'ft)Dl equation (14). we know that
h5

-CL = £.. M rn dh
£2. ~

Then!._. -CL _ ~ M In. dh
1 - 2-

£1
-'L

2
~ ~ M fn c1h

£2. J
2-

whes:e -IL1 and -0...'2. are the Faraday htatiaD a:aale. fOI: the

fnquencies f 1 and f 2 respectively.
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:e. ....t1..1 - -n.. 2.

•
(22)

11-rL 1. de~.nd._4 experimentally' by Muu'l'ina the

weld!". pbaau of Cbe raraclay nulla receiveG at 40 !C and. 41 He.

Striet1y ....lna. d..!L will be iadetemlaate by 'n' when tn'

la a .-11 lnteaer ftUID1)er if tJ. f is nall. Little (unpublished)

baa nne_Ced an anth1letical method of clet.ermlntna the value of

'n' for: blah latitude statlons. In the present analysis, 'n' baa

Men ute.adned with reference eo t.he qr region, where -'L. and!1-n..

"due. to ..ro. At Abaedabad. whlch is a low lat.itude station in

the aol'thewn hemisphere, qr region is located to the north of the

scaclon. Aa this regton Is approached, the satellite signal

'becomes elliptically polarised and the resulting amplituda record

i8 char:acCertsed by shallow Faraday rules. The qr region can be

8een on the record. which Is shown in ;:1&.2. t. At .Ahmedabad, it

haa been observed that the qr region can d ways bG 8e.n on the

amplitude r:ecOrd8 of the polar satellite (BE-B. Explorer 22). In

the eas. of low inclination satellite (BE-C Explorer 27) often

the qr nalon Is not seen. In such ca••• It 1s difficult to

ctet.ent.ne the total Faraday 'I'01:atlon angle (-CL) with respect to

the qr _pon. But it is po_sible to judge the value of Ll...n....

without difficulty. Since both the satellites have been used for

caleu1attlus the total electron cont.ent, the method of clo.ely

.,.ed fnquenei88 has been used at. Ahmedabad. Equation (22) baa

baen used. for calculating the total electron content. The

calculation of D...Il- is done as follows : ..
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Calculation of IJ.JL

Flr8t it is found whether the transit i8 south-bOund or

north-bound. Since Ahmedabad is in the northern hemisphere the

values of B Cos 8 Sec 1 increasea towards the south of the

ataUlon. Due to the increase of B Cos e Sec 1.. .!J.JL also

Increases towards the south. So, in a south bound transit ,1JL

increases with time and in a north-bound transit /1...n.. decreases

with time. Normally QT propagation occurs at a time when the

sub-satellite latitude is about 290 N. If qr point is seen on the

record A-CL. is taken a~ zero at that time. !:lJL can be written

1n the form ~JL = S-n + rt ,where b...{)... 1s the fraction and

'n' is an lnteger. which changes by one whenever the Faraday

nulls of 40 ~lIiz and 41 ~1Hz coincide. The method of scaling of

1. illustrated 1n F18.2.2.

radians.

ST is scaled off in the positive direction (as shown in figure)

1f ebe region under consideration is after the occurrence of qr

point. If this region is before the qr point 8T is scaled in

the Relative direction. In Fig.2 .. 3 the values of {J-fL and

B Coa 9 Sec 1\.. are shown fo,:: a south bound transit. In 1'11.2.4,

the variations of these parameters are "hown for 3. northbound

tranal1:. 1.t can be seen that lJ....rL becomes zero at the time when

B Cos e Sec X becomes zero.

palcmlation of 8ub.!3ate~lite P21nts and B Cos a Sec i

The a211:ellite orbltal predictions are recelved from
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CoddaJel Space nipt cent.re, U.S.A. The•• bulletiM an divicled

Ift'COth.... parta. The firat. pan lives t.he orbital par_\er_,

the ...084 part alvea the equatorial crossing tiMa and the

COfte8poft4lt.D8 ve8t lonalcuclea, and the third part g1ve8 the ti_

and longitude corrections to be applied to get the crossing ti._

end w••e longitudes cottespol'lCU.ft8 t.o each 100 latitude. A computer

propam. bd been yoJ:k.d out to use all this information aDd

\calou1at.. the geographical position of the satellite at. t.he tl••

When the .atellits reaches each latitu.c1e between the equator and

... latitude.

The values of B Cos 8 Sec X for different satellite

help'ta aDd sub-satellite points have been provided by Goddard

Sp.e nlabt Centre. "U.S.A. Knowing the sub-satellite point and

the he1aht of the satellite. the appropriate values of B Cos 8 Seer

are found from the tables provided by the Goddard Space ftipt

2.8 lecond .orier corrections for closely spaced frequencl.

method•

The Faraday rotation equations have been extended to

include second oriel' effects, (Ros$... 1965). First order theo'1:7 t.

baaed OIl straight line propagation and the aecond oriel' tbeo'1:7

tak•• Into account the following departures from this conclitions-

(1) The non-uniform distribution of ionisation causes the

various rays to be refracted and follow different paths between

sourcG anc.t receiver.



: 35 :

(2) Since the medium is .'.otropic, the waVe normal and

ray for a particular mode of propagation do not coincide t,.n

direction.

1.08S (1965) introduced the following relation oO'l'l:'8Oti88

the first order equation to
~\j

....n.. =.; (6 C05 E7 SecX) (1+0<) ~ n dh
£ 0

rJ. = ; [~+(~-1)G-J
-14- h~

X :: 4,91 x 10 • rn dh
h' Jo

h' - 1 h + R (1 - Cos X )
- 5 e

, ll•• Radlua of t.he earth•

(23)

ionillation d18t:ri'bution ove'l' the heipt of

•
~ • x2. • a .asure of the non-uniformity of me

_2.
x

integration.

C- tan 8 (tan 9 - Y1/YL)

Y1tfL • 'I'atio of transverse to longitudinal componeRt. of

magnetic field.

When a.cone! order conections are included, equation (19) ia

1I841f1.4 ..

flJL ; - Z...fl. Lif (I + 2.0()
f

By _MUTing b,-n.. and -D.. it. 1s posslble to judge whether t.he
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second order correction is significant or not. If the correction

=

. 1s insignificant the ratio.

f
2.. llf

::::; 2.0

A~ Ahmedabad. it has beE-.D experimentally observed that; the ratio

...tl.../.1...n.. comes out to nearly 20 at the ·time when the satellite

.cross.. 230 N la.titude. In the present enuyals. total electron

coat..c. have 'been eaiculated only for 23" latltu4e aDd the

• .coM o1:d.e1" coftectlou have DOt been applied.
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CHAPTER III

EXPlaIKUTAL DEl'AIlS

The hqul1."ements of a beaeon aatelllte for ionospheric

atudl.. bave beeB explained in Chapter II. In this chap1:er. the

8C1:ual "'alia of the "tWo be.con 5atellltes which were launched.

\)7 the U.S.A. are desc1:'ibec1. A de&e-ription of the system 11l8tal1.d

a1: ~ciabad for 'l'ecelV1ftg the beacon satellite signal. have also

been _scribed. The _thod of synchronising the local time

8Cand.a'4 ..ainau: 8tandud tlme slanala is explained. The detalls

of Ii....,. Coclect Digits (BCD) u.eed in the local time-standard are

liven 1n this chapter alofll with an explanation of the ti_ code.

3.1 Deacn2tlon of Ionosphere Beacon Satellite

The Explorer 22 :research satellite, known as Beacon

Ixplo'l'er-a or 5-66, was launcbecl by means of a SCout rocket OD

Oeco"1' 9. 1964 from Vandenberg Air FOl'ee Base, U.S.A. The

••C8111ts wem: into orbit with an inclination of 79°, an apoa
of 674 JIlle. and a perlsee of 546 miles. The initial onita!

perio<l Wd 104.7 minutes.

The Explorer 27 satelli1:ct, known as Beecon kploTer-C.

waa alao launched by a similar rocket on April 29, 1965 from ~he

._ launching site. This satellite went into orbit with an

inclination of 41°. an apogee of 821 miles, end a perl.ee of

580 1I11e8. The Initial period was 108 alnut•••
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Both the Beacon Explorers are identical in conat'&'UCtlon.

The satellite Yeighs 116 lb. and conaists of an octagonal ..

cylindrical shell from the sides of which four .olar panel. eateacl

like wlD4 ..11 blades. Hade of boney comb nylon and fibn·al....

'the ahell 1. 12 inches in height and 18 Inches in di_ter. The

eo1aT panela an 10 inches wide and 5.5 feet long and cODtaln

twice .. JUDY solar eells as are needed for: initial power. All the

cella deteriorate because of rfldlatlon effects. reserve bank. of

801ar cell_ will be brought into operation. Extending f~m the

ends of opposite solar panels are two 5 feet long whip 8Dtennu.

which so.dtete 20.005 Me/a. 40.01 Me/s and 41.01 MIJ/s frequ.eDCi...

Two 1>al" supete 5.75 In long an used for passive ortentation of

the aatel1lte. They align It along the magnettc field.

To protect the Instruments from the large temperature

vad.atIODS. vacuum insulation Is provided between the lnat~.

and 'the aatel1ite shell. When the internal temperature of 'the

.pace-craft drops below the desired 21°C. any one of the 81abt

thet:mo_tats located th1:Qughout the satellite triggers an adjacent:

heater. ~entr1fugal force cause. the weighted antl-spin cables

.to cleploy end allows the four solar pAnels 'to erect themselves.

The firat of theae two actions causes the apin rate to be hcluced

f1'01ll 160 nrvolutlona per mlnute to about 40 R.;B.'M. and the 801a'l'

'8Ilel deployment t:hen lowen the rate to around 3 R.P .M. The rate

la tbea po.dually reduced t.o zero by magnetic antl-.pln nda.

The S-66 satellites hav<! tbTee bllJ,slc tran8m.tt:tng systems.

(1) The NASA Tonosphertc Beacons ftt 20. 40. 41 and 360 MHz. (2)
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the APL Doppler System at 162 and 324 MHz and (3) the telemet'IY

tranam1tter at 136 MHz. The ionospheric Beacon frequencie& are

derived from a 5 MHz oscillator, which is enclosed in a pack...

containtng a dual oven wl.th high thermal stability. The trana

mteeiona are coherent • All the low frequency transml tt8rs radiate

250 ... W of power a.pproxf.mately.

A clock marker or timing pulse appears on the 20- Me

alpal. This modulation is a rectaJ\gUlar pulse, which occur_ 8V8zy

22.018 aecond. Explorer 22 provides one pulse and Explorer 27

pnvi4ea two pulses. These timing pulses can be utilised as

tcle=iflcatton marks for the two satellites. The signal for the

t.i1ld.ng sarka are derived from a tuning fork oscillator with a

stabillt.yof 1 part in 10'.

The antennas for 20 IC. 40 Me and 41 1£ transm1ssiona

consiat: of whip antennas. 5 feet long. at the end of two opp081t81y

Oft_ted. solar panel blades. The signals are linearly polarised.

3.2 DeSCription of the receiving system

Fla.3.1 shows the block diagram of the receiving end

~ecorciiac system. The dipole antennas are erected in the BW

direccion at a height of A/4 from the around. EW direction has

1»een chosen 80 that the antenna receiving pattern Is syrmsetrical

in t.he • direction. Most of the favourable transits are in the

north.south direction and it is preferable to have the receiving

pattern of the dipole antenna sY=\8trieal in the NS plene. The
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receivers have unbalanced inputs with an 1mpedanc:e of SO ..n...

The dipole antanna gives an impedamee of 75..n.. (balanced).

Impedance matching Is achieved by using a wide ban4 "BALUN"

matching transfo1.'lDer. This impedance matching transfo1:'lD8r Is

mounted near the antenna 1tself. Amphenol RG-8/u, coaxial

'tranwssion line Is used to connect the antenna output to the

racelver input.

11g.3.2 shows the block diagram of the t.ransistortsed

,recetve'&" uaed for receiving the satellite signals. It is a double

conversion receiver employing crystal controlled local 08cillaton.

The pre-.,lifler section of the receiver is a fully shielded

plus-In unit. By inserting the appropnate pre-amplifier Into the

front panel of the main receiver, the receiver frequency can be

a1t.~.d. The pre~t~lifler plug-in unit contains a single RF stas.,

a 1IiJter stage and an oscillator stage. This gives an output a1:

4.790 Me/a. The RF amplifier provides approximately 35 db gain.

The m1Ker stage has a conversion gain of 5 db.

The front end un1t contains the firat 1.r. 81:aae, the

second local oscillator. the second IF amplifier. the second.

decector anci the audio stage. The second local oscillator is

C1:Y8tal controlled at 5245 Kc/s. This stage performs the function

of converting the 4.190 Me output of the pre-amplifier into a

455 KC second IF. The automatic gain control (AGe). incorporated

into the elrcuit1j', controls the gain such that it is logarith

tn1eally related to the m~.gnitude of the 1n<:omlng signal. The

second IF stage has a. gain of 90 db. Complete electrical

specificat.ions of the receiver are given below :
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(1) Voltage requirements are + 8.4 V and -12.4 V D.C. The

tot.al CUfteftt drain of each receiver is nominally 15 milli.

amperea.

(2) The sensltivtty of the receiver i8 -135 dba.

(3) Bandwidth of the receiver at 3 db polnts i. 2500 CPS.

(4) The AGe output impedanc:e is 15 K..tL.. and the JGC ti_

oonstant. 18 8 mill i seconds.

Due to the velocity of the satellf;ce. the signal.

undergoes Doppler Shift .. Consequently the frequency received on

the ground gradually chan~es as the satellite approaches the

tracking station end recedes from the tracking station. The

2.5 Ke bandwidth provlded for the receivers is eufflcleDt ~

8.CC01DIDOdate the Doppler shift.

The receivers require a positive voltage (+ 8.4) end a

negative voltage (-12.6) for the operation. A twin power supply

whoa. voltages can be varied is used as the power supply for the.
recetvera. This unit has two independent D.C. supplies with

independent output terminals. The +ve terminal of one of the

supplies is connected to the - ve te1:minal of the other supply anc:l

1. used 8S the common teTminal for the receiver. With respect to

this common terminal the positive and negative DC voltages are

taken f'l.'OJl the Power Supply and fed to the receivers.

The AGe output of the receiver is fed to DC amplifier

manufactured by Sanborn Company. The DC amplifier drives the
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aalvanomecer of Sanborn Strip Chan recorder. The frequency

respol'l88 of the recording system 1& from 0 to 50 cycles. T"he

strip chare heorder used for the experiment haa 8 channels. AC

• cime. 5 channels are used. Once the paper is completed, it I,

rewound and used again. Two ehannels are used twice by 'hiftina

the p08i~lon of the stylus. These tw'o ehann.als are used for

recording the time marks only. The chart speed of the recorder

. can be varied from 0.25 mm/sec to 100 mmlsec. Depending on 'the

rate of fading of the signal. the chart speed is acljUB'ted at the

time of transit. The overall gain of the whole system is

apphX1aately 145 db•

.AxQplltude calibre.tion is not necessa1.jP for Faraday

rotation 8Dalysls. Since the AGe of rt1ceiver bas loasr1'tbtaic

responae. ~lltude calib'l.·ation is necessary for studying t.he

signal scintillations. A. standard signal generator (HP 6080).

maDUfactund by Hewlett Packard, U.S.A. t is used for callbraclna

t.he hCordlna system.

3.3 Description of the time s'tandard and time synchronisat.lon

Since the satell i tes move wi eh very high velocity 1t 1s

necessary to have a 'time standard. which 1s correct upto a

fraction of a second with respect to standard time signals. At

AhM:dabacl. a 'time standard manufactured by the Aatrodata Company

haa been used. This time standard gives an output of 1 pulse per

second, which Is derived from a crystal controlled 1 MHz

oacillato1:' having very high stability.
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Many cO\Ultrles broadcast standard time signals in the

H.r. band. The frequencies allotted for time signals are 2.5 K:.

5 Me. 10 Me. 15 Me. 20 Me and 25 Me. At Ahmedabad 10 Me and 15 Me

transmi8sions from Japan or Havaii(WWH) are used for synchro

niaing the local time standard. The ti.me standard is adjusted to

an accuracy of a frac'ti.on of a millisecond and is never allowed

to have an error more than about 100 mill! second at the time of

recording a satellite trAnsit.

Flg. 3. 3 shows the block diagram of the system adopted

for synchronising the time standard with respect to the standard

time signal transmissi.ons. Motorola R - 390 receiver was used

for receiving J.J. Y. or WWVH time signal transmission at 10 Me

or 15 Me. During day time 15 Me and during night time 10 Me

transmissions were used. Every 5 minutes both these stations

announce Japan standard time and Hawaii standard time respectively.

In addition to the time announcement, the carrier has 1 pulse per

second modulation also. The. 8,udio output Qf R-390 receiver, which

gives standard one pulse per second, is fed to the Y input of a

Tektronix oscilloscope. The time base of the oscilloscope is put

into external trigger mode and is then triggered by the one pulse

per second output of the local Astrodata time standard. I f the

Astrodata 'time is ahead of the standard time, then one pulse per

second output of R-390 can be seen on the oscilloscope time baae.

The local time standard is then adjusted so that the triggering

pula. coincides with the standard time signal pulse. By adjusting

the sweep interval of the oscilloscope it is possible to see the



TEK1RONI X
OSCILLOSCOPE

-
(JL-)

-
~
~

",EXTERNAL TRIGGER
(11 ME BASE)

ASTRa -

I F-~-s--I GI9g
ATA

Y IN PUT 11\

MOTOROLA
I >: IRECEIVER J---~-----'

R-390 AUDIO (I PPS),

y 10 Me
OR

\ 5 Me

FIGURE 3.3

SYSTEM USED AT AHMEDABAD FOR SYNCHRONISING

LOCAL TIME STANDARD (ASTRODATA MODEL 6190)

AGAINST. JJY OR WWVH TIME SIGNALS "
, f.__ _ -~...._._J;



: 48 :

two pulaes clearly even when the time di f ference between them

is about a milll sscond. The Astrodata time standard used at
•

Ahmedabad 1s foutid to be quite accurate and <loes not drift by

more than 1 mill i second per day. The tlme standard Is fed by JC

maillS supply, which Is quite reliable at Ahmedabad. Every week

the local ~ime standard is checked against JJY or !,fuNH.

In addition to one pulse per second, Astrodaea gives

coded outputs also. Fig.3.4 gives the NASA 28 Bit Code, which 1.

1n binary coded decimal form. The code 1s composed of a reference

marker and seven sub-code words describing Time-of-year in minutes,

hous and days. Each sub-code 1s in bine.ry coded decimal fashion.

The leading edges of all pulses are precisely spaced at 0.5 second

intervals. TIle "time frame" is completed by index. markers occu.n:lng

every S seconds.

11&.3.4 shows one complete frame of the time code. One

frame is completed in one minute. In the figure. the frame Is

split: Into ewo parts. The lower portion shows the former half

(30 seconds) and the upper portion shows the latter half (30 seconde)

of ODe complete frame. Two narrow pulses. (A) and (8), indicat.e

the beginning of each frame. In the figure, the time increases

fl'ODl A t.o B. After each 5 seconds. t.he 5th second identificat.ion

pula. (wide pulse) can be seen. The time codes are ilven In t.he

fomer hal f of the frame. After each 5th second 1Da'E'k. the ti_

code 18 given. The code starts with the unit digit. of minute ancl

ends wit.h the hundredth dlgl t of number of days.
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In the example shown in Fil.3.4, the time given by the

cocle Is 16 hours 27 minutes. The number of the day given by the

coc:le. 18 345. So. the time code identifies the numbers 7. 2. 6.

1. S, 4 end 3 in the order. The number of the day are counted

fwom the 1st of January. Each digit i8 given by a group of 4

binaries. The numbers can be read-off very easily. In order to

see the pulses clearly the chart speed must be at leut 2.5 mm/see.

The method of reading the binary coded diglts is

llluatrated in Flg.3.5. The system gives either a wide pulse or

a nanow pulse as shown in the figure. By noting the stages which

stve nanow and wide pulses, the number can be IIIlde out. ftg.3.5

ahow8 the configuration of the pulses in the group of four

binaries in order to glva the numbers from 0 to 9. By DOtll'll the

llUInber liven by each of the seven groups in a 1Id.nute £r_. 1t

is po••lble to find out the time at eny point on the record.

3.4 Schedule for satellite tracking

For programming the routine schedule for tr'-lCklng the

aatellU:e. it is necess8TY to know the time when the satellit.

coMa over the tracking station and the maximum elevation anal.

of the satellite at the time of closest approach. Depending on

the muimua elevat.ion angle, It is decided whether a partlcula1:

transit 18 to be followed or not. During the period of obseJ."Vatlon.

only the transi1:8. which gave more than 300 elevation, were

tracked for Faraday rotat.ion studies. In order to study the

aatel1lt.e signal scintillations at night. this limit of elevation

angle was broUght down to about 200 •
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3.5 Calculation of satellite prediction

In section 2.7 of Chapter II, the details of NASA

satelllee orbital bulletins have been given. The calculation of

sub-satellite points is also descrtbed. Knowing the sub-satelllte

point and the height of the satellite, it is possible to calculate

the azimuth, elevation and slant range of the satellite. The.e

parameters are essential if the receiving antenna is to be pointed

towards the satellite. Fixed dipole antennae had been used for

the Faraday rotation experiments and 80 it was not necessary to

know the position of the satellite very accurately for tracking

it. Still, the e1evatiOD. azimuth and 81ant rAnI. of the satel11te

were calculated and vere used for decidina the trenale. chat were

to be followecl.
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CHAPTER IV

ELECfRON CONTENT OVER AHMEDABAD

The _tbod o~ analysis adopted at Ahmedabad for

calcu1atlnl t.he total electron content upto ehe satellite altit.ude

ba been "scribed in section 2.6 of Chapter II. The t>esult of

these calculations are presented in this chapter. At the time of

a satellite transit) normally an ionogram is also taken. This

ionosonde is located near ehe satellite tracking staeion. These

bottom side ionograms are used for comparing the top side of 1:be

ionosphere with the bottom side.

4.1 Diurnal and seasonal variations of total electron

content (!:xl

Because of the relative motion of the satellite and

earth, one measurement of electron content per day. on the

average. is obtained when the satellite passes near the observing

station In a northward direction. Another measurement Is made

when the satellite again passes near the sta"tion in a southward

direction. With two satellites in orbit it was possible to make

four measurements per day. fl.s a consequence of the precession

of the satellite orbit the times of passage receded on the averase
Ct-

from day to day and it was possible to sweep through~24 hour

period more than once within a season of 4 months. All the

observations made in eachseaaon have been grouped together.
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The values of total electron content determined at

various hours for summer. winter and equinox are shown in Figs •
•

4.1. 4.2 and 4.3 respectively. The diurnal variation of NT can

be seen in all the three seasons. Since the observations were

mad. on different days. the N.r values exhibit scatter showing

the vanability of the ionosphere. A mean curve can still be

drawn through the scatter points. The maximum value of N.r occurs

at. about 14 hours in winter end summer and at about 16 hours in

equinox. The total electron content starts falling after SWl set

to a pre-dawn minimum and then starts rising after SWl rise to

the day ci_ maximum. The rate of increase seems to taper off

between 09 hours and 10 hours in winter. between 08 hours and

09 hours in equinox and between 01 hours and 08 hours in summer.

The day time maximum value is about 2 x 1011/meter2 in winter.

3.2 x 1017/meter2 in summer and 3.8 x 1017/meter2 in equinox.

The night: t.ime minimum value of N.r is about 0.16 x 1017/_ter2

in winter and summer and 0.14 x 1011/meter2 in equinox. It can

be seen that the day time maximum Wldergoes more seasonal ch..e

than the tlight time minimum. The diurnal range is about 12 in

winter. 20 in summer and 27 in equinox.

4.2 Rate of los. of electrons at niaht.

The rate of change of electron dena11:y at: a p ven

helcht Is d.etermtaed by

:: ~ - ~n - div (n V) (1)
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Therefore

where q is the number of electrons produced per unit volume per

second, r is the effective attachment coefficient and V is the
•

velocity of transport of electrons. The loss process has been

written In the form of i'\ because most of the loss of ionisation

at night takes place in the lower F region where the attachment

process 1s predominant.

The rate of change of total content is obtained by

integratinl equation (1) over all heights, viz. the surface of

an infinite vertical cylinder of unit cross section. This giVes
.()

~ = a({" dh) = hdh _ ~ n dh _ rdiv (nV) clh
dt o~ 0 J J,0

0

If the velocity of transport is entirely vertical, the Det

transport of eleetr~ns out of the cylinder is zero,

jd1 y (n,V)dh =0

o 00

~ = h dh ~
o

Thus at night time. when q i8 zero

dN ~ .~

_T = - J~ Y\, dh = - ~f- dh = - ~ NT
dt 0 0

where 13 is some mean value of ~ • It follows that

Net):: N (ttoO) exp(-~t)
T T

The nipt time portions of the curves of log N.r in Fll8 .4, .1. 4.2

and 4.3 are almost linear showing that Nr falls exponentially

during night time. These portions of the diurnal curves have been

used for calculating the values of 1 . The value of 1 comes
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to about 1.3 x 10·4/sec in equinox. 1.2 x 10·4/sec in winter

and 0.8 x 10·4/sec in summer.

4.3 Variation of maximum electron density (!!max)

Since the major fraction of the total electron content

occurs in the region of maximum electron density, the values of

nux are also determined at the times of satellite transits. At

the time of a transit if ionogram is not available then inter

polation is done using the available ionagrams. nmax is calculated

from. the formula I\nax • 1.24 (£0'2)2 x 1010 electrons/CMetre)3

where f o' 2 is the critlce~ frequency of the F layer. The values

of Dmax for summer winter and equinox are plotted in figures

4.4. 4.5 and 4.6 respectively. It can be seen that the maximum

electron density also exhibits the features which are present

in the total electron content. Between 07 hours p~d 10 hours,

the decrease in the rate of increase can be seen in l1max also.

4.4 VariatiQl1 of bottom aide (Nb) and top side(Na) electron

contents

By subjecting the ionograms to true height analysts

it is possible to calculate the electron content below. the heipt

of maximum electron dens!. ty. The bottom side content (Nb) is

substracted from the total content end the top side content

CN.) is determined. The values thus calculated are plotted in

F1gs.4.7. 4.8 and 4.9 respectively. The day tlme maximum value

of Na ls about 2 x 1017/meter2 1n summer, 1.2 x 1017/meter2tn
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win'ter and 2.4 x 1017/meter2 in equinox. The night time minimum

value of Na is about 0.14 x 1017/meter2 in winter and 0.12. x 1017i
meter2 in summer and equinox. The bottom side electron content

(~) values are shown in Figs.4.10, 4.11 and 4.12. The day time

maximum value of Nb is about 1.3 x 1017/meter2 in summer,

0.8 x 1017 /me.ter2 in winter and 1.4 x l017/meter2 in equinox.

The minimum value at night is about 0.03 x 1017/meter2 in summer

and equinox and 0.02 x 1017/meter2 in winter.

4.5 Diurnal and seasonal variation of equivalent slab

thickness (T)

The equivalent slab thickness of the ionosphere Is

Siven by 't • Nor/nmx.
This parameter is evaluated from the satellite results ln

conjunction with the I\nax values obtained from lono.onde

observations. Wright (1960) proposed that F region might be

represented by part of a Chapman region with a scale height of

abow: 100 lan. For a Chapman distribution of electrons Wright

has shown that

N.r • 4.13 H~ (2)

(3)

(4)

Where Ns and 1\ aTe the integrated electron contenta above and
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below maximum electron density level <bmax) and H is the scale

height. Following this hypothesis 1"' has been used by a n}JDlber

of investigators as a tempera.ture indicator at midday in the

ionosphere. (Ross, 1960; Hibberd, 1964; Bhonsle at al, 1965).

Chapman model assumes that electrons and ions are in thermal

equilibrium. A theory without such a restriction is the diffusion

transport theory developed by Yeh and Flaherty (1966). They have

proposed a hybrid layer made up of a diffusion transport layer

above the peak and a Chapman layer belol1 the peak. They ha.ve

also shown the dependence of slab thickness on electron to ion
nJ

temperature ratio. The values of I in summer, winter and

equinox have been shown in Figs.4.13, 4.14 and 4.15 respectively.

The simultaneous values of hmF2 have also been shown in these

figures. During winter. 'I exhibits very large values before

ground sun rise. This anomalous increase is not seen clearly

in summer. ElpJinox months show slightly large values of T' around

the same time. From the figures it can be seen that the height

of maximum electron density also increases in the early moming

hours .At Huancayo. an equatorial station, Blumle (1962) observed

an increase in the l' values around layer sun rise. It can be

seen from the Fig8.4.13, 4,14 and 4.15 that the T values

increase after sun rise. The day time maximum occurs after mid

day hours in winter end around mid-day hours in sUlllDer and

equinox, The maximum day time thickness for the period 1964-65

is approximately 225 km t in winter,235 km. in equinox and

250 kIll. in su:rmner. The corresponding h.mF2 values elso show a

maximum after mid-day hours in winter and around mid-day hours
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in summer and equinox. The day time maximum of h.g.F2 during the

observational period is about 275 km in winter, 300 km in equinox
-'

and 350 kul in summer. In all the three seasons, it can be seen

that 'f and tim'2 have similar variation during day time. After

sun set, while h,.F2 increases towards mid night I' does not

show similar variations. Between 18 hour'" and 22 hours the

thickness pa.rameter shoWS l~rge values. This feature can be seen

in all the seasons. In the ease of ~F2' this increase is not

seen.

4.6 Diurnal and seasonal variation of the ratio of topside

electron content to bottom side electron content(N.l!),)

Ratio of the electron content Na above the height of

maximum electron density to the content Nb below this height has

been introduced by Evans (1956) as a simple and convenient measure

of the electron distribution 1.n the ionosphere. If the ionosphere

were isothermal and had Chapman t s distribution of electron

density the ratio Na/Nb would be equal to 2.15. (Wright. 1960).

Using the diffusion transport theory Pound and Yeh (1966) have

shown that the ratio Na/Nb will have a value of 3.12 during

summer night and 3 0 33 during winter night.

In Figs.4.16. 4.17 and 4.18 the data for 1964-65 have

been plotted separa.tely for summer. winter Md equinox. The

diurnal variati.on of this ratio can be seen in all the seasons.

Compared to the day time va.lues the n1.ght time values of ~la/Nb

are higher. In winter and equinox, Na/Nb exhibits la.rge values
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before ground sun rise. In summer. this feature is not very

evident. The mid-day minimum. value of Na/Nb is about 1.4 in
~

summer, 1.5 in equinox and 2.0 in winter. The night time steady

value before mid-night is about 3.2 in summer, 3.0 in equinox

and 2.9 in winter. ,Afte'r mid-night the ratio does not 'remain

steady.

4.7 Diurnal and seasonal variation of Nafhmax

The winter values of Na/nmax are plotted in Fig.4.19.

It can be seen that the diurnal variation of this parameter is

not clear in winter. The summer and equinox values are shown in

Flg.4.20. The diurnal variation is found to be more evident in

equinox and summer. After sun set Na/D.max increases in these

two seasons and attains a steady value of about 150 km during

the night. After sun rise this ratio decreases to a lower value

and then starts increasing to a mid-day maximum. Again it starts

decreasing after mid-day and reaches a low value before sun set.

4.8 Discussion

A summary of the electron content results for summer

and winter ha.s been given in Table I. It can be seen that during

1964-65, the day time maximum values of Nr' Na • Nb and D.max in

summer are higher than the corresponding values in winter. In

middle latitudes, during periods of high solar activity the day

time maximum values of NT are higher in winter tMn in summer

(Ross, 1960; Yeh and Swenson, 1961). This seasonal effect is
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less pronounced during periods of lower solar activity (Hibberd,

1964). In the present observations over Ahmedabad, during minimum
J

solar activity conditions, the winter anomaly is not seen.

The summer to winter ratios of Kr. Nat Nb and Il.m.ax are

shown in Table II. Maximum electron density tncreased by about

17 1. from winter to .U1lm\er. At the same time topside content and

bottom side content increased by about 60 1. Since the electron

content is related to Il.max and H, the larger increase of electron

content from winter to summer may be attributed to the increase

of temperature and the throwing up of ionizable constituents in

8U'1Dl11e1!'.

Table 11

....__ --_ _..- -.._ .
Ionospheric
Par_C.,&,

Summer to Percentase
winter raCio chanl-......•........_--•.••.....••--......•••.••

Nr 1.60 60\

N. 1.67 67 7.

l\ 1.63 63 1.

l\ux 1.17 17 1,.

The occurrence of • peak in I' near SUD rise baa been

reported by many investigatot's (Evans and Taylor. 1961; Lawrence

et al, 1963; Titheridge. 1964). This has been explained. by the

fact that sun-rise occurs earlier at greater heights so t hat the

ionisation above the peak of r layer will have considerably
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increased by the time the electron density at the peak begins to

increase (Tltheridse. 1964). Also. measurements of electron
.J

temperature Te' made by Bowles et al (1962) using incoherent

beck scatter technique and by the Ariel satellite (Wilfmore et ale

1962) show .. evidence of a significant departure from themal

equilibrium between electrons and ions near sunrise. Blumie (1962)

attributed this increase in 'I to the departure from thermal

equilibrium between the electrons and ions near IlUnrise.

The results of ratio Na/Nb are given in Table III. The

day time value of Na/Nb in winter is nearer to the value of 2.15

given by Wright (1960) for Chapman distribution. In equinox and

summer this day time value is still lower. In all the aeasons

the night time values of Na/Nb are higher than the day time

values. The following qualitative explanation of the diurnal

variation of Na/l\ has been proposed by Hibberd and Ross (1966).

During most of the day time the vertical distribution of ionisation

may be taken as that of a Chapman region. except for the additional

ionisation in the E and F1 region. The presence of E and '1 relion

ionisation could cause the day time value of Na/Nb to 'be rather

lower than the Chapman value of 2.15.

Table III

--- _-- __ _- - .
Season

Ratio Na/Nb
'bay ti_ Righi""'rtiiii.........••....---.............•....

Summer 1.4 3.2

Winter 2.0 2.9

Equinox 1.5 3.0
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The effectlve attachment coefficient ~ for a Diddle

latitude station has been determined by Hibberd and Rosa (1966) •
.J

They get a value of about 0.8 x 10-4/sec. The present reaults

ahow higher values of 13 in winter and equinox. The 8U1111l8r

value of ~ over .Abmedabad come. out to be the same .. the

middle latitude value given by Hibberd and Ross. F'l'Om the t:eaulca

of Lawrence et al (1963) for 1958-59, Hibberd and Ross have

obtained a value of 1 of the orcle1:' of O!' x 10··"".
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IONOSPHERIC ELEC'lROJ CONrDr AID IQUIVAtIftSLAB m ....
IN RELAnON TO SOLAR AND MAGNETIC ACTmTY

5.1 Introduction

It is well known that the critical frequency, f o'2'

of the '2 layer varies markedly with the solar cycle. Bhonele

et al (1965) found, the solar cycle dependence of N.r the total

electron content up to about 1000 ka over middle latitudes for

sunspot numbers higher than 40. Yeh and Flaherty (1966) extended

these observations to sunspot numbers less than 40. Hibberd and

Ross (1966) have examined the relationship between 10.7 cm solar

flux and total electron content over middle latitudes. Over low

latitudes, these effects have not been studied in detail. In

this Chapter, the dependence of N.r and Nr/nmax on 10.7 em solar

flux and the effect of moderate IM.gnetic activity (defined by

'\ index) on electron content have been studied and the results

are presented. Before examining the data for such effects the

reasons for not studying the magnetic storm variations may be

mentioned. Since the satellite technique provides only a few

measurements in a day, it is not possible to follow the effeets

of individual magnetic distm:bances throughout its life. Further,

the ionosphere fluctuates from day to day even under magnetically

quiet conditions and it is often difficult to decide whether a

change observed in a short interval of time is really related
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to t.he s'torm 0:1' is a random variation. Because of weh aa,,-backs

in the technique of inv••tlgatioft. ston t1me vuidioD8 could

not be studied 1n detail. Instead, the upencle•• of Kr. BT'I\ux'
NalJ\ and hp'2 on moderate magnetic activity defirted by ., is

studied.

5.2 Dependence of daYtime N:r on solar nux

In Fig.S.l the values of N.r measured between 12 hours

and 16 hours are plott:ed against the daily values of 10.7 cm

solar flux. In order to get over the effect of diurnal variation,

the time around mid-day hours has been chosen. The N.r values

have been plotted separately for summer, winter and equinox. In

all the seasons it can be seen that NT increases linea.rly with

10.7 em solar flux. In winter, NT seems to increase at a slow

ra.te till the solar flux reaches a value of about 100 units, and

beyond this, it increases with solar flux at a faster rate. In

summar and equinox, this transition at the solar flux value of

about 100 Wlits is not, noticeable. The change of N.r per unit of

10.7 em sola.r flux is about 0.04 x 10+17 ~.n summer and 0.054 x 1017

in equinox. In winter, this is about 0.02 x1J7 when the solar

flux is below 100 units. and 0.06 x 1017 unit flux. above

100 units.

out

a NT laS
The value of the logarithmic gradient. NT (100)

to be 0,025 in Winter and 0.01 in suauaer and equinox.

COIle.
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5.3 Dependence of met-time !r on .ola~ flux

Between 23 hours and 03 hour. Ir remalna _ ...ly .-teacly.

The value. of Nr measured during this part of the nlpt haft

been used. for studying the effect of solar flux at night. In

1i8.5.2, the night-time values of N.r have been plotted against

the daily values of 10.7 em solar flux separately for summer,

winter and equinox. In all the seasons t night-time Nr also

seems to have a linear dependence on solar flux. The rate of

increase with solar flux seems to be nearly the same in all

the seasons. }.l.r increases at the rate of about 0.007 x 1017 per

unit flux. The night-time logarithmic gradient comes out to be

about 0.02.

5.4 Dependence of daytime ~l!.!nu.x on solar nux

It is generally accepted that 801u extreme ultra

violet radiation is an important source responsible for the

heating of the F region (Hunt and van Zandt t 1961). Satellite

drag measurements show that the thermopause temperature and

hence the neutral particle densities at F region heights vary

linearly with the solar activity (Nicolet. 1963). Since the

average equivalent slab thickness, NT/I\nax' is an indicator of

scale height and electron-ion mean temperature. it BlUst have

positive correlation with solar flux. In Fig.5.3, the daytime

values of NT/nmax are plotted against the daily values of 10.7 cm

solar flux. It can be seen that there is linear relationship

between NT/n and 10.7 em solar flux (5). The rate of increasemax
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of 1"' per unit flux is about 1. km in winter 1.2 km in equinox

and 1.5 km. in summer. The empirical linear relationship between...
and S may be written as

I (km) • 175 0+. 1.0 (5-70) for winter

'Y (km) • 210 ... 1.2 (S-70) for equinox

l' (lan) • 200 + 1.4 (5-70) for summer.

5.5 Dependence of daytime ~ on moderate magnetic activity

In Fi&.5.4. the day-time values of Hr have been plotted

against the daily values of \ separately for swmner. winter and

equinox. In summer and equinox, the total electron content

decreases with increase in magnetic activity. In winter there

is probably a similar effect but it is not clear.

5.6 Dependence of night-time ~ on magnetic activity

In Fig.5.5. the values of N.r measured between 23 hours

and 03 hours are plotted against Ap index separately for summer.

winter and equinox. It can be seen that N.:r increases with

magnetic activity. In summer the figure shows more scatter. A

whole-year plot is also given 1n Fi8.5.6. It thus appears that:

while the tot.al electron content decreases with increase in

magnetic: activity In the afternoon hours it increases with

increase in Ap in the late night hours.
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5.7 Dependence of day-time slab thickness ('\) on

magnetic activity

Since the diurnal variation of I' is small, the day

time values have been used for studying the effect of magnetic

activity. In Fig.5.7, the day-time values of Nr/nmax have been

plotted against A index separately for summer, winter andp
equinox. In winter, I' increases with increase in A •. Inp

equinox this effect is not so pronounced. In summer, 1" does

not show any clear dependence on Ap•

5.8 Dependence of night-time !r/nmax on magnetic activity

In Fig.5.8, the night-time values of N..r/nmax have

been plotted against Ap index separately for summer, winter and

equinox. In summer and equinox night-time Nr/l\wt increases

with increase in \ values. In winter night, N.,r/ll.max does not

seem to depend on magnetic activity.

5.9 Dependence of day-time and night-time values of Na~

~n masp!tic activity

The day-time and night-time values of Na/~ have been

studied separately. In Fig.5.9, the day-time values of Na/Nb

have been plotted against \ index separately for summer. winter

and equinox. In summer Na/Nb decreases with increase in Ap index.

In equinox the ratio does not seem to depend on magnetic

activity. In winter the ratio increases with Ap index.
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The night-ti_ values of Na/Nb have been shown in

rig.5.10. These values are plotted against \ index separately-for summer, winter and equinox. Since the ratio becomes very

large early in the morning. these values have not been included.

It can be seen that in equinox the night-time values of Na/Nb
also do not seem to depend on magnetic activity. While the

night-time ratio increases with Ap in summer. it decreases in

wiater.

5.10 Dependence of day-time and night-time values of hp!:.2

on !!SO.tic activity

Since the electron content variations are connected

with the changes in the height of maximum electron density, the

dependence of mid-day and mid-night values of hpF2 on magnetic

activity has also been studied. Fig.5.ll shows the dependence

of mid-day hpF2 on "'P. In winter and equinox. mid-day hpF2 does

not seem to depend on magnetic activity.

In Fig.5.12 the values of hpF2 at 22 hours have been

plotted against ~ index separately for summer. winter and

equinox. In winter, night-time hpF2 increases with ~. In summer

and equinox, night-time hpF2 does not seem to depend on magnetic

activity.

S.11 Discussion

In F1g.5.1. the best fitting straight lines have been

drawn and these lines have been extended to zero solar flux. It
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can be seen that in all the seasons the line passes through the

origin. Taylor (1966) haa reported that the winter line intercepts

the 80lar flux axis at a point significantly away from the origUi;;'1

This might have baen due to the fact that tbere were no observations

corresponding to solar flux values less than 100 units. In the

present result also it can be seen that the winter line which

fits the observations corresponding to solar flux values higher

than 100 units intercepts the x axis at a point away from the

origin. If the change in the slope of the line in the region

of Bolar flux less than 100 uni1:8 is taken into account. the

winter line also passes through "the origin.

An approximate linear relationship between Nor and

sunspot number has been found by Bhonsle at al (1965) for sunspot

numbers larger than 40. Yeh and Flaherty (1966) have extended

these observations to sunspot number.s less than 40. They find

that the linear dependence breaks down when the sunspot number

falls below 40. At Ahmedabad in winter. a change in the linear

relationship between N.r and S can be seen when the solar flux

falls belo1'i 100 tl."1its. In summer and equinox. this feature is

not noticeable even though there are observations corresponding

to solar flux values between 70 units and 130 units. Somayajulu

et al (1966) have shown that N.r over Delhi is independent of solar

flux when the flux is less than 80 units. From Fig.5.1 it can

be seen that NT over Ahmedabad definitely shows an increase

With flux even in the region of solar flux less than 80 units.

Bhonsle et al (1965) have determined an empirical

relationship between 'l in middle latitudes and the mean
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sunapot number <i). Over middle latitudes. the rate of increase

of T with sunspot number is about 1 km in winter. 1.2 km in
-

equinox and 1.35 kIn in summer. These values have been normalised ~

by Bbensle et al (1965). After normalising they get a coefficient

of 0.005 in all the seasons. Normalising is done by dividing

the rate of change of l' by the value of 'I corresponding

to zero sunspot number. In the present result over Ahmedabad

also. it can be seen that the rate of change of , with solar

flux is minimum in winter and maximum in summer. I f these values

.·re normalised by dividing the rate of change of T by the

value of 1'"' conesponding to solar flux of 70 units. the

coefficient comes out to be about 0.006 in winter and equinox

and 0.007 in summer. Since the measurements have been made within

a limited range of solar flux the values of these coefficients

determined by this analysis are to be treated with caution.

The variation of middle latitude 1\- with 10.7 em solar

flux has been studied by Hibberd (1964). He has calculated the

rate of change of ~ with flux (5) for summer and winter. In

summer and winter he finds aNT 105 to be 0.028 x 1017 and

0.038 x 1017 respectively. Over Ahmedabad, (3 N, IdS seems

to be higher. From the results of Hibberd, it can be seen that
'ON /05

the logarithmic gradient, NT ) , is nearly the same in
TL100 .

winter and Surtml8l:'. Over Ahmedabad this is aboU't 0.01 in 8UIII1l8l:'

and equinox and about 0.026 in winter. In winter the middle

and low latitude results show the same value of logarithmic

gradient of N.r.
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Ross (1960). Yeh and Swenson (1961) and de Mendonca

(1962) have shown that electron content figures are depreased

following a magnetic stom. Ross has shown an inverse dependence 

of Nr upon E. ~p for the previous 24 hours during the months

of June, July and August 1959. Over middle latitude Ross (1960)

and Garriott (1960) have found no systematic dependence during

the winter months. Our results over Ahmedabad are also in

confirmity with these middle latitude results. Lyon (1965) bas

also found that the middle latitude N.r 1s inversely dependent

upon the magnetic activity index in summer months and not in

winter months.

In summer and winter, day-time and night-time values

of Na/Nb exhibit opposite dependence on magnetic activity. In

summer, '(vhile the day-time values of Na/Nb decrease with Ap
t.he night time values increase with Ap • In winter, day-time

shows positive correlation and night-time shows negative

correlation.

Summer and winter also behave differently. During day

time it can be seen that Na/Nb decreases With Ap in summer and

increases with ~ in winter. In the night also this seasonal

effect can be seen. Night-time value of N&/1\ increases with .Ap
in swmner and decreases with ~ in winter. It can also be noticed

that when hpF2 increases with magnetic activity N./Nb deC1:'ea.8s.

A summary of the results has been provided in Table I.
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Table 1

Changes of Hr and related parameters with increase in ~

..~.__ __._ --.•...•........-._.......•..- _ .
Parameter Summer Winter Equinox.•.•.•.•...•.......••••.••.-....................•-_.........•.

Day-time

Kr Negative Uncertain Nelative

If.rll\nax Nil Positive Positive

Na/l\ Negative POld.tive Nil

~r2 Positive Nil Nll

.-~-----_ __ '.._ _- _...••..••...•_.•........
Nisbt-time

Nor Positive Positive Positive

Nr/l\aax Positive Nil Positive

N./1\ Positive Negative Nil

hp'2
Mil Positive Nil

..............................................................
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CHAPT. VI

SATELLITE SIGNAL SCINTILLATIOIS

6.1 Introduction

Radio signals from Beacon Satellites have been usect to

study the small scale inhomogeneities in the electron density of

the ionosphere. These irregularities, when present, cause

scattering of radio waves propagated through them, resulting in

irregular patterns of signal strength on the ground. Racl10

scintillation is a random time variation of the amplitude anel

phase of a radio wave which has propagated through a ~Ilon of

ionospheric inhomogeneities. Generally speaking, diffraction

effects of ionospheric inhomogeneities in refractive index give

rise to scintillations.

Radio scintillation is analogous to visual star

scintillation or twinkling. In both cases the variations are

caused by irregularities in the dielectric constant of the

atmosphere. Air density irregularities are always present in

the troposphere and it is these irregularities which cause

optical scintillation. However, at radio wave-lengths greater

than about 30 cm the dielectric constant of the ionosphere

becomes significantly larger than the dielectric constant of

the tCroposphere. Ther~~ is reason to believe that ionospheric

irregularities are responsible for radio scintillation.
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Radio Star Scintillation

Radio 8lgnals from "stars" were discovered by Karl

Jansky in 1932. In 1946 it was discovered that the intensity of

the radio signal received from the strong radio source 1n Cygnus

was variable (Hey, Parsons and Phillips, 1946). The development

of the correct explanation of this phenomenon was closely

parallel with the development of the explanation of optical 8tar

scintillation. It was first believed that the variations were

due to fluctuations in the source itself (Hey et al, 1946). Later

experimental evidence proved this explanation wrong. As with

light, it is not possible to interpret completely the signal

strength record of scintillation. The variation could be caused

by the motion of a fixed pnttern of radio signal strength past

the antenna, or by changes in an unmoving pattern of signal

strength or both. to study scintillation-producing irregularities

in detail it is necessary to study the distribution of signal

strength over the ground, lts motions and its changes. To do

this, data from several points on the ground are necessary.

Using a pair of receivers spaced 3.9 Km apart, recordings of

the signals from Cygnus were found to be similar (50 to 95 percent

correlated). For a spacing of 20 km, "No detailed correlation

could be found" (Smith, 1950; Little and Lovell, 1950). Thus it

was first revealed that radio star scintillation must be

introduced somewhere in the earth's atlDOsphere.

6.1.2 Satellite Scintillation

On October 5, 1957, the first artificial satellite.
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Sputnik I, was launched. The 20 MHz and 40 MHz beacon signals

from the transmitters on board were observed to scintillate

rapidly and irregularly, at rates of the order of several

fluctuations per second (Kraus and Albus, 1958; Warwick, 1958).

observations in Australia (Slee, 1958) suggested a correlation

between scintillations of satellite signals and radiation from

cosmic sources, though this suggestion was not supported by a

report from Alaska (Parthasarathy and Reid, 1959). Later. many

reports have been published on satellite scintillation over

middle and high latitudes. Relatively fe\.; results have been

published of observations made in low latitudes.

COmParison of radio star and satellite scintillation

Radio star scintillation studies cannot give an

instantaneous picture of the latitudinal variation of the

irregularities. On the other hand, the fast moving earth

satel11.tes can provide a "snap shot" of the irregularities in

the ionosphere. Radio star scintillation studies cannot accurately

locate the height of the scintiD.ation"'produeing 1,rregularitles.

Artificla1 earth satellites offer several good ways of measuring

the height of the irregularities. The easiest method is to

observe the variation of average scintillation index with

satellite height. Using this method it has been reported that

most of the irregularities are within the following height ranges:

200 to 400 Km at Baker Lake (Swenson and Yeh, 1961); 270 to 325 Km

at Cambridge, England (Kent, 1959); 250 to 650 Km at College

Alaska (Basler and Dewitt, 1962).
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Since the satellite velocity is much greater than the

drift velocity of the ionospheric irregularitie., the ground

velocity of the pattern is determined only by the satellite

velocity. satellite height and irregularity height. Bf determining

the velocity of the irregularity patt:ern on the ground, it is

possible to measure the irregularity height.

Scope of the present investigation

Since the advent of artificial satellites, a large

amount of data has been collected over middle and. auroral

latitudes and the effects of ionospheric irregularities on

sa.tel1ite signals have been studied. Relatively. low latitude

scintillations have not been studied in detail. In the present

investigation the role of sporadic E ionisation in producing

satellite signal scintillations has been emphasised and studied

in some detail. The movements of the boundary of F region

irregularities as seen by satellite signal scintillatf.ons has

also been studied. The dependence of scintillation depth on

zenlt:h angle has been determined. The diurnal variation of the

occurrence of scintillation oVer low latitudes bas alsb been

shown.

6.2 Scintillation depth and scintillatlon rate

Different measures of scintillation depth have been

used in observations of radio star and satellite scintillations.

When radio waves are received from a satellite. the deflection
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of the recorder is normally proportional to the ampli1;ude of the

wave. It is therefore convenient to use a measure of the

scintillation depth. This 1s taken as the ratio of the deviation

of the amplitude from the mean amplitude to the mean amplitude.

The deviation may be the mean deviation or the root mean square

deviation.

The receiving system used in the present work has been

described in Chapter III. Since the transmission and reception

are plane polarised, the amplitude scintillations are super-imposed

on Fare.day'fading. A sample record is shown in Fi8.6.1. The

maximum (IX) and minimum (IN) amplitudes of scintillation have

been sealed as shown in 1ig.6.1. IX and IN 8.re sealed at 'the

time of maximum amplitude of each Faraday fade. The scintillation

depth is calculated from the formula

(1)

where S is the scinti.llation depth.

The scintillation rate is given by the number of fades

per second. The frequency response of the strip chart recol:'dar

is 48 cycles/second and the A.G.C. time constant of the receiver

is 8 milli second. The receiving system is capable of recording

fast scintillations. The limitation is due to low chart speeds

which had to be used in order to reduce the consumption of

chart paper. The 40 ~z scintillation rate could be revolved

even with slow chArt speeds. For each transit, the scintillation

rates have been determined at intervals of 30 seconds.
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6.3 Dependence of scintillation on sporadic E ionisation

Fig.6.2 shows the amplitude of satellite signals

recorded at 1455 hours U.T. on May 25, 1965. It can be seen

that the ampl! tude of the scintillations mask the regular Earaday

fading also. The ~onogram taken at the time of this transit on

25th May is shown in Fig.6.3. The presence of strong sporadic E

ionisation can be seen on the ionogram. It can also be noted

that the F layer tra.ce on the ionogram does not exhibit scattered

echoes. Such examples of satellite transits, which gave amplitude

scintillations in the presence of sporadic E ionisation alone,

have been studied separately. In Fig.6.4 the average scintillation

rate of 40 MHz signals have been plotted against fxEs ' which is

the maximum frequency of the sporadic E trace as seen on the

ionogram. It can be seen that the scinti~lation rate increase.

with fxEs • Each value of scintillation rate is the mean value of

about 25 readings taken at intervals of 30 seconds during each

transit.

The values of scintillation depth have also been

calculated for the transits, which gave scintillations in the

presence of sporadic E alone. As mentioned earlier, the

scintillation depth is calculated at the time of m.axi11lU1U

amplitude of each Faraday fade. These values are plotted and

the value corresponding to the time when the satellite crossed

230 N latitude is determined. In Fig.6.5 these values of

scintillation depths at 20 MHz and 40 MHz have been plotted

against the corresponding values of fxEs • It can be seen that
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scintillation depth at 20 MHz is larger than the corresponding

depth at 40 MHz. W1th fxEs • 40 MHz scintillation depth seems to

increase at a faster rate than the 20 MHz depth. From F1g.6.1,

it seems that the scintillation depth increases exponentially

with fxEs. In Fig.6.6. these values have been plotted on

logarithmic scale. The points show a reasonable straight line

dependence. An empirical relationship between scintillation'

depth and fxEs has been determined. The follOWing relationships

have been found :-

(3)

where 5 20 and S40 are the values of scintillation depths at

20 t1Hz and 40 MHz respectively. From the exponential part of

the equations it can be seen that the scintillation depth at

40 MHz increases with fxEs at a faster rate. In Fig.6.7. the

ratios of 20 }ffiz scintillation depth to 40 11Hz scintillation

depth are plotted against fxEs • The individual values of 20 MHJZ

and 40 MHz scintillation depths have been taken from the mean

curves of Fig.6.'. It can be seen from F1g.6.7 that the ratio

decreases with increasing value of fxEs • The rela.tionship between

ratio of scintillation depths and fxE. seems to be of the form

R • C + K (E )-n
s (4)

where R is the ratio of scintillation depths and :is is the value

of fxEs •
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On differentiatina equation (4) wilh h.,..' to I._

we get

(5)

Taking logarithms on both slde.

Log ~~l • log (-rik) • (0+1) log (i.)
dEs

dR
Plot of log (dE:) against log (Es ) must give a straight 11•••

sdR
In Flg.6.8, --- is plotted against E on logarithmic scale.

dE S
sThe points fall in a rea.sonable straight line. From the slope of

thl$ line, the value of 'n' is determined. It comes out to be

-1.75. The relationsl-tip between R and fxEs is given by the

empirical formula. R - 0.8 + 13.3 (Es )-1.75. For l~rge values

of fxEs ' the ratio of 20 ~tZ scintillation depth to 40 MHz

scintillation depth seems to approach unity.

6.4 Scintillation bounds!!

In some of the night time records. a type of scintillation

which stops abruptly at some latitude is noticed. This phenomenon

occurs in all the seasons. An example of a southbound satellite

transit illustrating the scintillation boundary is shown in

Fig.6.9. The change over from intense scintillation to regular

Faraday fading can be seen clearly. Similar transitions have

also been reported to occur at Cambridge, England (Kent, 1959);
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Vancouver, Canada (DeMendonca, 1960); Eoaton, Maas. (Aarons at al.

1963) and Illinois, U.S.A. (Yeh and Swenson, 1964).

Thi s phenomenon occurs on the northern and southern

sides of Ahmedabad. At the time of cessation of scintillation,

the sub-ionospheric latitude is calcul~ted. For determining the

sub-ionospheric latitude, it hAS been assumed that the irregu

larities occurred at a height of 350 KIn.

6.5 Dependence of scintillation boundary on magnetic activity

The values of sub-ionospheric latitudes at the time of

cessation of scintIllation have been plotted in Flg8.6.10 and

6.11 separately for winter and SUlIilfter respecti.vely. In these

figures, open circles are drawn for the transits which showed

continued scintillations towards the north. Closed circles are

drawn for the transits which showed eont:int.!ed scintillation

towards the south. The points indlcate the sub-ionospheric.

latitudes at which sci-ntflle-tion sto1'ped or started end the

arrows indicate the directions in which sci.ntillati.ons continued.

From these figures, it can be seen that the scintillation

boundary moves towards the north ,~s the A i.ndex increases.p

this movement is more conspicuous in winter t.ha.n in summer. Yeh

and Swenson (1964) have noted that such tranSitions move to a

lower latitude when magnetic activity increases. Such an effect

has also been noted by Aarons et al (1963). These results are

for the middle latitude stations, Illinois (40oN) and Massachusetts

(430 N). If 'W~. compare the low latitude and middle latitude results,
) ;
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it seems that the transition regions shift: towards the south

at middle latitudes and towards the no1:th at:. low latitude. with

increase in magnetic activity. More ~e~t. over low latitude

stations will be needed to confirm this behaviour.

6.6 Occurrence of scintillation

For studying the occurrence of scintillation. the

satellite transits have been divided into two groups; one g1:OUP

with scintillation in any part of the transit and the othel:

grou-? wi.thoue any Scilltillation throughout the transit. If

5cintl11ation is sep.:n in any pll\rt of a transit t that transit

is considered as one with scintillation. The percentage occurrence

of scintillation has been calculated for each one hour group

separat'2ly for summer and winter. These values are shown in

Figs.6.12 and 6.13. In general. the scintillation activity is

found to be predominant in summer. In ~dntert during 1964-65.

there was not a single transit, which gave intense scintillations

throughout the transit. In SummeT. there were many instances at

night when intense scintillations could be seen throughout the

transit. The day time scintillation was also more evident in

summer. Since the scintillations are due to the irregularities

in the ionosphere, the percentage occurrence of spread F has

also been found during the same period. These values are shown

in Fig.6.14. In both the seasons. it can be seen that spread r

is mainly a right time phenomenon. It can also be seen that

spread F activity is more in summer. It has been already noted



AHMEDABAD 5-66 SUMMER 1965

PERCENTAGE OF OCCURRENCE OF SCINTILLATIONS

UJIOO
(.)
Z

~ 80
0:
=>
(.)

g GO

w
~

~ 40
UJ
(.)
0:
W
0..

o ,
6 8 10 12 14 16 0 18 20 22

75 EMT

FIG_ 6-12

o 2 4 G

-l'
""



AHMEDABAD 5 _66 WINTE R 1964 _65

'00

40

--~
ow

oz
wa:
a:
~g
o
w
C)

~z
wo
a:
w
~

PERCENTAGE OF OCCURRENCE OF SCINTILLATIONS

20

80

60

06 08 10 12 14 16 18 20 22 24 02 04 06
75

0
EM T

FIG- 6·13



131

AHMEDABAD 1964-1965
PERCENTAGE OCCURRENCE OF SPREAD F

WINTER 1964-65

uJ

~
z
uJ
u
a:
~

6 8 \0 12 14 16 0 18 20 22
75 E.M.T

FIG. 6-14

o 2 4 6

10

o

60

40

20

o



: 132 :

that both sporadic E and spread F can give rise to satellite

scintillations. The occurrence of day-time scintillations in

the absence of spread F may be attributed to sporadic E· ionlsation.

6.7 Dependence of scintillation depth on zenith ansle

The zenith angle of a satellite changes continuously

within a transit. Still it is not possible to derive a relationship

between scintillation depth and zenith angle. because the

scintillation depth depends on other factors also. The latitudinal

variation of scintillat~on depth can mask the zenith angle

dependence.

In Fig.6.15. the values of scintillation depths have

been plotted against sub-satellite latitude. Since our aim 1.

only to see whether there is any latitudinal effect. the sub·

ionospheric latitudes have not been determined. The values

determined in the presence of spread F and sporadic E and in

the presence of sporadic E alone have been plotted separately.

From this figure, it can be seen that the latitudinal variation

of scintillation depth is negligible when spread F and sporadic

E are present simultaneously. When sporadic E alone is present

the scintillation depth shows minimum values on the southam

side of Ahmedabad.

In F1g.6.16, the values of scintillation depths measured

in the presence of spread F and sporadic E have been plotted

against zenith angle. The scintillation depth increases with

zenith angle. There is no appreciable difference between the
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values on the northern and southern sides of Ahmedabad. In

Fig. 6.17, the values of scintillation depth, measured in the

presence of sporadic E alone, have been plotted against zenith

angle. In this case, scintillation depth does not seem to chana.

with zenith angle. It is also possible that the latitudinal

effect masks the zenith angle effect.

Over Brisbane (27.5°5) Singleton and Lynch (1961a)

have also noticed that the little scintillation activity,

experienced in the ease of transits not involving spread F.

does not depend on zenith angle to any great extent. In the cu.

of transits involving spread F. Singleton and Lynch (1962&) have

shown that the scintillation activity increases with zenith

angle, the effect being negligible below about 50°.

6.8 Dependence of ratio of 20 MHz scintillation depth to

40 MHz scintillation depth on zenith qle

In Fig.6.18, the ratio of 20 MHz scintillation depth

to 40 MHz scintillation depth is plotted against the zenith

angle. At Ahmedabad spread F and sporadic E are often present

simultaneously. On one occasion there wa.s only spread F and

sporadic E was not seen on the ionogram. The ratios of scinti

llation depths calculated during this transit are shown .a open

circles. in the dia.gram. The closed circles indicate the values

calculated in the presence of spread F and sporadic E. It can be

seen that the ratio decreases when the zenith angle increases.

The ratio seems to decrease at a faster rate when spread F and

sporadic E are present simultaneouslY.
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6.9 Discussion

The role of sporadic E ionisation in producing satellite

signal scintillations has not been investigated tlll now~ From

the present results, it can be clearly seen that there is a

definite relationship between scintillation depth and the

critical frequency of sporadic E. When spread F and sporadlc I

are present simultaneously, this relationship is not obeyed.

Singleton and l,ynch (1962) determined the correlation between

the mean scintillation index for each pass and the critical

frequency of Es as recorded at Brisbane. They obtained a POOl:

correlation. In the present analysis, the scintillation depth

at the time when the satellite reached 230 N latitude, is well

correlated with the critical frequency of sporadic E.

The close association between radio star scintillatlon

and spread F is well known (Booker, 1958; Briggs, 1958). Several

workers (Kent, 1959; Yeh and Swenson, 1959) have reported a

high correlation between satellite scintillation and spread F.

The present low latitude ,results over Ahmedabad also show good

correlation with spread F.

From the topside ionogrrlms taken by the Alouette .at'ellite,

King at al (1963) have noticed that the boundary of the spread r
region ~.s fairly sharp. Such a type of spread F can give ria. to

the scintillation boundary that is seen in some of the satellite

transits recorded at Ahmedabad.

Singleton and Lynch (1962) determined the zenith angle
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at the time of closest approach of the satelilte fo~ at.u4ylna

the dependence of scintlllation depth on zenith angle. In the

present analysis, the zenith angles have been calculated at

different points on the trajectory. The increase of scintillatlon

depth with zenith angle can still be seen clearly.

Briggs and Parkin (1963) have given the theoretical

values of ratio of 20 MHz scintillation depth to 40 MHz

scintillation depth for various zenith angles. The shape of the

experimental curve obtained at Ahmedabad, in the presence of

spread F alone, is similar to the theoretical curve given by

Briggs and Parkin (1963). When spread r and sporadie E· ..

present simultaneously, the shape of the CU1:'V8 18 quite dlffe'l'eat

from the theoretical curve.
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CONCLUSIOD

The conclusions derived froll the preseDt. investlldioa

are listed in this chapter.

I. The diurnal variation of electron cont.ent is more on

the bottomside of mf:'ximum electron density level <bm'2)
than on the topside.

II. During 1964-65. the electron content and the maxi..

electron density increased from winter to summer. While

Dmax increased by about 17 1.. electron content increased

by about 60 '1.

III. The night time values of N./Nb are la.rger than the day

time values. The values of night time Na/Nb determined

at Ahmedabad are in agreement with the results of Pound

and Yeh (1966).

V. In summer and equinox. the day time values of N.r over

Ahmedabad decrease wi.th magnetic activlty. In wint.er,

the effect of magnetic activity on Nr 1s not clear. This

is in agreement with the middle latitude results of

Garriott (1960), Yeh and Swenson (1961) and Lyon (1965).,
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VII.

VIII.
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In all the seasons, N.r increases with magnetic activity

at night.

In summer, the ratio Na/Nb decreases with magnetic

activity during day time and increases with magnetic

activity in the night. In winter, while 'the daytime

values increase with magnetic activity the night time

values decrease. In equinox, the dependence of Na/Hb
on magnetic activity is not clear.

The day time and night time values of N.r increase

linearly with 10.7 em solar flux. In winter, the day tS:me .

value of Nr increases a.t a slow rate till the solar flux

reaches a value of about 100 units. Beyond.. this, it

increases at a faster rate. During night time. Nor .....

to increase with solar flux at the same rate in all the

aeasons.

IX. The day time values of Nr/nmax increase linearly with

10.7 em solar flux. The rate of change seems to increase

from winter to summer.

x. In the absence of spread F, there is good correlation

between satellite signal scintillations and sporadic B

at .Ahmedabad. The scintillation rate and depth i_1:'....

with fxEs • The empirical relationship between scintillation

depth and fxEs is g1ven by

s • 0 02 (f E )1.5
20 • x s

540 • 0.006 (fxEs)2.0



XII.

XIII.
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where 520 and S40 are the scintillation deptlla meuu""

at 20 MHz and 40 MHz respectively. The empS:r:ical

relationship between the ratio of 20 MHz depth to

40 MHz depth and fxBs is given by

520/540 • 0.8 + 13.3 (fxl s)-1.7S

The scintillation boundary,B.s seen from Ahmedabad.

eeems to move northward with magnetic activity. The

results of middle latitude stations (Aarons et 81. 1963.

Yeh and Swenson, 1964) indicate a movement in the

opposite direction.

In the presence of Spread F. the scintillation deptH

at 20 MHz and 40 MHz increase with zenith angle. In the

presence of sporadic E alone, the zenith angle effect

is not noticeable.

The scintillation activity is found to be more in

8UIIIIle'l' than In winter. Du1"ing the period of obe.watlea•.

the same feature i8 s••n in the case of spread r
occuITenee also.
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