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PREFACE

e et

In the present investigations an attempt has been made to

‘study some of the physical properties of the low latitude

ionosphere and the plasmasphere. The study is hased on the

(a) ionosphere electron content derived from Faraday rotation
measurenents, mede at a chain of stations covering almost entire
Indian sub-continent during the period October 1975 - August’1976
ufing redio beacons from the geostationary satellite ATS-6 and
(1) the plasmasphere electron content derived from simaltaneous
Farsday rotation and the group delay measurements made at allow
1 atitude station Ahmedahed (2%.0°F, 72.6°F, dip. lat. 18.6°N)

during June, July 1976 and at a near equatorial station Ootaceamund

1]

(11.4°H, 76.7°E, dip. lat. %0N), It is worthwhile to note that
the ionosphere electron content measurements using a geostationary
satellite were moce for the first time, at a chain of stations

at low latitudes from magnetic ecuator to ehout 25°N dip lat.

jay)

Tn =zddition the plasmasphere electron content measurements at
low latitudes were not availahble so far; hence the current
investigations .on the plasmasphere form a new contrihution to the

subject. Various ionospheric ena geophysical deta have also heen

studied amnl used for interpretation, wherever necessary .

The total electron content (TEG) defined broadly es the

number of free electrons in a column of unit crosg-section

p—s

o)

cxtending through the ionosphere and shove, can he measured hy
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nunher of techniques out of which the Faredey rotation and

thémgroup“delay techniques—are—of—present—interest—In-the o
 Earaday rotation technique, the angle of rotation of the plane

of polarizeztion of the radio wave is measured as it passes

through the ionosphere whereas in the group delay technique, the
difference in transit times of two radio waves, with different

frequencies, across the medium is measured. It is important to

‘note thet the Faraday rotation angle is strongly dependent upon
;fhellongitudihal comporient of the earth's megnetic field wherees
'Z%Eé dependence of the group delay on the earth's magnetic‘field
‘is insignificent. The Faraday rotation technique, tbgrefore,
gives the ilonosphere electron content NF, upto an altitude of hF
(@hich is ahout 2000 Im for low and mid-letitude stetions and 18
éhout 1500 km for ﬁear equéatorial station like Ootacamund) whereas
the group delay technique gives the electron content NT\upto the

SQtellite height. The difference in electron content measured hy

these two techniques i.e. NT"NF gives the electron content above
JhF, upto the satellite héight along the ray-path. The electron
content so ohteined ig usually btermed as plasmasphere elegtron
content (NP). Keeping in view the errors involved 1in deriving Ny
for Ootacamund to ATS-6 geometry due to uncertainties in geomag-
vnetic field models, the plasmasphere electron content has not
Been studied for this station. However, the difference of the Np
and Np termed as the 'residuesl compounent’ (NR> for the Ootacemund

measurements has heen studied and may Hezoonsidered as 2 rough
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estimate of the plasmasphere content. The importance of the

ecdio hescon. ctudies of the plasmaspherc has been reelised only

recently end not much work has undergone in this direction.

The lay=-out of the thesis is as followss -

The general introduction to the low and equatorial latitude

ionosphere end the plasmasphere is given in the first chapler.
Previous work shout TEC studies et low letitudes and the plasma-
spheric studies using in-situ and whistler measurements have heen

reviewed.

The gecond chapter descri“es the group delay and araday

rotation technigques of electron content measurements . The
calihration factors for these measurements, for the present
satellite geometry have heen descrihed. Uéing actual electron
dengsity profiles over Kodaikaneal and Jicamaroa, the calculations

of megnetic field factor celibration for Ootacemund %o LTS~6
ray-pathh have heen undertaken, and are described in detail . DLastly
a description of the computations of elevation, azimuth, range,

sub~ionospheric points end magnetic field factors, is given

in the same chapter.

In the third chapter, the morphological studies like diurnel,

seasonal , letitudinel end dey to day variations of TEC at low
‘latitudes has heen described. A comparison has heen made

hetween electron contents Ny and Np, ohtained from Faraday rotation
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f, gnd the group delay techniques respectively. The gquiet time

varietions of the residuel electron content (Nq) at Ootacemund
: 4
and the plasmasphere electron content (NP) at Ahmedebad, have

heen described and discussed in the same chapter.

The fourth chapter deals with the electron contént studies
 fin’¢onjunction with the hottomside ionosonde data. The dailly
iVariafion of equatorial TEC has meen compared with the variations
be many different parémeters like equatorial Nsz, crest region
“fiTEC, topside electron content Ha, hottomside electron content Ny s

vt

slah-thickness 'L , semi-thickness y , and the height of the
Peak F-region electron density hm7 etc. &4 detailed study of the
' félab-thiokness of the equatorial ionosphere using hoth NF and Np

data has slso heen undertaken and is described in this chapter.

—

The fifth chapter descrihes the iInfluence of electrojet on

the low latitude ionosphere. The role of electrojet in letitudinal
 'fdistribution of TEC under different geomagnetic conditions and
2lso in the anomalous semi-ammual variation of TuC at low 1aﬁitudes
 has Meen studied and discussed. Lastly the day to day varia“iliiy‘
vl Of the 1ow:}atitude'ionosphere in conjunction with electrojet

strength has heen discussed.

The lunar tidal effects in the low latitude TEC and in the

equatorial N ¥, and gleh-thickness heve heen separated and
Studied in the gixth chapter. A brief summary of the previous

v e

, WQrk on luner tidel effects in the F-region of the low latitude



~ionosphere is elso given in the same chapter.

The storm time effects on the low and equatorisl latitude

IZC and equetoriel W have heen descrihed in the geventh chapter
of the thesis. 1In addition the storm time effects on the residual

electron content (V ) ot Ootacamund has been studied and discussed

'-gﬁin terms of solar wind velocity end geomagnetic uot1v1ty dependerice

of NR'

The chth chapter describes the numerical model for low

latitude ionosphere TEC for different solar activity conditions.

_Its applications to satellite tracking systems have heen des scribed.

The conclusions of the present investigetions are summarised

in the last i.e. in ninth chapter. ©Some suggestions for the future

work heve also heen included in this chepter.

It is sincerely hoped that the present work has made sowme
contrihution in the hetter understanding of the complex ionospheric
and plasmaspheric processes; though it is heing wished, keeping
in'view the Finstein's remark which says:

"Onething I have learned in a long life:
that all our science, measured agains®
reality; is primitive emd childlike - and
yet it is the most precious thing we havel.

J\\r\n/? (A"
(SeTng )
(Gauteam Chcnd Sethia)

Author
Oortlflcd hys

R fas

l---"lr; TN ([e MAA..."C\

k,f(h.G.uﬁpé )T (H. Chandra)
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INTROLUGTION TO THE 1,09 LACTIUDE IONOSPHERE AND THE

PLACMASPHERE

Introduction to the Tonosphere

The ionosphere is a region of the upper atmosphere which
contains free electrons and ilons. It heging at height of ahout
SO Jm with no well defined upper limits. The ions and electrons
are most ahundant at heights of around 300 km but they represent
? only one thousandth of the air density even at thet level; so the
\fionospbere cen be regorded as e weakly lonized plasma emhedded in

the earth's megnetic field. 3But as regards its practical utility

‘and scientific interest, the ionization has attracted as much

sattention as the neutrsl air from which 1t 18 procduced by the
action of solar rediation. The most important property of the
ionosphere is to reflect -~ under suitzhle conditions - long,

medium and short =aves used for hroadcasting and radio

communication.

o The early investigetions frcm rodio sounding of the ionosphere
:(Breit and Tuve 1925, Appleton end warmetdt 1925 ) had revesled thé
éxistemoe 6f distinct layers, conventionally designated as D

<7O to 90 im), & (90 to 150 km) end ¥ (150 to 500 Ikm) regions
whose reflecting properties end ohysical characteristics are
'distiﬁct and show marked variations, partly syslematic end partly

irregular. & debeailed descripticn of various technicues of probing

"""» ‘ . . . I . . W=
the ionosphere is gilven 1n the April issue of the Journal of

Atmospheric snd Terrestrial Physics, 1970.
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Physices of the Equetorial Ionosphere

Once routine mopitoring of
iidespread,
\"ﬁé,hebaviour of the equatorial
'ﬁhe hehaviour of the ionosphere
that these differences were nob

f;equ;tor hut by the dip equator.

‘The major influence of the
;,EQUaﬁorial ionosphere (in E and
,P?rticles

,‘ross them. Near dip equator
’hib?iyzontal (along N-3).
Vefticnl
s

attempting to hlow

appears that the large-scale ele

region some 10°

The ahove mentioned Sg
variation of the

the 1latitude of

soon it became apparent that certain

the magnetic field lines
or in en eastwest direction by electric fields only.

the ionization across magnetic lines
100-110 ¥m height renge (the dynsmo region).

system drives the Sq (quiet Sun) current system.

current
geomsgnetic field with =

the ohgervation point rela

the 1onosphere had hecome
espects of
ionosphere differed greatly from
It was aléo found

elsewhere.

determined by the geographic

Barth's magnetic field on the

¥ regionS) arises hecause charged

move more freely along the magnetic lines of force than

are

Hence the ionization can he moved in a

It

known that electric fields are produced hy the neutral winds

in the
This electric field
In practice it
the dynamo

ctric fields set up in

to 15° in latitude away from the equeator, travel
»’ﬁhe highly conducting magnetic lines to appear virtually

diminished in the equatorial F-region (150 km end ahove) .

system csuses a diurnal
range, which depends

tive to the Sg current



_ system. Ground hased magnetometers when placed near the dip

equator show en ahnormally lerge emplitude for the daily
variation of the horizontal component (H) of the earth's

magnetic field (Chepman rnd Bertels 1940). Pig.1.1 (after

Hatsushita and Campbell 1967) illustrates the ahnormélly large
?5niiurnal renge in K in the equatorial region. The enhancement
iSu“elieved to he caused by an electric current flowing eastward
_ig the dynamo region ahove the dip equator which has & width of
ahout 500 km. The source of this current is the special
'géometry of the geomagnetic field at the dip equator which causes

a verticel Hall polerigzation field resulting in enhanced

xtra current

[ 0]
D

conductivity in the eastward direction. Thi

known as the equatorial electrojet (Chapman 1951) causes

several interesting phenomena in the equetorial ionosphere.

The more details regarding the conductivities of the equatorial

el

'Jionosphere are described in the next section.

1.1.2 Conductivity in the Ionosphere and the Lqustorial
BLlectrojet

in excellent review onl the electriczl conductivity of the
lonosphere hes been given My Chapman (1956) . The presence of
%éomegnetic field mekes the conductivity, anisotropic in nature.
Cbarged particles, electrons and positive ions, move freely

in the direction of the carth's megnetic field ™ut are forced to

Spiral round the field lines with engular frequenciesiké andjuﬁ

"egpectively, and this reduces their mohility transverse to the



field. The ions end electrons also undergo collisions with

 frequency‘gﬁ and L respectively, which interfere with the

_movement of electrons along the field lines. If there ere N
_electrons and ions per unit volume end their respective masses

end m; , the electrical conductivity g (known as

earem 0

e
ongitudinel conductivity) along the direction of the magnetic

field is given by:

' . 2 1 1
Q‘ = = :N e ( “W‘“"i‘;’““"’ ~+ T ) ) ( 1 3 1 )
0 m e ¥ e }ﬂi D :L

and is the seme as the conductivity in the absence of the field.

The Pederson conductivity {TT; transverse to the field is

Gr= Tl |ty L | (1.2)
Vet We T e RN N

D

indicating thet the electronic and ionic components of Ty ere

~each smeller then g7 My the factors ( mﬁ/(tu2+ W) which vary with
¥ and hence with height. Vhen the electric field is perpendicula

to the magnetic field there will elso he a Hall current flowing

in the direction ( - & x H ) with Hall conduotivity<jé given by

2/ We L - Wi ,\\(1 5)

e e - e e W, . R A s
- 2 \ 2 2 2 ‘
m W.T o+ 1. O .

K o L, + .7 ) my (Wy© + vy )//
end the electronic end ionic components of ¢; are seen to he
o . et
2)

©

e . ‘ 9]
"maller than those hy o7 by factors PO/ (W +

Near magnetic equator, the Ii2ll current is dinhihited giving

}SQ to a2 vertical polarizeotion field. This gives rise to an



5

additional conductivity in the same direction as the normal

Pederson conductivity ((r%). The effective conductivity is known

_as the cowling\conductivity(jg, and is given My:

., g
o3 = 0yt G (1.4)

If we essume a rectangular co-ordinste system such that the
¢~y plane coincides with the ground, the positive z axis is
‘VeIiically upwerds, the positive y direction is eastward and

the positive x direction is south, the resultent conductivities

Go_ T7

o I (1.52)
a , | '
XX gg‘Sine I+ g? 0052 I
=2 T
— e e 2v2 I 4+ T7 (1.5%)
vy (o5 tan I+ @7 )
5= - 0802 .. Binl_ (1.5¢)
xy ; 5in® I + 57 Gos® I

“here T is the megnetic dip sngle. At the magnetic equeator

=0, ana

Txx = Go ' (1.6a)
D -
= e w2 e .
) vy 3 + G-? = ) % ( 1 .617>
G;& = 0 (1.6¢)



Graphs showing the variation with altitude of the conducti-

vities T GZ‘and(*% have heen celculated for typical ionospheric
i - G

 conditions by Chapman (1956) and are shown in Fig.l.2a,b (after
_ Chapman and Leja Rao 1965). The cowling conductivity, 6%, is the
most important near the magnetic equetor and takes large values

within a comparatively narrow range of heights near 100 lan, thus

justifying the assumption thet the dynamo region approximates to a
bounded sleh. PFurther consideration of the ahove equations shows

that velues of . within a few degreces of the equator are

yy

_ greater hy an order of mggnitude than elsewhere, leading 1o a
large intensification of the Sq currents in these regions. The
equatorial electrojet cem thus he rggarded as a logicel conseguence

of the dynamo theory of Sq when the svisotropic electric

4=

couductivity of the ionosphere is taken into account .

g of the Bouatorial F-region

¢

1.1.% Important Featur

a) The Equatorial Anomaly:~ The F2 region in the equatorial
létitudes is marked hy two distinct features (i) Daily variation
 Of’the criticel freguency (foFQ) shows peaks in the morning and
 late evening with a valley near noon, generally known as midday
_hite~out (Berkner amd Wells 1934 , Maeda 1955). (ii) Latitudinal
 910t of noon fOF2 ageinst magnetic dip shows two mexima around
'309 dip with a trough around magnetic equator (Lppleton 1946),
igenérally known as the Appleton anomaly o the equatorial anomaly.
‘foﬁh the midday Pite-~out and the equatorial trough in f_F,,

Ustrated in Fig.1.% (after Paaaram-19/7)? are explained in terms
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(n) The Daily Veriation of hmF s~ Obgervations of hsz, the

2 B
of the F2 region pesk electron density, are much fewer than

height

those of ¥ primerily heceuse of the greater difficulty in

max ‘2
reducing the ionosonde dzta to ohtsin it. Incoherent scatter

"',radar yields the height directly hut there are very few stations

employing this technique.

buring solar minimum years on guiet equinoctial deys near the
~ dip equator (African sector), Olatunji (1965) and Lyon (1965)

reported that hmF lied hetween 300 km and 350 km from 1200 hr LT

nNo

to 1800 hr IT. Farley (1966) using incoherent scatter radar found

the same velues of hmFZ in the 4mericen sector. All these investi-

Fo

bations showed thet during night hmF2 decreases slowly to around
275 ¥m by 0500 hr LT,

A different deily variation of hmFZ is found during solar

- Haximum years. In the Africzn sector (Olatumji 1965 ) hmF2 is

found to increase from 300 xm at 0700 hr LT to 500 Im hy 1400 hr LT

i ‘.l, . L N . N . ) . . N —_ .
Malntaining this altitude $ill sun set. After sunset, hmro riges

"apidly ettaining 600 Im by 2100 hr LT. Similar post-sunset
’haViour,iS elso noticed in the Americen sector (Iyon and Thomas
19%3).

In the Indien sector the noontime F-region heights are found

=)
, LO be around 500 ¥m for bigh, 400 km for medium end 300 km for
1OW Sunspot years (Chendra et al. 1973, ke jaram and Restogi 1977) .

,A. s s e s LT . . .
, ”Sudden rige in th2 after sunset is most pronounced in high
b

tnd is lesst in low sunspot years. The post-sunset



height rise of the F-region is a characteristic of the equa

locations and is not observed at sub-tropicel (say 18° aip 1latitude)

or at mid—-Latitudes (say 30°N dip letitude) stations (Rastogi 1971).
The Jicamarce incoherent hackscatter radar has shown strong upward
vertical plesma drifts in the F-region in high sunspot years soon
efter sunset (Yoodmzn 1970) indicating the onset of a strong

eastward electric field in the equatorizl ionosphere.

(c) The Ilectron end the Ion Temperatures: - One of the
consequences of the equeatorial & x B uplift appears to manifest
in the altitude profiles of the electron snd isn temperatures.
Normally electron tempersture Te’ should gredually rise zdove

I

neutral gas temperature T%y in the region 70 km to abhout 400 km,

hould “ecome almost constant with altitude.

w0

end heyond it, it

The ion temperature T

i would retain valueg near Tg till zbhout

300 Y, end heyond this swerve %o values erualling Te in the
vicinity of 1000 km (Banks and Kockarts 1973). Thus the ratio
Te/"f:.L should decrease monotonically with height to approach /
’umity near 1000 km. The observations of Ferley et al. (1967)

at the equatorial station Jicemarca indicate major deviations from
the expected pattern. It is found that throughout the day time
hours, from-150-300 km, Te is grester than ii. The ratio Te/Ti,
commonly reaches a maximum value of 2 around 250 km, and it is
unity helow 150 km and ahove 300 lm. During night at all
altitudes, fe’N’Tin The explanation for the deviations from the

- S N 8 . . . - . .
expected "ehaviour seems to lie in the .l x B upwerd drift which

- moves ion and electrons together. The thermal contact between
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these components of plasma commences frOm 220 km onwerds causing

t0 decrease; around 300 lan, when the themmel contact is total,

1.1.4 The Geomegnetic Storm Effects on the Iguatorial
F-~region

Over the years the scientific prohlems posed hy geomagn eLlo
storms and the accompanying ionospheric phenomena have proved very
difficult. This applies perticularly to the F-region effects
meny possible causes of which hove been proposed such as tempera-
ture incresses (Appleton md Ingram 1935), changes in chemical
composition (Seaton 1956), electromegnetic drifts (Maeda and Sato
1959) and neutrsl winds (Lohl and King 1967). IZone of these can
he solely responsihle for all the storm phenomena, though each
mnay have a part to play (Rishiheth 1975).

(a) i Resume of the Storm Effects:- The F-region displays
much day to day varighility, so a "storm” is nolt alweys easy to
define. Markec perturbations sometimes occur even in magnetically
quiet times (e.r. Sﬁith et al. 1968). However, some well-marked
F~région phenomena do usuelly accompany severe magnetic storms
(Rajaram et al. 1971, Someyajulu 197! Kane 197%). The effect of
magnetic storms on the critical frequency of the Fy region <foF2)

‘at different latitudes has heen studied ™y various workers. In
genéral it is found that during disturhances EOF2 increases at low
e

geomegnetic latitudes ( « 30° dip) and decreeses at high geomagnetic
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letitudes (( 70° dip) in all seasons, while et mid-latitude (> 30°

)

n
)

1

O.L 2 [

an increase in winter and a decrease in summer and eguinoxes .

Q

we—e—seasonal-change over with

(Appleton et al. 1937, Berkner and Seaton 1940, Marsyn 1953,

Hatsusghite 1959, Maeda and Sato 1959) .

Local time variation of changes in fo}2 at an equatorial

tation hes been shown hy Olatunji (1966) such that the £.7,
increases duriﬁg daytime cnd decreases at night. Such a variation

cen he noticed in the results reported hy Rajarsm and Rastogi

(1969) for summer, hut different variations are ohserved for

other seasonsS.

During stoyms the latitudinal trough in f P - the iAppleton
anomaly - is poorly developed or completely absent (King et =21.
1967, Rush et al. 1969, iastogi et =l. 1972). On occasions,
however an enhancément of the anomely has heen found (Reghavarao
end Sivareman 1973). Lockwood end Welms (1964) have shown thatb
an equatorigl ledge in topside electron density profile which
corresnonds to the formation of the equatorial anomaly teunds to

he 1lses ohservahle during high Kp neriods.

A slight increase in k ﬁ 2t the ecquotorial stetions during
storms has heen shown hy Matsushita (1962), while Olatunji (1965)

2 A4

and hajaram =nd Restogi (1968) have noted that disturbance

et

variations in bmFZ at the ecuator gre not significanv.
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(1) Mechanisms of the Storm Effeets (Ris whct 1975): - Atleast

__four processes are likely to make major contributions to the

equatorisl storm effects. First, the storm generated equatorward
winde, though not necessarily symmetrical with regspect to magnetic
latitude, must tend to converge on the magnetic equator. Hence
the field aligned drifts that they produce oppose the poleward
diffusion of »lesma along the field lines. Thus the formation

of the crests of the equatori g enomaly is hindered (Burge at al.
197%). In fact calculations by Rush (1972) show that appropriately
phased winds could have such an effect; they increase the mean
lifetime of plasma by keeping it at a height where the loss
coefficient is small, and retarding its diffusion to lower heighfé
where it is large. As a consequence there must he a considerahle
increase in bthe total amount of plac cma in the equatorial F-layer.
Second, the convergence of the winds produces some plasna |
compression (which must onerate at mid-latitudes too). If within
& north-pouth distance (x) of 6000 lm, say, the equatorward wind

speed V decreases from %00 m/s to gero, the compression is s

aN/dt = - av/dx = % .10 s (1.7)

)

=t

This is & significent froction of the loss coefficient at
the F-region Peak:(10~4—10*3ﬁ“1y depending on circumstances). So
there will be some effect on electron density I, though not on
botel electron content. Third, if the equatorward winds are

strong enough, to reach the equatorial ]”thuuou, the increased

molecular/etomic ratio will tend to cause negeative storm effects
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just as it does clsewhere (Seaton 1956, Rishheth 1962).

Fourth, electromagnetic drifts are important at low latitudes

end if they are sltered during storms, the development of the 
equatorial trough will be affected. The L~V drift of the
ionization irregularities near magnetic equator which are
related to electric fields, are shown to he reduced on magne-
.iically disturbed days (Rastogi et al. 1971) and even reversed
on gome of the magnetic storms (Chandra end Rastogi 1974).

Ahnormal vertical drifts, which must be due to electric fields,

‘have heen measured at Jicamarca during storms, snd drift data

of the ohserved N(h,t) distributions (Woodman et al. 1972). This
work confirms the importence of electric fields during storms
~though i1t did not consider the latitude variations of N which
require further study.

1.1.5 Deview of Totel Tlectron Content (TEC) Studies at
Low Latitudes

the ionosphere were ohtained by Browne et al. (1956) and Bvans

(1957) from the Faradsy rotation of 120 MHz radio waves reflected

from the moon. A big spurt of such measurements came with the

launching of BE~8 and SE-C satellites orbiting at heights of
1000~4400>km. Mést of.the data on equatorial end low latitude
- TEC has heen ohtained hy low orhiting satellites (Shirke and
Remakrishnen 1966, Basu and Dag Gupta 1968, sendyopadhyay 1970,

Tyagi end Mitra 1970, Rastogi et al. 197%, 75, Iyer et al. 1976,

for a great storm in March 1970 were used in a successful synthesis

The earliest estimstes of the total electron content (TEC) of
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uéihg geostationary satellites (Garriot et al. 1965, Koster 1966,

Hunter 1970, Yeboah-Amankwah and Koster 1972) . Measurements

‘ﬁéing orhiting satellites are most suited to study the spatisl
}f&ariatioﬁs of TiLC, while geostationary satellites are superior in
  féspect of contimuous monitoring with high time resolution. TG
  measurements'using low as well as geostationary satellites have
;fbéeﬂ extensively made at mid-latitudes (Titheridze 1966, 1972,
'*,9737 Garriot et al. 1967, Smith 1968, Davis end da Rosa 1969,
éndillo et gl. 1970), but comperatively very meagre datae exist

'for low and tropical latitudes.

Latitudinal variation of TEC hos heen studied hy Basu and
’  bas Gupta (1968), Titheridge and Smith (1969), de Mendonca et al.

~ (1969), Golton and Walker (1971) end Rastogi et al. (1973, 1975,
‘ 1977) in the equaztorial and low latitudes using Faraday rotation

of VHF sisnals from the satellites £E-8 and ©u~C. The results from
combined ohservations at Singapore (dip 18°8), Pangkok (1%°N dip) ’
and HOng Kong (30.5°N dip), all in the same longitude sector

h@éve indicated a distinct trough of TEC near the dip equator, end
 Crests at + 30° dip (Rufenach et al. 1968) . Thus the above
 referred studies clearly indicate the existence of the equatorial
f anoma1y in TEC similer to the one in fOFz, in its letitudinal
varietion. de Mendonca et al. (1969) have derived the contours of
* TEG in the southern hemisvphere low laztitudes which also indicate

  the presence of the equatorial enomaly in TEC.
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Dunford (1967) ohtained a positive correlation hetween H~

region current system near the magnetic equator and the

“ﬁﬁzﬁcriai~@nomaly'usiug topside—sounder-data. —lac bougall (1969)
‘3énd Rastogi and Rsjaranm (1971) using fon values near the
~;magnetic equator have given evidence that the equetorial anoma1y 
éhows high correlation with electrojet strength and poor

Qbrrelation with Sqg current strength. BRush and Richmond (1973)

have ohtained positive correlation hetween several parameters

yléharaoterising the equatorial anomaly in foFZ and fhe electrojet
  Stremgth, Ls for the equétorial anomaly in TEC is concerned,
‘“geomagnetic control of this anomaly has heen studied by DasAGupta"
‘and Zasu (1971) and Iyer et sl. (1976). Influence of solar flux
and equatorial electrojet on the diurnal development of the |
ie@uatorial enomely in TEC was investigated by Walker and Ma (1972).
;Comhining the orhiting satellite data for a few months one can
also ohtain s daily variation of TEC at = particular location.

it oa tropical latitude, i.e. Ahmedahad, close to the crest of the
”équatoria} anomaly , dally variation of TEC and fOF2 have been
“foundﬂto he gimilar (Rastogi emd Sharma 1971). However, there
,fhave heen discrepancies in the daily variation of TEC in the
equatorial region . Blumle. (1962) reported absence of hite-out
‘at'Huancayo, whereas for the same station from later ohservations
Sandyonadhyay (1970) inferred bite-out to he present. Observations
at IThadan, Thumha and Kodaikanal did not show any bite-out in TEC
(Olatunji 1967, Kestogi et al. 1973, 1975, Iver and Rastogi 1978).

 Rufenacb et al. (1968) reported that fOP at Bangkok showed the

2

Oresence of bite-out in its daily variation but no corresponding
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One of the difficulties in deriving a conclusive result

hout the deily variation of TEC from measurements from the

rbiting satellites has heen that a single daily variation curve
can he ohtained only from date of at least a few months. The
hescons aboard = geostationary satellite, therefore, are heing

used these days as it provides continuous ohservation over a

long period of time. Thus a good time resolution is achieved.
1.2 Introduction to the Plasmasphere-Plasmapause

The region of space around the earth in which the earth's
megnetic field is the dominent influence controlling the
motions of charged particles is known as the maghetosphere.
Basically the magnetosphere consists of two parts. There is an

inner, corotating component called the plasmasphere, which

belongs topologically to the region of influence of the
lonosphere. The plasmasphere is surrounded hy a region containing
tenuous plasme, which is controlled by the convection electric
field induced by the solar wind interaction with the earth's
magnetic fieldad (Axfordland Hines 1961, Dungey 1961). The two
regions are separated by a houndary situated in‘the equatorial
’Plasma at a geocentric distance of 4 to 5 earth radii, known as
the plasmapsuse (Carpenter 196%, Gringauz 196%). At the plasmé~
pause the electron density drops sharply by a factor of 100 or
o (for reviews see Carpenter and Park 1973, Chappell 1972,

Gringesuz cnd Bezrukikh 1977 and the references therein) .
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fhermal plesma in the plasmasphere originates in the

ﬂogthTGGMWheTeW%heMphO¢@i@niga$i@nm@£momproduceswcgpiousYWWWWMW”
moﬁnts of electrons and 0" ions. The resulting photoelectrons
th energies of tens of electron volts can easlly escape into
thé plesmasphere thereby increasing the energy density levels

ih that region. However, photoelectrons, unaccompanied hy ions,
do not result in net density increases in the plasmasphere
hecause an equal numher of cold electrons must flow downward

iﬁ order to maintsin charge neutrality. in increéSe iﬂ'plasmas~,
pheric numher density regquires upward fluxes of hoth electrons
and iong. Ion%spberio 0" ions are too heavy to accompany the
electrons to great heights. 0" ions in the topside ionosphere

first undergo a change exchange reaction:

0 v H —so0 4 B | (1.8)

and the resultant HY ions diffuse upward to populate the
7] csmas h e T e e ot 1 ions For s :
 Plesmasphere. The chenge over from to H' ions occurs typically

_at 1000-2000 km, the so called "transition altitude®.

There sre two important mechanisms for loss of plasma from
the plasmasphere. If plasma pressure in the underlying ionbsphere
decreeses helow an equili®rium level at night, or during magnetic
storms, downwerd flow from the plasmasphere results. 0" ions are
produced hy down coming protons through charge exchange with O
(2 reversrl of the reaction cited in the foregoing paragraph) and
bhelp maintain the 0% dominated T layer. The other loss mechanism

involves large-scele convection electric fields, carrying tuhes
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~of plesma into high latitude open field regions permitting the

_plasma to esceps into the geomagnetic tail or interplanetary

space. The second process has been widely accepted as an
‘explanation of the large density jump at the plasmapause

(Wishida 1966, Brice 1967, Kevangh et al. 1968). The piasmapauge
position may renge from I = 2 during severe magnetic storms

to L = 8 during very quiet times.
1.2.1 The Theory of Magnetospheric Convection

Megnetogpheric plasma convection has bPeen reviewed in detail
hy Axford (1969). A viscous-like interaction hetween plasma and
magnetic field (4xford snd Hin es 1961) and‘ma-netio—field~line
merging (Dungey 1961) have heen proposed as the mechanisms that
produce magnetospheric convection. In general the convection
- model assumes the presence of o large scale electric field
directed from dawn to dusk across the magnetosphere. Cherged
particles within the megnetosphere acquire an E x B directed
drift owing to this electric field (I is the convection electric
field end B is the earth's mégnetic field). This drift is
general ly in & sunwerd direction in the magnetospheric equatorial
bplane. The motion of low-energy charged particles such as those
in the plesmasphere can e significantly affected by this
convection field, Since their gradient and curvature drifts
in the megnetic fiecld are very smell. The originzl convection

odels of the plasmezpause explained the steep gredient in the

‘blasma density profile as the houndery hetween magnetic flux tubes
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of plasma that corotate with the earth, remaining alweys in a

closed configuration and therefore holding their plasma, and_ .

 thoSé that have their motion dominated by the convection
ﬁ e1ectrio field (Wishida 1966, Brice 1967). The convection-
~;d0minated flux tubes are convected sunwzrd to the magnetopause,
where they lose their plasma. In the convection model, the
pfecige shape end position of +the ﬁlasmapause are determined in
Part hy the megnitude of the dawp-dusk convection field in the
‘magnetosphere and @ chenge in this electric field is’refleoted
vin the changing dynamics of the plasmasphere.

Following the qualitative ideas of Lxford and Hines, Nighida
and 3rice, Kavangh et al. (1968) made some more cuentitative

calculations of the drifts paths of particles in the magnetospheric

convection field. These euthore assumed different values for the

strength of the convection electric field, and superimposed this

field on the ecarth's corotation electric field in a model magnetic

field due to Meaq (194). An exemple of the resulting Arift path. ~

for zero energy sarticles is shown in Fig.1.6 (after Kavanszh et al.

1968). The drift paths shown are

also equipotentials since the

drift of mero energy perticles in the E x 5 direction is slong

equipotential surfaces. The last closed ecuipotential defines

v i - wa ] ‘I . .. 4 . .
@ "tear-drop" shaped Plasmapsuse. A chenge in the megnitude of

AR e A e o .
the convection field will not change the shepe of the Fflow

_ bPattern, but only the size of the "tear-drop' shape. lor example,

,@D 1ncrease in the convection field will decrease in the tes -drop

ﬁsgion surrounding the closed flow PETHS
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In the above snalyiicel model, the solar wind induced electric

field is supposed to have 2 uniform intensity directed from davm

;ito dusk across the megnetosphere. ¥olf (1970) and Grehowsky (1971)
pointed out that the concept of uniform convection electric field
‘may be invalid on the dayside of the earth, due to the 'shorting
out' of the megnetospheric electric fields hy the highly
’ccnducting deytime ionosphere. Grebowsky (1971) proposed that
the dayside electric field venishes in the rest freme of the
’rotating ionosphere, and this results in the plesmapause
‘kconfiguratiom as depicted in iig.1.7 (efter Grehowsky 1971). The
most marked difference from Fig.1.6 to Fig.1.7 is that the time

of the extreme plasmapsuse hulge has chianged from 1800 LT to

2100 LT, The comparison of the theoretical predictions with

;ohservations has bheen deogscrihed in the following section.
1.242 A Resume of Previous Work on Plasmazphere-Flasmapeuse

Much work has been done about plasmesphere-plasmapause uging
in-situ satellite =g well as whistler observations (Carpenter znd
Perk 197%,Cheppell 1972, Gringeuz and Bezrukikh . 1977). The

_highlights of these studics cen Pe summarised as followss —

(a) Results of In-situ Measurements:; -~ Gringauz (196%)
- reporved e merked decrease in the positive ion density at ~4 RE’
Using luner rockets, launched in 1959. Also it wes noted that

ol

DPlasmepavse location Lpp (L is the McIlwain magnetic shell number)

ias inversely correlated with the maximum KP index, the day hefore

The mea2suremenss (Gringauz and Dezrukikh 1977) .
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Using Ogo 1 cnd 3 oPservations it was found that the

plasmapause position was inversely related to the magnetic

activity index AP ( Teylor et al. 1965, 1968) . In particular Lpp

el

nes found to be well correlated with the mezzimum Kp index
recorded during the 24 hour period before the observations.
vUéing Ogo-3 ohservations in the middle of 1966, Tsylor et al.
;(ﬁ970) investigeted the dusk bulge region of the plasmapause.
It was shown thet the plasmepause was, at all local times, 1.5
lbto 2 L velues farther from the earth‘than the average values
1derived from 1963 whistler ohservetions. This could be due to
 the hias of the whistler ohservations to post main phase.
conditions when Lpp is reduced; eltemeatively Carpenter amd
Park (1973) suggest that Taylor et al. (1970) may have used the

outermost plasmapause position in their studies.

Using Faraday cup ohservations shosard IMP2, Binasack (1967)

showed that the plasmapeuse position wes related to the KP index
at the time of the messurement by s
L =6,0 -0.6 K ' -9
op = 6 Ky (1.9)

the satellite Ogo-5 provided the most extensive in-situ
?“Servations of the plasmapeuse. Uging Ogo-5 ohgervations,
qhappell et 2l. (1970) have studied the influence of magn etic
activity on the plesmapsuse position wt 0200 4+ 2 hours and
*ﬂOOO + 2 hours LT. Tor hoth periods Lpp decreases with

thcreasing activity; for the former period, the lag of the
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plasmapause hehind the magnetic activity change 1is ~.2 to 6 hours.

With increcsed activity, the sharpness of the knee increases,

the density inside and outside the knee remainihg constant at
~100 o™ end ~ 1 en™? respectively. These points are
illustrated by the four night-time profiles shown in_Fig.1.8
(after Chappell et al. 1970) . Gheppell ¢t al. (1971) deduced
an everage L-LT configuretion of the plasmepause which was
nearly symmebric ahout dusk. However, the Explorer 45 ohserva-
tions of the plasmapause showed & hulge located after dusk
](Maynard and Grehowsky 1977) which is more in agreement with
whistler observations (Carpenter 1966) than with Ogo-5 ohserva-

tione.
(h) Results of “histler Measurements: -

(1) in ahrupt decresse in the equatorial thermal plasma
density with incressing geocentric distance was originally
detected in 1963 hy ground hased whistler ohservations (Carpenter

2 196%) and by in-situ ion density measurements (Gringeuz 1963) .

(1i) The whistler ohservetions have shown a dawn-dusk

a

esymmetry in plasmapsuse equatorizl radius (or I velue) with a

‘minimum typically between 0300 and 0900 LT and a meximum near

2000 LT (Carpenter 1966, 1967).

(ii1) Also it is found that bthe plasmapeouse moves inward
Guring periods of increasing magnetic disturbance. On the hasis

of data presented in Cerpenter (1967), Carpenter and Pork (1973)
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proposed a formula L = 5.7 = 0.47 K which can he uged as a

bp
_crude—predictor—of plasmapause position in the midnight-dawn
 sector. Kp represents the meximum Kp value in the preceding 12
hours.

-(iv) The whistler studies have also Sbown that most of the
repid displacement& of the plasmapsuse occur in the midnight
sector and that these changes are associated with magnetospheric
substorms (Carpenter and Stone 1967, Carpenter 1970). More

:vprecisely the repid inward displacements of the plesmapause
observed during substorm events appear to he a part of the

crogs L motions of the plasma within the plasmesphere (Carpenter

et al. 1972, Cerpenter and Seely 1976).

(v) Whistler ohservetions near L = 4 and under quiet-

conditions showed a daytime upward flux of~3 x 108 61 cm~2 s ena
a night-time downwerd flux of ~ 1.5 x 108 1 em™@ 571 across
the 1000 km level (Park 1970); this latter amount is considered

sufficient to maintain the nocturnal ionosphere.

1.3 The Scope of the Present Investigations

As previously mentioned, orhiting sstellites provide very
good spetiel resolution but the temporal resolution is seriously
limited. The heccons ahoard a geostationary satellite provide a
continuous mezsurement of TEC at a particular location, hence

L

with the combination of a numher of stations using the same

hescon, it is possible to have hoth temporel es well as gnatial
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“resolution. The repositioning of ATS~6 at 35°L, in July 1975,

were cerried out st a numbher of institutions in India. The

Physical Research Leborestory, Ahmedabad undertook the

 scientific project on ATS-6 in collehoration with a number of

institutions in India. The 1ist of the collaborating

ingtitutions is as follows: —

(1) PRL, Lhmedahsd
{1i) Punjabi University, Paticzla
(iii) University of Rajasthan, Jaipur
(iv) University of Udaipur, Udacipur
(v) &.V. Parekh Technicel Institute, Rajkot

(vi) 1Indian Institute of Geomagneticom, Bombay .

engle at 140 MHz were carried out during October 1975 =-July

measurements were made during May-dugust 1976 at Ahmedabad.

In addition to ahove measurements, a joint radio heacon

experiment was conducted hy the NOAA Lehoratories, 3Joulder and

the Physical Rescarch Leboratory, Ahmedabad at nesr equatorial

proviced such an opportunity wWhen well coordinated messurements

At 211 these stations, the measurements of Faraday rotation

1976 using Titheridge (1966) type polarimeters. Also group delay

station Ootacemund. The following measurements were carried out

2t Ootacamund: -

(1) Faraday rotation measurements on 40 and 140 MHy.
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(i1) The group delay (or moduletion phase) measurements

on frequencies of 40.1, 41 rnd 141 Mg,

(1ii) 4mplitude measurements on frequencies 40, 140 and %60 MHz .

In the present studv the following mezsurements have bheen
I s & ,

useds -

(i) Laradey rotetion data

)

140 MiHz obtained at above
mentioned institu tions during the period Octoher 1975 +to

July 1976.

(i) Group delay measurements on 140 MHz cerried out at

Lhmedahad during May - August 1976 .
(iii) Faraday rotation and the group deleay measurements on

140 MHz made at Ooteacamund during the period October 1975

to July 1976,

It is worthwhile to note that the ionosnhere electron content
] I

measurements usine a geostationary

g satellite were made for the
first time, at a chain of stations at 1ow letitudes (covering a

latitude range of 2°NW to 25°N dip lat). In addition pPlasmasphere

clectron content mewsurements were also made ot Ehmedahad (sub.

ion. dip lat 17.1°%) and Ootacsamuna (2.2°01). Such measurements

at low latitudes were not available so far

’

hence the current

<o

investigations on the plasmasphere form a new contrihbution to

the subject. The ionospheric and the geophysical datz obtained

from other places have also heen utilised for interpretation,

Wherever necessary
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2.7 Introduction

Total electron content (TEBC) is hroadly defined as the
numnher of free electrons in = column of unit cross section
extending through the ionosvhere and zbove. It can be mezsured

hy a number of technigues (Chiocacci 1972) out of which the

group deley and the Faraday rotation techniques are of the
present interest and are described in detail in the following

sections.
2.2 lethods of Electron Content Measurements
2.2.1 The Group Delay Technique

In this technique the difference in transit times of +two
radio wevoy of different frequencies, across the medium is

meesured. The time difference or the group aelay measured in

this technique is equally sensitive to all the free electrons
irrespective of their positions elong the raypath, hence this
technique sives the electron content upto the height of the
satellite and the content is denoted sg HT. In the presence of
the magnetic field, the ionosphere is a douhly refracting
medium, end for such medium two nodes of propagation, i.e.
Pordinary', and 'extraordirary! exist. The phase refracting

indices for the two modes ere given by the Appleton-Hartree
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equetion, which is given ag . (assuning negligihle collision

frequency):

(1~A)
}}‘2 e e _,1 5 : e (2.1)
(1-%)7% Yo & [ER + (1K) Y )" 4
. 2
where X = g Sa. 5
4 IV Qb m f
v - Iy

ine T
Y= Eg sin ©
f

N is electron density

m iz electron mass

fH is gyrofrequency of an electron in the magnetic field

@ is the angle hetween the magnetic field and the wave normal.
The plus ond ninus sign refer to the ordinary and extra-

ordinary modes respectively.

If the wave normal lies in the direction of the magnetic

field (@ = 0) then Y ¥ end Yqp = 0 and the equation (2.1) is

L:
congiderahly simplified. XZven if © is not zero, a good approxi-
mation of fhk mey be ohtained hy teking Yop = O; this is known as

~the Yquasi-longitudinal approximation, end 1t generally holds

for high frequency waves in the ionosphere p10v1qed X is not close

to 1, and © is not close to 90°. The sctusl condition for its
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validity is % YT4<L<L(1~X>2 YLQ . The refractive index is then
__given hys .
2 X
S - i o (2.2)
M T+ YL
For the high frequency case

X £ <1 and YL << 1. Under this

c
epproximation equation (2.2) reduces tos

=1 - X (1 % YL) (2.3)

-—

Hence the phase chenge produced hy the medium is given hy:

- M) ds

h 0
o2 s X
or g - '7\ = Og ( 1 + YL ) dﬁ)

DL F n(s)
2¢c OS f“*}:"fL ds (2.4)

where k = 80.61, ¢ = 2.998 x 10% sec” T,

The cerrier frequencies of 140 and 360 Mz radiated from the
satellite ALTS~6 are modulated with 1 MEz and the modulation phease

delay et 141 IMHz, Q?41 is derived according to the relation:

N

Oia = Pry0P141) = Wsg0m Pagq) (

where the 15t term on the right-hand side is affected hy the

ionosphere and the 2nd term is relatively less affected hy

- the ionosphere. The purpose of taking the moduletion phase delay

et 360 Mz is to ensure the cancellation of any drift in the

tromsmitted frequencies, which are coherent since they are
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~derived from a single frequency of 20.008 MiHz. The modulation

phase thus measured is used to compute the total columnar electror

-1
content NT which is SS ¥ (s) ds, according to the relation:

o R :
Vo = Ky Py | (2.76)

2c % 1016
TR o —— LN.“ R 5

10T 14141 5604‘?5’5 3“6‘63&;5

where K141 =

fL heing the eversge longitudinal component of the electron

gyrofrequency.

K141 = 4.82 x 104 taking ?L = 0.154 MHz for Ootacamund to ATS-6

geometry corresponding to an altituce of 400 km.

The vealues of K141 ere found to he very insensitive to the values

of fL (less than 0.5%) (Davies et al. 1979) .
2.2.2 Taraday Rotation Iechnlque

In travers 1nn a magnetoionic medium like ionosphere a plane
wave undergoes a rotation of its plane of polarizetion, the total
engle of rotation depending epproximately on the average field
compoment in the direction of propagation and on the total numher
of free clectrons in a column of unit cross~section along the
ray path.‘ The strong dependence of Taraday rotation on the
earth’s moagnetic field makes it sensitive to the electrons
encountered in the upper parts of the ray-path, hence this
technique gives total electron content, KF, upto certain height

hF’ known as Faraday height. The velue of hP depends upon the

gsatellite to the ohserver seometryv.
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The expression for the refractive index for the redio wave

propegation, under QL (qussi longitudinal) and high frequency

Az .-

approximetion simplifies to (2.3) which is as follows:
M= 1 X3 XY

The two modes are (nesrly) circulerly polarised in opposite
senses, and a plane polarised wave traversing the ionosphere
can be regarded as the ‘sum of "ordinary® and "extra-ordinary"
components. Because the two components have different phase
velocities, thé plene of polarization continually rotates along
the ray path of the wave. This phenomenon is known as '"Iaraday

rotation'.

Along a path element of ds, the "ordinary" and "extra-

ordinary" waves undergo phase changes of:

Wy, = b Pox (2.7)

where “x is the free space wavelength. The plane of
polarization of the resultant plane wave rotates through an

angle dft = % (af, - dﬂ (2.8)

Using (2.3) we then have the Faraday rotation given by the

relation:

. he
¢ e ' - .
\)ﬁ\_ = "‘“;'2’ g I ( h ) i} ( h > dh ( 2. 9 )
a O ‘

-

where M is the megnetic field factor, and is given hy

- ™ . .
M = 3 cos © sec X in mks units,



Y 1s the magnetic field of the earth in amp-turns/meter,

© is the angle between the magnetic field end the

direction of propegation of the satellite signal,
K is the zenith angle of the satellite
f is the radio wave frequency in Hz,
¥ is the electron density in el,muz,

K is a constant = 0,0297 and

h, is the satellite height in meters.

The magnetic field factor is a much more slowly varying
function of height than the electron density end hence can he

taken out of the integrestion to ohtain:

K PT o
== T " () an (2.10)
. f ) .
Sl x - :
R B UG (2.11)
f
A
where Wy = Y W(n) an

and M is a weighted average of M over the height range of the
lonosphere and it will Me equal to the value of M at a particular
height called the mean field height. The use of a mean magnetic
field factor does not give the electron content upto the
satellite height hs? hut gives the electron content Np, upto
certain height Dp, which is known as I'eraday height, and its
velue depends upon the geometry of the ohserver to the satellite
ray path. 4 detailed zccount of it has been given hy Titheridge
(1972), Almeida (1973), Davies et al. (%976) and Poletti-Liuzsi

~t a1 . (10'7'7\ LERY PN R U (NS S RN S R
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corresponding hF for Ootacamund to ATS-6 ray path has heen

descrihed in the section 2.3. Tor 211 other low latitude stations,

the mean field height has heen taken to he 350 km with correspond-

ing hyp equal to 2000 km (Iitheridge 1972, Llmeida 197%).
2.2.3 The Calihration Factors for.!. and v

(a) The Galidration ‘ngle for 5L (on 140 MHz):~ Tn order %o
determine the ahsolute amount of Jﬂ., the polerizstion of the
trensmitbed wave at the setellite must be known. For an‘o“server
at any point on the earth's surface, the poler-sligned spin axis

of a geostationary satellite will mcke an engle oA with the

obgerver's locel vertical (Klohuchar 1966) where:

ol= (cos ¢ sin h) Tein (cos™' (sin @ sin 4 + cos Z cos §
cos h) | (2.12)

h heing the ecuivalent celestial hour engle of the satellite

C
)

o the equivelent declinetion of the sotellite and @ the

latitude of the ohserver

é end h ere determined using following reletions:

n

bin § = cos 7 sin 2 + sin % cos L cos Y (2.13)
Cos $sin h = = gin % sin A (2.14)

I

where 2 is genith distance of the satellite (=90 - elevation

engle of the satellite)

A is azimuth of the satellite (north through east).

All these parameters for different stations to 2TH-6 ray path

are tahulated in ta™e 2.1. The initisl trensmitted polarizstion
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Tahle 2.1

Diifferent-paremeters-used-for-the—calibration of-Faraday
rotation engle for ATS-6 to different stations ray-path
Station 1Y) Z A S b >4
oy , L
: Ootacamund 11 44 49.5 257.77 ~1.74 48.0 135 4
!BOmbay \ 19.1 48.1  247.5 =2.90  43.5 60.9
Rajkot 22.3  47.6 242.5 -3.40  41.0 55,3
Abmedahad 2% .0 49.7 24% .73 | =559 43 .0 55°§
Udaipur 24 .6 51 .4 242 .8 ~3.7% 44 .2 54 .1
Jeipur 27.0 54,5  242.5  ~4.12  46.4  52.4
Petiala 30.3  56.8 240.% -4 .69 46 .8 48.8

- engle ( PT)at the satellite is +90° (Xlohuchar 1975). If B
is the angle recorded on the chart when the signel is vertical,
Then the Faraday rotation angle 370 corresponding to the zero

of the chart is given hy:

Sty = A+ by - @r+"ﬂﬂ (2.15)

O

@r was determined to he zero for the polarimeters used
at Patiala, Udsipur, Ahmedahad, Reikot end Sombay. The on' T
amhiguity cen easily he sebtled in the years of low solar

activity. The nighttime value of TEC is of the order of

16 -2 . — . . . o
el m “ while one robtation of T\ is equivelent to 5.75 TEC

- .. - . .16 -2 ; s .
~units (1 TEC unit = 10 el m °) for Patiela =nd increages to

2 x 10
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S

bout 10.%3 TEC units for Bombay .

The !\T()Alfx receiver-used-at-Ootacamunéd—reads -93+5%when the— ,

transmitted signel at 140 MHz ig vertical. Also the receiver has

m

. scale from O to 360° while Sl has the range O to 180° hence

28, =935 -2 (ol+ f

N

)

or ,,5;10 = 116 .6° ~ 117°

For the signal at 40 IiHz , the corressy conding angle .jlo is equal to

7° since the receiver reads -19.8° or +340° for equal phase at

e

receiver input.

(h) The Calibration Angle for ) (140/360 MHz, 1 MHz), -
Yor the egual phase at receiver input, the HOLL receiver

reads =-159.6° or epproximately -160°, The +transmitter phase

difference on the satellite is =63 hence the total phase difference,

~ in the abhsence of any ionosphere would he ~160-6% = ~223°,

Hence QC = [f,=223° where QC is the cormected phase difference
 and QR 1s the pliase as read from the chart or the tape.
2.3 HMagnetic Pield Factor Caelibretion for Ootacamund to ATS-6
Ray-path
L method of determining M has been described by Titheridge

(1972). A slightly modified version of thig technique has heen

used to determine M ang hp for Ootacamund to ATS-6 ray path.
It is to he noted theot Titheridge's analyses did not extent to

statione with magnetic latitudes helow 10° whereas Oobacemund is
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.8 near equatorial station with magnetic dip latitude 30,

rrom equations (2.9) and (2.11) it is found that s
h

N =}
vl

EENF = 5 N(h) M(h) an (2.16)
O

The electron content upto certain height H is

H
Ny = % M(h) ah (2.17)
Hence
- hs
Llil: ) éti\l(h) m(h) ah (2.18)
N 2 w(n) an
OS

In T'ig.2.12,h the ratio ¥ NF/NH , a8 determined from the
equation (2.18) is plotted ageinst altitude H, for a variety of

electron density profiles. If the various curves pass through a

point of convergence, then thet point gives the appropriate values
of M and hF for converting the Farsdsy rotation tngle into
electron content EF9 independent of the I'(h) profiles within the
reange of profile shapes considered. ¥ig.2.1a has heen constructed
using electron density profiles obtsined over Kodeikanal. The
profiles for deytime and night-time hours are separately shown
in Fig.2.2(a,b). These profiles have heen ohtained hy combining
simulteneous hottomside =nd the topside profiles. Tottomside
Profiles heve been ohteined by reducing the ionograms recorded
2t Kodaikanal, hy Budden's matrix method whereas the topside
profiles over Kodaikanal have been ohteained hy reducing the

topside lonograms recorded at Ahmedshed. Out of different passes
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recorded at Ahmedabad, the ionograms over Kodalkanal were selected

and reduced by '"pereholic in log N method” (Jeckson 1969). Fig.2.1b

_has been constructed from electron density profiles ohtained

']ét Jicemarca (¥ig.2.3a, 2.3h) using incoherent hackscatter radar
” (McClure 1965). The magnetic field model used has been desorihed.
.iin 2 later section. PFrom Fig.2.1a,h, it is noticed that if we pick
M = 6.27 (which corresponds to an eltitude of 400 km) and by =1500
km, then the value of NF deduced from the Farcday rotation measure-—
- i
ments would differ from the true Sbb N(h) dah by ahout & 5%
~among this group of electron density profiles. The Kodaikenal
'profiles have heen used to ohtain the integrated electron content
upto an eltitude of 3500 km which is the altitude of change over
to quasi-traverse propagation for Ootacamund to ATS-6 raypath
(Davies et al. 1979). The electron content so obtained has heen
compared with the electron content ohtained by converting the
measured value of Faraday rotetion angle, into electron content

using M = €¢.267. The valueg have heen tshulated in Tabhle 2.2.

Tahle 2.2

e - - e ez -

Pyrafs o 1 . N e nYal
Profiles Calculated TECG Ohgerved TBC oAHlong .

Daytime profiles

A 27.5 29.9 130
B 25 .1 26..7 3 .4°
c 30.% 32 .0 . 0.6°
D 27 .2 29 .7 16 .6°
Night-time profiles
A 9.8 9.7% 1.0°
_LJ‘ 22 n9 B 22 06 2030
c 124 12.% 13.0°

s
1

N A A ~
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and the Xodeikenal. It is noted thet the czlculated snd the

ohserved values are reasonahly comparsble. ©Some of the discre-
pancies mey be attributed to the longitude difference hetween
the ohservation points.

2.4 Computation of Elevation, Lzimuth Renge and Sub-Ioncspheric
\ Points

Let R he the rcdius of the earth and hg he the height of the
satellite. 4lso let us assume that QO is letitude and XN, is

longitude of the ohserver, whereas QS and 7\8 are the correspond-

ing quentities for the suh-satellite point. Then, referring

to Fig.2.4, the renge of the satellite RS is given as:

vl

. g)° = 2R (Reb) cos a)” (2.19)

where cos a = cos D cos ¢ + sin h gin ¢ cos A

and h = ~

end b = 90 QO
c = 90 —gr«

and 4 :'AO "'%s

iyig . . R
.lhe clevation angle © is expressed as:

-1 ( (itiiiz gin Ez\

. A

.. s ,’

Therefore the zmenith angle A is given hya
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The suh-ionospheric lougitude ( 7\1) :nd letitude (Qi> are

!\l ",/\o - tan < COEJ(S C‘ll’]{ — Sin’D cog h cos ol (2 18 )
AN
end gi = 90 - gin~ ' s1n§> sin0<) - (2.21h)
, & “sin X\ P
. (90 +6)
{\‘_R hi s ,-*, )
a.

by}

sin”] ( sin (8-b) sin (s-a)/sin b gin a)’

"

athic

and hi is the ionospheric height, - as given ahove is the

ezimuth engle of the satellite.

In this way the elevation angle, azimuth engle, range and

the sub-ionospheric points for the satellite can be celculated.
A11 these parameters for different stationsg have heen gilven in

Tahles 2.3(2,h).

Tehle 2.3z gives the coordinates of the stetions and also
the elevation, the azimuth snd the ra nge for the satellite AVS-6.

ellite a8 viewed from different

5]
=%

The elevation sn-le of the ¢
locations in India will be different snd will decrease 28 one
progresses towards east. In Fig.2.5 is shown contour map of
elevation zngle and it is clear that in the west-cozst of India,
e engle is as high =8 42° wheress in the eastern region it is

as low as 20°. From & particula scetlon when the geatellite is

heing viewed the ionospheric leotitudes ﬂd longitudes will he
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ifferent at different ionospheric heights. Ve have, therefore,

omputed these parameters at different ionospheric heights at

km are shown in iig.2.6, in which the arrows represent the
directions to ATS5-6 from each of the ststions. The open circles
indicate the sub-ionospheric points at every 100 km altitude.

The separation hetween two open circles, for a western station
like Ahmedabad will he less as compared to an eastern station
like Geuheti. This is due to high elevation angle at Ahmedahad
and the low elevetion angle at Gauvhati. The coordinates of the
éub—ionospheric points (corresponding to a mean field height

 Of 350 km for all the stations except the near equatorial station
 Ootacemund end Thumba for which the mean field heights are takenk
to he 400 Ym) for different stations to ATS—6 reypatks, are given

in Tehle 2.3h,

2.5 Computetions of Magnetic Field Factors

To evaluate the magnetic field = any point, the field has
0 he expressed in terms of a suitahle model fitted from various
bgervatiors. The spherical harmonic exparsion of the megnetic
potential of the earth, and the derivation of the field from it

1s followed here.

The mognetic field model used in the calculstions of M is that

OFf given hy Jonos end Melotte (195%). The magnetic vector potential

- spherical hamonic coordinate system is given hy:

T:y, Y ‘1’1 -
=R 2 ( E)n‘1 Hﬁ (W) (gﬁ cos'm @ +h§ sin m @) (2.22)(

xr

i~ s POVNPAY

ntervels of 100 . These results-for 100,200, 300, 400 and 500
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Fig.2.6 Some of the stations involved in ATS8-6 project.
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open circles on the arrows indicate sub-ionospheric
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H is the redius of the carth

r is tle distance of the point (from the centre of the earth)

at which field is required.
© is the geographic colatitude of this point

@ is the geographic longitude of the point

gﬁ end hg are the Gaussian coefficients
o8 ip - -
and Hﬁ (W) = ‘n \L T )m/2 g P () (2.23)
\%n d, m B

Wd

The sphericel hzrmonic expansion used 48 coefficients of

Jensen and Cain (1962) which expends the magnetic poténtial upto
the terms of 6th order and 6%h degree. The legendre polynomials
_are teken from korse and Feshback (165%). The magnetic field
Tactor Il is given zs:

M =3 cos & secX

chenges with height beczuse of height depeiidence of 3,
cos & and sec 7(, The megnetic field factors have been calculated
with altitude,-for different stetions to ATS-6 ray-paths and are
Shown in Fig.2.7. Near equator (like Thumba) M does not vary much
1th altitude wheress eway from the equator (like Patiala ), the
Varlatlons of M with altitude are large. The mean magnetic field
factors (If) (corle gnonding to o mean field height of 400 Im for
Ootacemund ena Thumba, end %50 km for all other stetions) are
g€iven in 7TsMle 2.3".  These are the values which have heen used
ln the present i estigations to convert Farads ay rotation angle

nto electron content Mg
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CHAPTZR - IIT

MORPHOLOGY OF ILECTRON CONTTNT MELSUREMENTS /T LOV LATITUDES

3.1 Iwvtroduction

The determiration of Totel electron content (TﬂC)lii &
vertical column of the ionosphere is of considershle importance
for the study of the upper atmosphere =s well as for plamming
the radio communication hetween an artificial setellite and a
ground station. A hig spurt of such messurements came with the
leurching of BL-8 and vB-C satellites, orbiting at heights of
FTOOO~14OO lm . Witb propexr coordinatio& of two or more ststions,
One cen cover &« large portion of the ion: sphere at one time .
(Zasu and Das Gupta 1967, Shirke and Remzkris men1966, Olatunji
1967, Tyagi and Mitra 1970, Walker and Ma 1972, Rastogi ¢t =1.
1973). The dats from these low orditing satellites do not provide
reliahle estimate for diurnal vearigtion of TuC cnd the transient
phenomena like solar flare and sudden commencement effects cannot
he gtudied with this method. The heccons ahoard a geogtationary..
satellite provide a continuous necsurement of THEC 2t a particuler
location hut do not give ary idee of the spaotizl varietion of TEG.
With the coordinetion of & mumber of stetions uging the sanme
heacons it is possible to have hoth temporal =n¢ spatial variation

of TiC.

TEC mecasurements using low orbiting =s well as geostationary

setellites have heen extensively made, however very meegre datse

exist for low end tropicel latitudes. vwith the repositioning of
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[S—6 at 35°E longitude, a rare opportunity was provided %o the

’ﬁé‘bhe heacon for a period of =hout one year. Lhe details
bout the location of different institutions snd other related
eremeters heve heen described in the Chapter-IT. In sections
3.3 and 3.4'tbe esults of electron content from Faraday rotation
end Group delay messurements mede st the equatorial c¢tation
Ootacemund are descrihed. A hrief account of the results of IR
meesurements made et low latitudes in Indien z0i1e, using orhiting
nd geostationary Satellitesvhas been given in the next section.

5.2 A Brief Account of THEC Measurements at Low Latitudes in
Indian %one

3.2.1 Usging Orbiting Satellite Detsa
l‘:‘» = 2

:8 a part of the Indian space research progremme, a satellite
study of the ionosphere hy Feradey rotation technique was started
et PRL, Ahmedshad when the “eacon Explorerw3 satellite of NiSa
went into orbit in the last quarter of 1964 . The method of
’amalysis and some of the preliminary results were reported hy

irke end Remakrishnen (1966). Taraday rotetion ohservations
signals from the Berocon satellites S See (3D~D end BBE-C) were
[made at Thumbe during 1965-68 and the reu lts wWere Leported hy

. 7 . - . .
’Rastogl et 21. (197%3). The Vo velue reeched o minimum zround

05 hr and a hroad maximum hetween 14-18 hr, the diurnsl rstio
‘eing more than 20. o definite com iclusion was drawn regarding
midday hite-out in Npo Similer messurements wade 2t Ahmedehad

(3401 dip) during 1964-69 shovicd Shet the

deily veariation of }F



and of meximum electron density Nm for ary season, are

ax’

3

imilar (Rastogi end Sharma 1971) vizg. both show 2 minimum at 05 hr

~& broadmaximum around 14-=16 hruwmlhﬁwdiurnalmleiiowowaFﬂijxw
ound to he 15-20 for any df the secasons of low sunspot years.
Restogi et al. (1975) and Iyer and Restogi (1978) made an extensive
’tudy of NF,at Kodaikenal , using IFaraday rotetion meassurements

from S66 satellites, for the pcriod 1964~69. The diurnel varia-
tion of NF sbows the éhsence of noon hite-out. The diurnal ratios
are found to be 16.7, 11.8 znd 8.0 in equinoxes, winter and

gummer respectively of low sunspot years. A slight tendency of
Winter anomaly in NF wes noticed in  high sunspot years But it

wes cleerly noticed in the low sunspot years. Rastogli et al. (1977)

studied the letitudinal variations of Noy in Indien zone, combining-

Faredoy rotation meesurements cduring 1964-69 from bthe orbiting

satellite BE~5 at Lhmedabed and Kodaikanel. 4 latitudinel coverage
from 10°5 to 26°N was ohteined. The contour meps of Ny were
Ohtained on o grid of latitude versus local time for the different

Seesons of low and high solcr activity epochs. Iquatorial

anomaly in the letitudinal varistion of NF is clearly noticed.

1In equinoxes the anomaly peeck is around 1%-14 hr LT in bhoth

low and high golar activity periods. Letitudinal peak is formed
et 15° and 20° respectively in high and low soler activity
londitions. In winter, latitudinal peck is around 12° dip lat
in hoth low and high solar activityrperiods. The diumal peak

8 zround 13 hr LT in low eand 15-16 hr LT in high solsr activity
fperiods, I summer the peak is hroad arpund 13°N aip letitude

1 low end high soler ectivity periods. It is fomed eround 13 hr

2 Al



I
o 4

The results of Faraday robtation measurcments made at Delhi

uring Oct. 1964 to June 1965, were reported by Tyagi end

4

Somayajulu (19667 The diurnsl meximum was noticed around 13=14 hr

LT and the variations in Ny closely followed the f F, variations.

2
The electron content was found to be independent of solar
activity until the 10.7 cm solar flux exceeded 80 units.

Similer measurements carried out et Haringhata (dip 32°W) near
the crest of the equatorial anomaly were reported hy Gupta and
Basu (1973). The diurnal varistion followed the expected pattern
ith predewn minimum and early afternoon meximum. The rate of
deccy in the afternoon weas found to be slower than the rafe of

increese during morning bours.
5.2.2 Using Geostationary Satellite Dete

Faraday measurements were mede ot Heringhate during ov. -
April 1972-73, using radio heacons from nesr geosynchronous sszte-
1lite Intelsat 2F2 (Pssu et =1, 1974, Guhathalurta et al. 1978).
The day to day variability mnd the magnetic activity effects

on NF and the slaﬁ—thiokness were studied. The results of

araday rotation measurements made during 1975-76 at Bombay (11.7°1,
sub.ion. dip lat), Rajkot (16.5°N), ihmedahsad (17.1°NW) , Udaipur
(18.7°0) ond Petiale (24.5°N) using geosbetionary satellite ATS-6
have heen reported recently (Singh et al. 1978). The mein
fanJnQu zre ag followss~— (i) The emplitude of diurnal peak is
found to he higher ot Rajkot, almedahed and Udaipur as compared

fo that at Patiala or Bombay, indicating thet the peak of Appleton

anomaly in the letitudinsl veriation of Ny is close to the
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1ct1tude of Ahmedshad, (ii) The peak electron content shows a

semiemnuel varietion et =211 the stotions with lerge values in.

cquinoxes as compared to winter and summer, (iii) in importent
cature obscrved is that the deytime Ny ot Bombay is more during
winter thm in summer (the feature is known ss ‘winter anomaly')
bhereas at other stations, either the summer ond winter values
are compershle (Limedabad and Rejkot) or the summer values are
nore thean winter velues (Udaipur and Patiala), (iv) The equatorial
enomely is prominent during 1000 hr to 1800 hr LT end the crest
is located at ahbout 14°N (dip let.) in swmmer and equinoxes md

at shout 10°N in winter i.e. equetorward movement of the equatorial
enomealy crest is noticed during winter, (v) Thc diumal meximum

of HF occurs around the same time during summer and winter months.
In cquinoxes the diurnal peak occurs carlier than in winter cna
summer .

3.3 Ilectron Content Mecsurements at Ootaocamund Using Paraday
Rotation Technique (D )

%5.5s1 Diurnal Veris ion

To exemine the overall behaviour of ME the annusl meen daily

=
o]

=

riation of I, is studied and shown in Mg,%,17. This shows a
redawn dip zround 0500 hr LT and a2 flat meximum cround 1400 hr LT
}ti diumeal ratio (ratio of the meximum to minimum) sround 11 .5,
bere ig no indication of the noon hite-out in NF? 50 prominently
Ohserved in the dr clly varietion of f 2 et equatorial stetions

12.3.2 shovs mean Geily veristion of szdurimg each of the scasons.
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atitude of Ahmedahad, (ii) The peak electron content shows =

oy}

gemiennuel veriation.at-azll-the stations—with lorge-velues in

zquinoxes as compared to winter and summer, (iii) in important
céture ohscrved is thet the deytime Ny et Bombay is more during
inter tha in summer (the feature is known =g 'winter priomaly ')

| ereas at other stations, either the summer smd winter values

‘re compershle (Limedabad and Rajkot) or the summer values are
more than winter values (Udaipur and Patiala), (iv) The equatorial
enomely ig promincnt during 1000 hr to 1800 hr LT and the crest

18 located at ghout 14°W (dip let.) in summer end equinoxes ond

at ghout 10°N in winter i.e. equetorward movement of the equatorialb
enomaly crest is noticed during winter, (v) The diurmel maximum

of Hp occurs eround the same time during summer and winter months .

In equinoxes the diurnal peak occurs carlier than in winter and

3.3 Zlectron Content Mecsurements at Ootacamund Using Paraday

Rotation Technigue (NF)

%5.5s1 Diurnal Veric ion

To exeamine the oversll behaviour of NF?_the annual meen daily

eriation of NF ig gtudied and shown in Fig.3.1. This shows a
Tedawn dip sround 0500 hr LT and a2 flet masximum cround 1400 hr LT
1th diumal retio (retio of the meximum to miyimum ) around 11.5.
Hére ig no indication of the noon hite-out in NF7 50 prominently

bserved in the deily varistion of foFg et equatorial stetions.

18.%.2 shovig mean deily veristion of Ny during each of the sessons
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The equinoctial velucs during deytime hours are ghout 40%
higher then the vaolues for summer end ghout 20% higher than the

winter velucs. The presence of rwinter anomaly' is noticed

with deytime winter valﬁes higher than the summer values. During
ginter and equinoxes & steady decréase in NF ig ohserved hetween
- midnight end 0500 hr LT whereas in summer, the Wy remalns more
or less constent during this period. The diurnal peak for
equinoxAS end summer occurs around the same time (1400 hr LT)
hut in winter the diurnel peak occurs earlier hy about cn hour.
The aiurnal retios for equinoxes, Summer and winter are found
to he around 28, 19 and 14 respectively . The diummel ratio fbr
other stetiong along with Ootacemund &re given in Table 3.1.
Tt is noted that diurnal ratios arc the largest in equinoxes,
the value heing 25+ 2 for all the stations . The locations near

L

the crest of the equatorial cnomaly have the lowest diurna
ratios in summer wherees Ootacamund cnd Patiala which ere away
from the crest have the lowest diurnal ratios in winter. In
summer the meximum velue of the diurnel ratio is found to he 19

&t the equator, and 1%+ 1 at all other stations whsreas in

winter, the meximum value of shout 16-17 is found to be necer

crést and the values decrease on either side of the crest,
reaching os low as &, at Patiala.
Tahle 3.1
Dinrnel rotios for different seaéons
eason : Coféc ﬁﬁhd Bombﬂj Ahmedah“d Udaipﬁf” f&fiala
Summer 19 .h-13 14 B 13 M 12
Egquinoxes 28 27 2% 2% 27




4.9

One significant festure which is noticed is the sharp

decreese in the rete of increase of NF around 0900 hr LT for

summer &ud around 1000 hr LT for equinoxes (Fig.B,Z). Mo such

decreagse is noticed for winter. These features are prohably
associcted with the midday hite-out in fob2 which 1s pronounced
g

in equinoxes end summer but is wesk in winter (Chandra and

kRastogi 1971) .
3.%.2 Seasoncl Variation

The monthly mean hourly values for all the 10 months havé
iheen used to build & contour mep on a grid of local time versus
months (Fig.S.B)° One notices = semi-annual trend in NF with
equinoctiel mexima. Thig is suggested to he due to the observed
excess of O/l\T2 ratio during equinocticl months (Offermen 1974).
{Higher O/H2 ratio not only yields excess production of ionization
but also reduces the loss rove of dlonigetion. u4n additional
feature, one notices, is thet the gradient in Np is minimum in
the immediste post-sunrice pellou.‘ Also it is notioed the
daytime NF velues for Octoher are higher then the corresponding
velues for April. This featlure descrihed és anomelous semi-
annual variation of Ny, has heen discussed in Chapter V, section

543
%.%.% Letitudinal Verdiation

The mean annuel contours of Ngp on 2 letituce versus local

time grid ere shown in Fig.3. . Presence of equatorial anomaly

It
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ig clearly noticed with daytime contour lines heing rounded off

et latitudes going upto 25°N dip latitude The crest is formed

around 14°¥ dip let and the crest to trough ratio is shout 1.2
which is in agreement with theoreticsl estimations for a vecrtical
;drift of 4 .1 m/s (Bremley and Pesrt 1965). TFor the sske of
comparison with previous work and slso for the purposc of model
construction, the contours have been built up seperately for each
seeson and are shown in Fiw,B.B(a,b,c). The crest of the equatof
riel enomely is formed around 16°N, 15°N and 10°N dip letitudes
for equinoxes, summer and winter respectl rely . The daytime H
velues for summer, winter and eguinoxcs are of the orcer of 25, 25

and 40 TEC units.

3.4  Day to Day Variation

N

To exemine the dey to dey varishility in Ny one hase
computer plots for three typical months (onc each for each
season) ere shown in Fig.3.6 (a,b,c). Fig.3.6a shows one hase

L.

plot for the month of Januery , = winter month. The daytime Ny
velues show the maximum variability and it is seen thet Ny values

for aen individusgl day mey vary from its monthly mean by about

25-30%., Most of the days show the presence of secondary peak
around 2100 hr LT. Fig.3.6b gshows similer plot for the month of
April, en ecuinoctial month. The general features zre seme except
that presunrise values cre quite low . Some of the days show

excepbionally high values of e These days cre confirmed to he

magnetic storm days. Most of the deys show a decresse in the rate
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fig.3.6a One base computer plots of Yaraday votatlon
anpgle S, (which 1s & measgire o j:? Mpy for the
monrth of Jauudry, & winter month,
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Filg.3.6b sLmigar to Fig.3.6a, for April . , an equinocetial
month.
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Fig.3.6e 8Similar to Fig.3.6s, for July, a summer month,
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of incresse of NF around 1000 hr LT. Some of the days show

¢ven & dip around this time. Post-sunset peak around 2100 hr LT

is elso noticed on meny deys. Fig.3.6c shows the ﬁlot for the
month of July, & summer month. The diurnal mexima ere found to
 hG flat. A dip around 0300 hr LT is elso ohserved for most of
}ﬁhe days. The presence of secondary peeks cennot be ascerteined
'beoauﬁe of the heacon heing off during 1800-2100 hyr LT. The
varighility in TGC mey be due to a number of foctors, e.g.

(1) chrnges in solsr BUV flux, (ii) veristions in clectrojet
strength, ~ffecting the equaotorirl plnasma trensport, (iii) chenges
in neutral composition ot F-region heights, (iv) aifferent
geomognetic conditions which ccn give rise to chenges in all

the shove mentioned three foctors, in rddition to chenges in
neutral wind patterns which mey creat lorge dynemic uphervels in
the upper atmosphere. The d:t~ under study cre of the period
Octoher 1975 - July 1976 which is o low sol r esctivity period
end does not heve much vorictions in 1v.7 cm solir flux which
is rn indicetor of chonges in EUV flux. The 10.7 cm soler flux
vericd hetween 60-80 units, during this period cnd is not found
4o he correlrted with TEC chrnges. The other foctors hnve been
congsidered in some of the 1 rter chepters.

3.4 Tlectron Content Mensurements ot Ootrcrmund Uging Group
Delny Technique (WNg)

strong depencence

tés}

Ls described in detail in Chepter IT, the

( e

of the Forrdey rountion on the earth’s mognetic ficld mekes it



he

nsitive to the clectrons encountered in the upper parts of

hence this technique gives the clectron content upto the

ht of the sntellite mmd the content is known o8 the group
y content (NT). Tn this section the results of group delay
urements mede for the first time near megnetic equator

'tacamund) ~re described. These results heove heen compered with

16 results of Forndoy rotrtion measurements made simulteoneously

the seme strtion.
3.4 .1 Results rnd Discussions

The snnurl ond the sersonal mern doily vrorictions of NT are
;OWH in Eig 3.7 erd 3.8. Fig.3.9 shows contour dirgrom for N,
o month versus locel time grid. These threce figures (i.e.
igs.%.7 to 3.9) cre simil:s r to correspouding figures (1.¢. Figs.
.1 to %.%) for ‘F. The gross fe“burus cre similor to uhoso
Ohserved in the r-sults of Faradny rotation mecsurements. Some
the importent points to be noted ere o8 follows:—

(2) The ginrndl retios (mex)/ Nplmin) for equinoxes,
ihfer rnd summer ore found to he cround 6.5, 6.0 cnd 6.5
respectively . The corres sponding diurnsl ratios ohtoined from
aﬂradfy rotrtion measurements ore 28.0, 14.0 and 19.0.

(n) L sharp decremse in the rote of increcse of Np cround
1000 hr LT is clerrly noticed for equinoxes ond winter wherers

this festure is not so pronounced for summer. It is to be noted

thot this ferture wes more prominent in summer than in winter
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The low diurnel retio obtained for N cenn he ottributed
?

o
thet Hp, whick clgo includes thewpontributiong from
height hF”(which is ~round 1500 km for Ootacsmund)
g comprratively quite high during night-time then the electron
ontent N obteined from Faradesy rotztion mescsurements, which does
not include the contrihution from the plosmasphere. The errors
nvolved in determination of NF and NT heve already bheen

iscussed in Chapter II nnd in light of conclusions arrived at

there, en attempt of studying the only residucl clectron content

NR) will he mede in the next section.

3.5 Residusl Blectron Contend (NR) Derived from Ny ond Ny

Simultoneous electron content messurements from Idraday
kfotation end group delry techniques using radio heacons a2hoard a
geostntiOﬂfry setellite enshles one to derive plasmaspheric elect-
\ﬁon content (Devies et 1. 1976, 77). Results of pleosmasphere
content derived from such meaqurement8 at mid-lotitudes heve heen
reported recently by vearious euthors (Devies et 1. 1976, Kersley
et al. 1978c,M, Kersley mmad Klobuchar 1978, Soicher 1975, 1976a,b,
Poletti~Liuzzi et ol. 1977, Vebh ond Lenzerotti 1977 end
Degenherdt et al. 1977). Similrr sirmltaneous mecsurements of
Faradey rotation ond group deley were made for the first time in
the eqﬁatoriml region (at Ootacomund) during the period Oct. 1975 -
Julyk1976, when the ATS-6 wrs positioned ot 35°E. 4s it is noted,
the accuracies in determining N, for Ooﬁmcamund to LIS-6 raypath

eére not sufficient enough to estimatc the sbsolute volues of



plasmesphere electron content, the differencc between NT and HF

termed as residuasl electron content (WP) shich can be taken

= crude estimate of the plasmasphere electron content. In
this section we describe and discuss the results of resicucl
electron content (NR) derived from these mecosurements et

Ootacamunad.
3.5.1 Quiet Time Veriation of Residual Electron Content (NR)

Electron content ohtszined from Faraday rotetion technidue
denoted hy N is & messure of electron content zlong the ray-path
B ©

upto & slant distence of chout 2200 km (for Ootacemund to -TS5-6
roy-path) vheress group delay coutent, denoted hy NT7 gives the
electron content slong the complete ray-path, from the ohserver
qe the getellite. The veolues of NE and NT have not bheen converted

£

into the equivalent verticel contents brecause of the different
fectors involved for the exzct COHVOrSiOﬂ. Slant residual

electron content (NR> is ohteined hy thne simple relations
Np = Npg = Npg | (3.1)

where NFS and NTS are the gslaent electron contents.
’Thus NR gives the electron content hetween eapproximetely 2200 km

ond the satellite along the slent rey-path.

Meem Deily Verietions of Npg, Npg, Np and Np/Npo

The snmual, the sessonal ond the monthly mean deily variation
101 Mooy Npg end Np asg well as of the retio NR/NTB’ vhich is &

cruce estimate of the relative abunderce of the plasmasphere with
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reference to totel electron content Npg, are shown in Figge 310

to 3.12 respectively. The main featurcs are listed below: -

(1) The memm deily variatiénﬁ of Wy end Npg are similer in
~ture viz. hoth are heving flat maximum around 1400-1600 hr LT
(75°EMT) end the predawn minimum around 0400-0500 hr LT,

’ (2) On the averege, meean deily velues of Np rre found to be
=round 6 x 1016 o1 n™2 (Fig .3.,10) hut in equinoxes Np is found to

be little higher than the Np values for winter end summer (Fig.3.11).

(3) The mesn deily veriation of Ny showg "peak®eround 1900-
4

!

2000 hr LT which is ohserved in anmnual, s

o)
@
9
w

sonal, 28 well as in the
,mdnthly meen curves. For summer months, deta ere not aveilahle
etween 1800 to 2100 hr LT as heacon wes off but there is an
indicetion of a meximum eround post-sunset hours.

(4) There is a dip around 07-08 ar LT, followed by o flat
Mmaximunm around 1000 hr LT in NR (Fig.%.10). In the summcr months,
ithis secondrry maximum is noticed to be flattened and in equinoxes
one additional maximum is ohserved in the post-midnight hours
” Fig.5.11). For the months of Decemher, rehruary end Lpril, this
feature is very pronounced whereas in other months it is less
bronounced.

(5) For pre-midnight hours NR is around 60% of NTS in winter
'ﬁd summer and around 50% of Npg in equinoxes (¥ig.3.11). TFor |
postﬂniQDight hours Np is around 70-80% of NTS end during doytime
1t is shout 15% of Npge It is interesting to note thet during

bredawn hours, NR is found even larger then the ionospheric electron
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%.5.2 Discussions

-

Tt is worthwhile to summarise some of the importont

feeturcs of Ootecemund to iT8-6 geometry as this will help in

interpreting the present results.

(1) Ootecermund is st longitude 76.6°LE wherees LT5-6 was
'QOSitiOHed at 35°%, hence the mmy-path is towerds wvest., As a
_consequence sunrise et the ionospheric ternination points,
 corre8ponding to geomagnetic field lines which intersect the
ray-ncth from AT5-6 to Ootacemund 1s cter than the sunrise
at the station. The time difference extends upto ahout two
end 2 helf hours. For L shell corresponding to an altitude of
 ahout 5000 lm, the time difference 1s chout 1.5 hour (L is
mognetic shell number, McIlwain 1961)

(2) In the cease of'tbe LTS—6 to Ootacemund geometry, the
field linre ihtersecting the ray-peth at 2200 km, hes an L valﬁe
 Qf 1.25. . Hence the lowest magnetic shell contributing to the
:residu;l content hes the L velue 1.25. Tor mid-latitude stations
like Aherxstwyth and Hemilton, the corresponding velues ere
found to be 1.72 and 2.27 respectively (Kersley cnd Klohuchar 197
Herice it is nobticed that the residusl content as ohgerved for
LTS-6 to Ootacemund meometry is contributed by low megnetic
shells with higher densitiecs hence one expects NR as ohgerved
from Ootacarund to he higher compared to Np ohserved from mid-
letitude stations. The annual meon deily values of Np for

Hemilton end Aherystuyth, alongwith Np for OQotacemmund are

T
i
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incresses elmost linearly with decreese in L. The figure can be

used to make a rough estimate of NR’ for o given setellite Lo

ohserver geometry.

A meximum sround 180C hr LT (taking into oonside'ﬁtion the

local time difference hetween the station and the sub-plesmasphere
point at 5000 km) ohserved in the mean deily varietion of Nl can
he the consecquence of two possible factors. Firstly the ionosphere
to plasmasphere flow of the ionizetion may give rise to diummal
density variation so £8 to produce a maximum in NR around dusk
hours. KXersley =nd Klobuchar (1978) interpreted the diurnal
vatterns of Np at Hemilton end Aberystwyth, in berms of geometry
;of the ray-paths and the ionosphere to plasmasphere flow of the
;thermal plesme. It is to he noted that equatorisl plosma densities
;for megnetic shells having L 3» 3, do not show a clear diurnal
'paﬁterns because of lerge day to day variations due to storm and
éuh—@torm effects (Park et 1. 1978). The ma egnetic shells with
:L£;39 show a2 diurnal pﬂttcrn with post-midnight minimum =nd

niddeay maximum (Chen et 21. 1976, Park et al. 1978). 3But Np et
‘Ootacamund shows a maximum around dusk, hence if ig ra%her
difficult to understand the diurnal patterns of NR in terms of

topside changes of electron density .

Second possibility which seem o be more proheble is the L-LT
configuration of the plasmapeuse location which shows a bulge
around 1800 hr LT (Chappell 1972). The larger exbtent of the

blzsmasphere sround dusk hours can give rise to larger velucs of g



58

around these hours, though the rate of increasc of NR with L,

dépends on the density distribution assumed end the L valucs
vﬁnder consideration (Webb and Leangerctti 1977). If the plesna
density varies os 1/L4, lp shows elmost negligihle dependence

;Oﬁ the plasmapause position. But Webh and Lenzerotti (1977) heve
 shoWn that there is evidence that power law distributions over the
entire range i.e. 1/L to 1/LAr can occur; and for density
variations eos 1/L or 1/L2, Ny depends significantly on the

plasmapause position.

To heve a visual comparison of the L-LT configuration

of the plasmapsusc and the daily veristion of NR, the ammueal
mean dally variation of Np given hy Fig.3.10, has heen
replotted in Fig.%.14. One notices a striking similerity
’hetween the daily variastion of NR and of plaswmapsuse position Ly,

as given by Chappell (1972).
3.6 Plasmasphere Electron Content (NP) Ohtained ot shmedabead

The near equatorial plesmasplicre electron content ﬁP, hes
heen measured from Ahmedahed (Mlag. dip lat.17.1°H) during June
and July 1976, near the eguatorial anomaly peek, by teking the
:differenoe hetween the electron contents Np and Ny ohtained
from the group delsy and Paradey rotation messurements

- Trespectivel from the radio heacons on the geostetionar
9 )

Satellite ATS-6.




59

As mentioned earlier, in section 3.5, the plasmasphere
? 9

clectron content derived from such ncasurenents at mid-latitude

1eve recently heen reported by many authors (for references,
gee section 3.5) hut similer simultencous meesurements of
taradey rotation and the group delay were cerried out for the

“irst time in the equatorisl region.

%.6 .17 Results and Discussions

The mean deily variations of HF’ Ny end NP for the months
of June and July 1976, are given in Figg.3.15 eznd 3.16 respecti-
vely. The variation in Np and Ngp go hand in hend, with predawn
ninimum cround 0500 LT and deytime maximum around 1500 LT.

o

The mean dsily veriation of N, shows some interesting features
k

<

which arec as followsg -

(1) Wp increeses stecdily from sunrise to midnight and
deceys afterwards to a near sunrise minimum. The value of p
varies hetween 1 to 4 TEC units.
\ (2) The post-midnight cecay in Np is accompanied hy nearly
constent low values of locel ionosphcre electron content NF’
indicating that, in the absence of electric fields, the plasma-
gphere content flows, not into the locel equatorial ionosphere,
"ut down the field lines to the mid-latitudes.

(3) There is a slight hut definite indication of ¢ small

secondary pesk in Hp around 0600 LT.
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(4) During deaytime hourg Ip is found to be cround 10 to 15%

Nm whereas during night-time hours it is found to be 30—507

.W

w

The day to deoy structure of EP specially during night hours
ows interesting behaviour as depicted in Fig.3.17. One

stinct feecture is that the plasmasphere content is higher then
the ionos pquC content. In the first example of July 1%, 1976,
oth NF and Np decreasse during post-midnight hours. In the
sécond exemple (July 25, 1976) the Ny remeins steady wherecas a
‘Harp decredse in NP is clearly noticed. This emptying of

)1 smasphere should he felt as an ionospheric content iﬁorease at
station north of Ahmedshsd or else it would show up s en
incresse of plasmesphere content sath of Ahmedzhad since the
onizetion diffuses glong the field lines. However, the data to
confirm this are not at hend. In the third case (July 26, 1976)
neither the plasmzsphere nor the ionosphere content shows any

appreciahble charge.

To ascertain the form of electron density distribution in
the plasmasphere, the model calculations can he carried out,
by fixing the uppner end the lover limit on Np. The elcctron
~density et any height L (in terms of meg. shell mumber) is

given hys
n(L) = n, L™ (3.2)

vhere m 1s veried hetween 1 end 4, n, is the electron density
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::2000 11 which ig teken to 104 elncm~3 <NF includes clectron

ntrihution-upto-2000-km)— e —

The plasmasphere contents for different density distributions

(%)

L
Np = .Spp n(h) ar (
O .

W

- ®
1
~

where Lpp iz the plasmapause location.

The results are shown in Iig.3.18. For slow density

)

variations i.c. low velues of m, the Np atteins very high

alues whereas Np is found to he verying hetween 1 to 4 TEC units

at Ahmedabad. Hence the model cclculctions indicate thet the

' . . . . -1
electron density in the plasmasphere varies most likely es L

here n is hetwecn 2 a2nd 4.



el/cc

mfyﬁvﬁi‘.ﬁ.la B hltnrinl lasmaspheric electron coﬁtent
& pa 6 fnz varjous 1/L7 values assuming

| Na (1000 k)= 10 elicm'3.‘

ri—

C e

ATS~



62

ELECTRON CONTENT STUDIES I CONJUNCTION YITH BOTTOMLSILE
IONOGRAM DATA : '

Introduction

The equ atorial ionosphere is known to have a number of
 distinct features;

(a) There is a pronounced noon-time hite-out in the diurnal
5Variat;on of electron density at equator.

(h) There is an snomaly in the latitudinal variation of
electron dengity over the equator, gradually increasing to form

peaks in the northern and southern suh-tropics.

These aspects of the F~region geomagnetic snomaly first

recognised hy Appleton (1946) and Bailey (1948), have been the
suhject of considerahle investigations (Rastogi 1959a,b,c, Lyon

and Thomas 1963%, Sharma end Fewens 1976). The physical mechanisms

to test

(Hanson emd

Moffett 1966, Bramley and Peart 1965, Sremley and Young 1968,

inderson 197%a) .

Vith the advent of radio beacon on hoard satellites, Farsday

rotation measurements, which give ionospheric total electron

content (Hm>9 are heing widely used for'ionospheric studies.
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to he noted that orhiting satellites provide good spatial

fgolutionmhuﬁmiheW%emporai—fesoiu%i@mwiﬂwsgriOuSl" limitedrmwww@~¥a
or getting a siﬁgle diumal curve, averaging over about three
bnfhs‘ data is required end which in consequence makes the
émporalrﬁehaviour of TEC and other related paremeters uncertain,
’eﬁause of the mixing of temporal, seasonal end spatial variation.
The repositioning of ATS-6 at 35°% (in July 1975) provided én
pportunity to meke = detailed study of the ecuetorial ionosphere.
thvthe present chapter, results of these studies are described

and elso discussed criticelly.

4.2 Comperison of the Daily Variations of IZquatorial NF and Nm

In this section mean daily variations of e 2t Ootacamund
ére compared with the mean daily variation of F2 region peak
electron density (Nm) ohteined from the ionoszrams at a neighbour-
ing station Kodeikanzl (77.5°E, 10.0°N). The LTS-6 signals
 reoeived =t Ootacamund cross the 400 km level of the ionosphere
at 72.9°B and 10.6°W. Thus it is expected that the electron
density varistion at Kodeikanal would be representative of the
varistion at ionospheric cross-—over point. The value of Nm and
the height of the peak electron deasity (nm) have heen calculeted
from the ionograms using Budden's matrix method for the true

height anclysis.
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4 .2.17 Results

In ¥ig .4 .1 are shown the mean daily variations of NF at
otacamund end W at Kodaikenal for the period October 20 to
#ém“er 5, 1975, for which simultaneous o%servations-Were
ilable. 3Both these data are plotted at an interval of 15 min.,
error baré of some representative points are also indicated
the diagram. As expected, Nm shows very distinct bite-out at
oon with maximum magnitude of 10.2 x 1011 eleotrons/m3 at 0915 IT
n the morning and another maximum of 11,3x1011 eleotrons/m3 at
1630 LT in the afternoon. The mipimum value of Nm is 7;2 X 1011
lectrons/ni3 at 1145 LT. The standard error of these points is
héﬁt 0.5 x 10‘H electrons/mB, and therefore midday minimum is
/tatistically highly significant. The curve for N, does show
’diﬁferent rates of increase hut no minimum around midday houis

is noticed. Thus the continmuous data of N. derived from

F
geostationary satellite confirm the earlier ohservations of low

prBiting satellite S66 (Rastogi et al.. 1975).

In Fig.4 .2 sre shown the daily variations of g at Ootacamund
2% well as N and h_ ot Kodaikenal for three individusl days. On
all these three days, Nm showed strong hite-out around noon
COorresponding to & maximum of hm eround those hours. The arves
for Np to some extent suggest a weak Mite-out, but not enough

%o produce a minimum, especially the one for 25 Octoher 1975.
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To understand further the distribution of electron density

ith height, the ionograms of = particular day (25 Octoher 1975)

subjected to true height analysis and the electron contents

integrated upto the level of peak electron dengity (electron

ontent helow peak Nh)ﬂ Knowing HF9 the amount of electron
ontent ahove the peak (Na) is calculated according to the
Quation‘Na + Ny = NFG Temporal varistions of these parameters
for Octoher 25, 1975 are shown in Fig.4.3. It is seen that the

electron content helow the peak:(Nh) is very low in the night-

time, starts rising at sunrise till ahout 0915 hr, remains fairly
Qonstant t111 1800 hr in the evening and slowly drops down to the
night level. Flectron content shove the peak Na’ steadily
decreases in the night-time upto sunrise, starts increasing from
wOGOO to 0730 hr, remains fairly comstent till 0930 hr and later
sihcréase@ steadily reeching = peak about 1600 hr. It is interest-—
ing to note that Na/Nb is less than one between 0800 and 1000 hrs
'anq is more than 2.5 in the evening hours. This accumulation of
,éxtra ionization ahove the pealk rather than helow the peak suggests
enothe r effect of Fountain effect through the electric field in

the electrojet region.
4.2.2 Discussion

The close chain of ionospheric stutions operating at low
letitudes in India had shown thet the two peaks in the daily
Veriation of Nm9 systematically chenge with increasing letitude,

fuggesting an intimate relation hetwecn the diurnal anomaly at
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she equator and the letitudinal anomaly around noon, in the

_(Rastogi 1959a). These features have heen very effect—

vely explained in terms of so called Fountain effect (Moffett
md Hens on 1965, Bramley and Peart 1965). Chendre et al. (1973)
vbowed thaﬁ the bottomside electroh content at Thumha on some
ccasions did not show a midday hite-out @hich was present in
the deily variation of N . King et al. (1967) using simultane-
ous bottomside end topside ionogrems taken at Singepore, showed -
?%hét the ratio of topside to hottomside electron content (N&/Nb)
ig less than one around noon end increased to more than:1.5.in
ﬁhe efternoon hours; this increase of the ratio from noon to”
evening hours is suggested by them to he due to fast increase
topside electron content, which is compatible with the idea

of Fountain effect.

Croom et al. (1959) had shown that the latitudinzl enomaly
_does not exis+t helow 200 km. Chendra et al. (1973) showed thét the
fdgily variation of electron density at constant heights over
ﬁTbum%a showed the midday hite-out only at heights ahbove 200 kms.
King et al. (1964) showed that the equatorial snomaly disappears
}aﬁove the heights of about 900 kme. These features suggest that
ifhe Fountain effect is effective only hetween 200 and 900 kms at
low latitudes. Hanson and Moffett (1966) have computed the
leotron flux at different latitudes and altitudes due to electro-
dynamic force associated with the Fountezin effect. Their results

Clearly indicate that this flux et a particular low letitude is
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ot effsctive hetween altitudes 400 and 600 kms. Thus the
sent-results—are—consistent-because—while integrating the
cctron density over a large height upto the top of the F-region,
hé‘would dilute the consequences of the Fountain, which are
ocalised in eltitude.

 §guatoria1 Ny Compared with the W at the Crest of the
‘Bguatorial Anomaly

giIt is ohgerved that the equatorial NF does not show the noon
%ité—out correéponding to that ohserved in the daily variation

bf Nm hut the presence of equatorial anomaly is olearly‘noticed
in the latitudinal variation of NF' In this section we compare
the mean daily variation of NF at equator (Ootacamund) with Np

ﬂnear the crest of the equetorial anomaly (Ahmedabad) .
4 .31 Results and Discussions

In Fig.4 .4 are shown the meen daily variations of Ny et |
}Oétacamund and at Ahmedahad for the period Oct. 20 to Nov. 5, 1975;
The points have heen plotted at an interval of 15 min. The error
hars on some of the representative points are alsb indicated

in the curve for Ootacamund. The lower two'curves in the same

figure show the rate of change of Ny with time, calculated for

Ahmedebad as well as for Ootacamund at an interval of 15 min.
Some of the importent features to he noted are as followss -
(i) Night-time (1900-0400 hr LT) as well as daytime (0600-

1200 hr LT) NF values for Ootacamund are higher then the corres-

mman A e wrm T A A P man Bl A TR A
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(ii) During 1400-1600 hr LT, NFrvalueS at LAhmedazbad are

higher than the Cotacamund N, values showing the presence of

EX

tquatorial enomaly .

(iii) The mean daily veriastion of NF at Almedahead shows a
sharp peak around 1500 hr LT, whereas for Ootacamund; one notices
a flat maximum during efternoon hours.

(iv) One clearly notices a sharp decrease in the rate of
_increase of Ny at Ootacamund, at around 1000 hr LT which is
thought to he 2 manifestation of the Fountain effect which is

responsihle for the noontime hite-out in Nﬁ’

fxeamining the curves showing the rate of change of NF’ one
notices sharp dips around 0800 hr LT for hoth the stations. Also
it is noticed that during dey time (1000-1600 hr LT) NF at
Ahmedabad increases with o rate of about 0.9 x 101° el/mz/min
wheress during the same period, N, at Ootacemund increases very
nominally. The increase of N during daytime at Ahmedabad, shows
the dumping of the ionization hecause of the Fountain effect,

but corresponding to it, the decrease in Ny at the equatorisal
station Ootacamund, is not that marked. It is to he noted that
the Tountain effect is most effective hctween the altitudes

400 end 600 m (Henson and Moffett 1966), wherees Np contains the
electron content upto altitude of approximately 1500-2000 km
(Davies et al. 1979, Titheridge 1972) . klso it is found that

the equatorial F-region hecomes thick during noon-time (Huang 1974 ) .
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¢, keeping in view, ahove two factors, it is suggested that

effect of the rnoon hite-out, which is present very prominently

. maa s
£, gets diluted in N

Around sunset one gets an enhanced rate of decrease of Ny,

peck rete of decrease, heing sharper for Ootacamund. During

t-midnight hours, N at Ootacamund decreases from 10 to 2 TEC
£ s MR

its whereas at Ahmedehad, Ny remeins more or less constant at

low value equal to 2 TEC units.

Slah-thickness Studies of the Eguatoriel Ionosphere

4

The ratio of TEC (Ny o

density (Nm) ig known as slab-thickness (U ) which is a measure

or NT) and the F, region peak electron
of the thickness of the ionosphere, if it were of uniform electron
ensity N . The slab—thickuess U, is related to the shape of
ionization distribution, the smaller the value of U, the more
skewed is the ionization profile. For an - Chapmen type

;Qistrihution of ionization Wright (1960) has shown thats

T = 4.13%3H where H is the scale height of the ionigzation

constituent (atomic oxygen) .

For the present study of slah-thickness (rt'), the ionosonde

data from Kodeikanal (77.5°%, 10.0°N) which is very close to sub-
\ionospheric point (72.9°L, 10.6°B) for Ootacemund to ATS-6 ray-path

have heen used.
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L4 .1 Résults

The mean daily veriations of Iy, Nmand(t:F (= NF/Nm) for
f reht months are shown in Fig.4.5a. The deily pattern of ﬁtf
“haracterised by two mexima, one around pre-sunrise hours and
second around noon hours. The pesk value of Ty around noon
ound to be around 400 kms. For summer months one ohserves
,1sé‘in pre-midnight hours, but no firm conclusion can be drawn
‘gérding the presence or the ahsence of pre-sunrise peak

ggse Hm dete during night is discontinuous due to spread-F
ition. Fig.4 .5b shows the mean daily variation of N, Nm and
on international quiet and disturbed days, grouped for
ifferent scasons. One does not find much of the variation in Ty
urimg disturhed and quiet periods indicating the preservetion

f the shepe of the ionization distribution during disturbed.
efiods. As expected the dezytime velues of Np and Nm for

isturhbed days are more compared to quiet day velues. The slab-
thickness studies were also done using total electron content Ny
5btained from the group delay technique. The results aré shown ih
ig.4 .6a,b. The gencral features are the same as ohtained using
Nﬁ data. The pre~sunrise peak in the slab-thickness ohtained
 uSing Np, is found to be much lerger than the daytime maximum

Wherees in the case of slab-thickness ohteined using Nu, the

o
Pre-sunrise peek is only as large as the daytime maximum or even

smaller than the daytime maximum.
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4 .4,2 Discussions

The interesting fecture to be noted in the diurnsl variation

of U is the occurrence of large morning peak followed by very
sharp decreese. Similar feature has earlier been reported by

arious workers (Yuen end Roelofs 1967, Walker and Ting 1972,

Titheridge 1973) using data from geostationary satellite.

Klohucher end Allen (1970) have reported rather zhnormal diurnal

variation in winter with night—time values'greater than daytime
values. Iyer and Rastogi (1978), Skinner (1966), Rufenach et al.
(1968) ana Bandyopadhyay (1970) also observed the presenoe\of’

the morning peak in the dinrnal veriation of T at equatorial
:Stations; the ¢ate used heing from orhiting setellites. 'Varidus
1§heories have heen advenced to explain this festure. Titheridge
(1973) had discussed the dependence of U on different ionospheric
;parameters and concluded that ‘T is primarily a measure of the
Vneutral tempereture and not plasma temperature. Yeh and Flaherty
 <1966) heve studied the dependence of " on Te/Ti ratio. Furman
kahd Prasad (1973) have shown that T is neither e messure of
jnéutral temp. nor of Te/Ti ratioy; but the departure of T from
;the Chepman velue decided My 4 .13H is a meesure of the departure
from the diffusive equilibrium at topside. Coming to the
theories for pre-sunrise pecks, Bendyopadhyay (1970) suggested

”it to be due to conjugate photo-electrons from summer pole heating
the winter pole ionosphere. Skinncr (1966) attrihuted it to

arly sunrise ahove the layer peek. In the present geometry of
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- AT5~-6 to Ootaca mund path, the sunrise along the entire ray-

1 ocours in a very short-time and since the production is very

;11 ahove 500 km, its role in producing the predawn pevk in
prohahbly small. Garriot et al. (1965) proposcd the presence
 signiﬂicant Hf and HY ahove the F layer pealk which could account
of the predavn peak in T . This also explains the fact that |
7rger values of the pesk are ohtained for ’CT which is derived
fbquT‘thaﬂ fTF which is derived from Ng. A significant
1dﬁtri%utiom to Np comes from the electrons associated with H" and
ions wheress similar contribution toNF is emealler in extentfu
~:more detailed<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>