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PRETFACE

'orlzontal movement of “the 1onospherlc 1rregu1ar1t1es

owlnd +he spaced receiver fading metbod of Mltra has been

'stHCOmmon method to study the dynamics in the & and F

| f'lonoephere.k Ionospherlc drift work at the Physical

__abbfatory started in 1954 when an experiment based

's technique was built and Operated at Abmedabad.
‘°suremente were also contlnued at Ahmedabad during IGY~IGC
nd IQSY periods emd showed varigbility in drift dlrectlon. e
’eger; when similar experimental eetaup was installed at

hu:ba close to the centre of equatorial electroget in” 1964

observatlons revealed a very consistent picture with

,,werd drift during daytime amd eastward drift duxang night-~
The ooservatlons showed that the drift measurement in the
‘rojet region is highly correlated with the electroget.
coura ed by the results a’ Thumba it was “elt to have a
oordlnated chain of drift stations and examine circulation .
'attern‘ac Low Latltudes in India. With this aim the drift
easuremente were restarted at Ahmedabad in 1970 u81ng new
‘proved 1netrumentat10n. Additional stations were eeteup at
Madras and Tiruchirapalli close to the equator also. To examine
 val1d1ty of the technique at tropical latitudes simultaneous
easu"emente were made at Ahmedabad and Udalpur gseparated by

100 km durnmg the year 1973 74, and the comparison showed
fan excellent agreement. The drift measurements at Ahmeéabad

j&urlng daytlme hours of B-region for the period 1970-75 conutltute
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”gest conblnuous spell of dbservatlons made at this

onf nd thls has alloweu to study the bohaviour of the

pattern at " is latitude zone in some detail, It has been

,fO“eXamine“the“effectSWiike”of Seasons, chang

;;d?ljéffedts,kof magnetic activity, of the solar activity

f*theiinterplanetary magnetic field. The thesi&aisaprimaﬁiiy 
: uhe results ob tained from the measurementq of drlfts k
"  wt Ahmedabad during the perlod 1970—75 and from the
‘ed data of E~Teg10n drlfus at Yamagawa and Slblzmlr o
sed to study the global olrculatlon pattern. In addition
“%udy_of the quiet day geomagnetic field variations in the

roget 1at1tudes, of counter electroget effects in the

'magnetlc flela variations at different 1at1tudes and on the
églon drlfts at Ahmedsabad was undertaken. A spaced receiver
olntlllatlon experlment was conducted during the perlod
Fébrﬁary,1978 - July 1979 at Tiruchirapalli end preliminary
’Ufof the dynamics and nature of irregularities cau81ng

UC““+“11“+“0W“ ave also included in the thesis.
The thesis has been divided into six chapters.

The first chapter is an introductory one and briefs of
nOSPhere, geomagnetism, dynamo theory, electrical conductivities
_  ?&¢.upper atmosphere, motions in the ionosphere and techniques
ldfméésure them.

”’The'second chepter describes methods of data reduction,

,;ﬁeXPerlmental set up and the results at Ahmedabad during the




iii

75. This includes the basic morphology i.c. daily,
,nd solar cycle VarlatIOﬁS. Dependence on magnetic

}n 1nterplen,terj qunetlc fleld and on lunar age are

othto bef31gn1flcant.;

_ohlrd ch pter describes the results of the morpholowy
rlfts at a middle latitude station at Yamagawa and at a

I laﬁlﬁude station Sibizmir. The chapter also includes
ésions on the results at electrojet latitude stations for

parison of drifts on a world-wide scale.

loﬁ?th chapter is on the geomagnetic studies. The
@éy[daily variation of H component at electrojet stations :
anﬁaYo and Trivendrum are studied ffom a large gset of data

jthe seasonal and solar cycle effects are discussed. _Tne

phenomenon of counter eleotroaet 18 studled 1n detall ‘and. the

"Sso 1ated effects in geomagnetlo components at low, mlddle and

4 lemltudes are descrlbed. ‘One magor flndlng has been the
1@853in-the drifts observed at Ahmedebad during oounter

'troget events of w1nter monthb.

1 fth chapter is on the spaced receiver 801nt111atlon

experlment conducted for about one and half years at TlruohlrapalLlo_

Th”yprelimlnary‘results on the occurrence frequency of scintillatfiion

paJIYTVariationsoof the scintillation indek and of the velocity
*Qf 1rfegular1tles cau31ng sc1nt111atlon on a few typical nlghts

are oresented. Scale size of the 1rregu1 rltles o,tlmated uolng



iv
.  od the results of the cross—spectral ana1y81s

frecords are shown here. anmples on appllcatlon

‘ommuniCation are ﬂresented which include the

1ty dlstrlbutlon messqﬁe relisbility, and auto—onrrelatloa

Gomp rlson with simultaneous HF drifts by Mltra s technlquc
QQ ppesented.
last chapter gives fthe sumary of the main results

thesis and the suggestions for future work.

fsincerely hdped,thét thelpresent investigations

(v P, Pdtel)
Author.

: {—1 %5'(31,;,4@\4-, C.Luﬁ?wé, ya TP an LA
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'CHAPTER - 1

- INTRODUGTION

'In*r:luct*oﬁ to ITonosphere

3The"neutral‘ccnStituents of the upper'atmosﬁhere are acted

by the shorter wave ultraviolet solar radlatlon extending
,,afay region. They produce ‘molecular or aﬁomle (p031t1ve)
fb&;détaching me of the electrons from.neutral molecularor'
 f;Some of the electrons will attach themselves fo an
7m ot'moleou1e of oxygen to form a negative ion. These actioﬁsf
k?ﬁséveral others - particularly charge transfer and three
radiative recombinations. The region in which these
sés takes place is called the 'ionosﬁﬁereﬂ. It extends
dmfgﬁbut 60 km to 1000 km and above. The electrm density
sﬁfibﬁtion in ﬁne jonosphere is shown in ?iSET?T@/(FiS»f?T_@;SO:
naiéafés height of different icnosphericregions (left pértidn?g
'§ ﬁemperature at different altitudes alongwith proCésées;(figﬁﬁ
o) ).

The exlstence of the immosphere as an electrically cmductmt

was flrst proposed in 1883 by Balfour and Stewart, They

red 1t from a study of the small daily geomagnetic variattor

ObsérVed at the earth's surface. In the early nintees, after

Marconl had transmltted radlowaves across the. Atalantic the
sence of an ionized region in the upper atmosphere was invokea

aﬂ,PXPlanatlan t0 this effect by Kennelly and Hanlslde

Eflected by the ionosphere and they play a key role in the

‘@1StanCe radio wave propagation.

,ependently; It was shown that radlowaves (of certaln frequencﬁnf
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2l scientists like Barnett, Breit, Tuve etc.

by sever

lies between 60-90 km altitude. The altitude region

ween 90-140 ku is termed as the B-regim and above 140 km 1t is

ormed as the F-region. The P-region usually splits into two
ions during daytime, the 7y and the T, region which merge'intQQYXV
ingle region during the night-time. The maximun ionization

sity occurs at the W, peak, the height of which varies

»?35~250‘45O km depending on the location, time of day,
s?@t cycle and magnetic activity. The ionisatim decreases
e the F, peak altitude.

;\flThe ionosphere is broadly classified into the 'bottomside!
éé@ftﬁé~'topside* ionosphere. This divislon is based m fhe’ |
;,fédioane sounding technique for studying various ionized layers; \ 
Qhe bottom81de ionosphere upto Fy peak, is amenable to exploration
,:from the ground-based imosonde and hence the name. The 'topside!'
bglonpsphere cannot be investigated from the ground-based ionos mde
becauSe the underlying 'bottomside' ionosphere shields the 'top31de'

lonosphere.




f%égipn ionisétion is produced mainly due to the

,sa%iah of molecular oxygen and molecular nitrogen by

1ar X—rays in the wavelength range 1 1OA and also due to the
isation of" nltrxc ~~~~~~~ oxide by -solar- Iyman —alphe- radlatlonmw¢meﬂ
5The’freé electrans and ions thus produced are lost

he dissociative recombination,

e s> X 4 Y (1.1)

rre XY is the 1onlsed molecule and X and Y © are atous

1ted state._ In the E-region (90-140 km) the ionisatio is

fproduced by the photolonisation of molecular oxygen and

,lecular nltrOgen by EUV in the range 911-10274. A small Contrl—
ion comes from the X-rays in the wavelength range 10—17OA- |
oss of ionisatim in E-region is also through the dissocia-

ecombination scheme as shown in the equatia (1.1).

iThe lower boundary of the F~region is usually taken to be
und 140 km_altitudé. The chief neutral comstituents in the
'udelrange 150;600 km are atomic oxygen (0O) and molecular
:éenﬂ(Ng)J The source of ionisation is solar UV radiatim
kﬁhe~WaVelength range 200-911&, (the latter wavelengfh being
#ﬁé inisation limit of atomic oxygen). The production of the
"-region ionisation results mainly through the photoionisation
Ofbatpmlc oxygen. The free electrons are lost through a two

ge process:s viz. (a) formation of molecular ioms by ion-atom

terchange and (b) dissociative recombination. If X, denotes



. ’hef‘oé or No the loss scheme -may be written as :
L R (T ¢ (1.2)

. ‘l""‘(’f\e —_ X + 0 . (1.3)

,These reglons of the 1onosphere influence the radio waves

gylng from about 100 kHz to 25 Miz and hence the 1onosphere

be'studled using the radio waves. Early 1nVest1gat10ns

; made malnly by using sounding the ionosphere by radio waves%‘
reit and Tuve 1926, Appleton and Barnett 1925). A detailed
description of various techniques of probing the ionosﬁhere'isf"

nTin the April issue of J. Atmos. Terr. FPhys. (1970).

ﬂGeomagnetism

. The geomagnetic field is predominantly dipolar. It is

Speéified in the following way:
bE the northward component

Y the eastward component

oz the vertical component
or by
. 2 2.\%
the horizontal component H = (X°+Y )= (1.4)
the declination D = V%) (1.5)
and
the inclinatiom I = tan~1(Z/H) (1.6)

=S
The total field B (or F or T) = (X2+Y2+Z2)2 (1.7)
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10 G). The compoments D and I are in ratio

usually converted into degrees, minutes and seconds of'aic;:
o] us“ef the point I = O is called the magnetic d1p equatOr J
eO;'and the total field is completely represented by
vvbmpchent H. In contrast with this there are points‘ 
;h\ig:h latitudes where H=0 and I=90c and field is

“ntedeby vertical odﬁponent 7 only;"Theearetic and.antefciice
_q‘di’:‘p poles were at about 76°N, 1010W and 6605, 14108 in ‘
{These positims change slightly with time. If no eleetric
enfé are flowing across the earth's eurfece,'the'gedmagﬁeffé
ntial v satlsfles Taplace's equation and can be represented

serles of spherical harmonics in spherical polar coordlnates

B (Ooe G)z Lﬁ(1—c§) (a,/r))n+1 +Cg (r/ag%}

e s

1
(1 %) (a/r)*1 +5%(a/r)P | B® sinmg | (1.8)
& g A
are pos1t1ve numbers representing fractions of the
armonlc terms of external origin. Actually, V is not obserVed
dfrectly but the world w1de dlstrlbutlon of components X, Y, Z

an,be used for determining various coefflolents in the ejquation

-8) by the relatims:




Lo e _ v
R —— 7%% and 3 = =3 (1.9

V,;VVVC“;QH"SiS’tS of Compment V Of external origin and V

mal origin. The external component v® is very smaL&_an&E_
llyto field -of the order of 100 gamma on the surface of

while field due o v ig of several ﬁhousand gammas.;,

e7geomagnetic, geograthic and magnetic dip equator differ

éh other in varying degrees (0+100) at different 1ocations'

e earth A better matchlng between observed dip conflgura~

\nd the calculated geomagnetic coordinates is obtained. If
"SSumed that the dipole is an eccentric with the centre

d to about 450 km (in 1965) from the centre of the carth
ifé-axis intersecting the surface of the earth at about 810N,
:‘g@75039 {200% it produces satisfactorily the very low values
bggﬁiQSOOO‘Y"for the total field at south Americaﬁ e@ﬁétéf“ .

ébbut 40000 Yy at the Australasian equator.

 $hé various components do not remain constant with time.

the components of geomagnetic field show distinct periodicities
ing‘frbm a few seconds to several fhousands years. Périods |
ygfyears are generally connected with solar phenomena while
perlOdloltles are mostly related to the internal structure
he earth and its core dynamics, though some periods of a few

‘ld!also be of internal origin.



'ft;he most spectacular varlatlon exhlblted by all
~1c1components is dqlly varlatlon (24 hourly) with falrly

values at nlght the field 1ncreas1ng shortly after

" 1ng _maximum value around noon and falling thereafter
1nithe nlght-tlme leVel after sunset. Such a smooth

s known as solar dally guiet variation (Sq) However;; .
iqulet day pattern varles largely from day to day -and season tol
eason. The pattern of daily maxlmum reverses at a latltude

400 and this latltude is called Sq focus. The exact latltude
ferent for dlfferent longitudes and seasons. The range
.1at10n 1n course of a day, day~t1me max1mum'Value‘minus the
,tlme minimum value is known as the daily range in the

ectlve component Thls dally range is seasonal and solar
11ty dependent and exhibits day to day variability also

endlng upon the posltlon of the focus ‘The daily range is

'melly expected to fall off from a broad maxlmum value around
_9 eguator to zero value at ﬁhe Sq focus. WOrld—w1de averages
yl°olal gulet daily varlatlons of geomagnetlc componente for
ferenﬁzlatltudes are shown in Fig.1.2, These variations are'i
iﬁuted to the motion of the upper atmosphere which produces
;:omotive force and electric currents by dynamo actlon

ser, *ﬂeéé-)

nstruments for measuring magnetic field components,
,alally based m the rotation of a carefully balanced magnet

;e*ln use all over the world for Several decades. In the recent



fﬁeasurements have used analog dovices like flux—gate

core and spinning coil magnetome ters or resmant

deVlce like the proton precession or rubidium vapour

umpngvmagnetometersm(mbtsushlia_andMCampbe;l4mJ961)y

Dynamo The ory

e existence of electric currents in the upper atmosphere

:Oﬁé in the earth's magnetic field. Stewart's proposal
ogkmore mathematical footing by Schuster (1889). By

a f]’flyai*monic analysis of the mgnetic field, Schuster
#hat‘the presence of the varying field could only be

ed Hfo:r' by curren ts which are external to the earth.
Schuster, 1908) developed a quantitative theory Whlch
téd for these variations. In essence the Stewart-Schuster
'ry is the appllcatlon of the dynamo priuciple (Elsasser,k1958)'
hdltlons existing in the ionosphere. In this case cmducting
nrin the ionosphere is treated as a thin spherical cbnductingg

which in the absence of the magnetic field, moves in a simi-

annér to that of the neutral atmosphere. Due to the presence

a?th’s magnetic field, however, the force exerted on the

ed particles is at right angle to both the magnetic field

;ﬂeutral particle velocity.

The Wlnd(veloclty W) flow1ng across the magnetic field B,

ludes the Torentz force e(WxB), e is the charge of eleotron.



Pig. 1,2 « World-wide average daily variatims of the
. horizontal component at different latitudes
for three seasms. K R



t;,tiib'Whioh ions an. electrons get .ffected by this
_dgpéhds upo- the ratio of their collision frequencies to

gyrofrequencies which in turn is a function of altitude.

irection parallel to the magnetic field the wind has no
éﬁcé and both ions and electrons move in that direction;

bé direction perpendicular to magnetic field the effect

 ﬁz force depends upon how frequently the electrons or
bllide With the neutral particles compared to their\(ioné
liéctrons) gyrofrequencies. In the dynamo region (approxi-
:“:90—140 km), the electram gyrofrequency is much higher
fs,collision frequency with neutral parﬁicles, wereas iem-

i'l:collision frequency is higher than the ion gyrofrequency.

in this region, in the presence of wind, the ions and

trons will have differential motions. As a result the

netic field lines are fairly vertical the Torentz field will

quite effective. The polarisation field set up will modify
currents generated initially by the differential motion.

;¢Urrents produced by dynamo action can be expressed as



_1b,

"";yr(é’rl. B | | (1.10)

 _1«_33~'(er) | (1.11)

”;lé the earth's magnetic field taken along 7 axis

E is the polarisation field assumed to be electrostatic

ch can be expressed as:

= = p S (1.12)

5Where @ is the secular potential and (g7) is the
nmmﬁhiwrtmsmu

In these calculations it is considered that under the
an§f>earth's magnetic field the ionosphere is nonisotropic

dugtof‘with tensor conductivity ( ¢').

 The currents thus generated are assumed to be non-divergent

wplying that there is no accumulation of charges. The electro-
“tic”field,set up by the charge separation is considered 1o

irrotational.

=0 (1.13)
= 0 (1.14)



Thé eQuation of the motion of the neutral particles can be

—vy) (1.15)

f The dynamo calculations are based on the assumed wind and
coﬁduétivity models. Any uncertainties in these parameters would

turally lead to wncertainties in the estimated Sq field and

The yearly averageSq current system deduced from magnetic
variations recordéd at the observatories situated at various

latltuwu Curing IGY (19575 is shown in Fig.1.3.

1.2.2 Conductivity of the Ionosphere
~ Tensor conductivity ( @ﬁ) is originally 3 x 3 tensor

conductivity which is denoted by (. Taking cartesian co-ordinate

System with its axis along the magnetic field directio B,

an be written as:

{\:;1 _{;2 0
Ve - -
(‘“ J‘ | 62 m O (1.16)
O O Lio //
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2 N . 2 y
eVe Y+ w m Vi Voo+ Wi
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62 = "e e Ve N ny i \)1 e2 (1.19)

ere n, m and \) represent the number density, mass and
cbllision frequency of charged particles, w = %; the
angular gyrofrequency of the pabid¢e and subscript e or i

ndicates electrons or massive iams.

. 60 is the conductivity along the direction of the imposed
fleld (the z directim which would have been the conductivity in

the absence of magnetic field).

. The electric field E perpendicular to magnetic fie ld produces
currﬂ* dengity O which 1s nct along the electric field. The
_compunent along the E is known as Pederson c mductivity and

denoted by @ and can be given as mentioned above.

When electric field E is perpendicular to the imposed
Magnetic field it also produces component of current perpendicular
to electric field B and also pependicular to magnetic field whicl:

is denoted by Q:gg This current is called Hall current and

: onductivity is termed as Hall camductivity (62;
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ionosphere is inhomogeneous complications arise. TO

te these let us suppose that it consists of two separate

gla ,llke layers E and F, each wiform throughout, and a reglx

en wh1ch the ionisation is comparatlvely weak Let us. al

e that the E layer is moved by grav:LtaLlonal or thermal
*50 that it acts like dynamo. Then if the tensor (()

d :to calculate currents flowing, it will in general be

d %hat there is a component perpendicular to the top and
,tom:boun/daries of the layers. Since, however in the simple
ture no curent can flow vertically, perpendicular to the
undaries, charges must appear on those boundaries, just
"S’uffiéierlt to stop the flow. The electric field of these will
Vléo'altéiyrthe components of currents in the horizontai direction.
,‘EiligZ-—axis is now taken upward and the earth's magnetic fiea;
theZX plane making angle I with OX, then it can be shown that

fli‘iting' current density:

= (¢") . . (1.20)
where (/') = Exx bxy v."‘}
- ] (1.21)
\ TCxy by,
N, ' 5
and éxx = 6BSinZI + (/100821 (1.22)
: 2 2
-~ _ (5 Cos°I
qu 61 + 2 (1.23)

]
1 6’63in21 + (—;',;COSZI



Y
G>O o gin I

C{y = 5 5 (1.24)

,j;bSin i-+ g?COS I

(¢') is called layer conductivity (Baker and Martyn 1953)

c:uétmbe@usedWinWcaﬁcu&atingwdynam@“currenﬁmfiﬂwing,,

At the geomagnetic equator I = O hence

Lxtx T 5o (1.25)
: /_,,2

Cop = 61 + E2 | (1.26)
&

| éxy =0 | (1.27)

1.2.3 TFguatorial Electrojet

In 1922 when a geomagnetic observatory at Huancayo near the
dip equator was established a new feature of the daily variation
Qf@earth's magnetic field came into light. The daily range in
ﬁhe declination and vertical intensity 7z at Huancayo are
dOmparable to those at the stations in similar geograrphic

latitudes, the diumal range in the horizmtal component H



; ]
3
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abnormally large being of ten more than double the expected
lﬁe. This abnormal range in H was interpreted by McNish (1937)
;elnv due 1o locally concentrated eastward currents.. Pgedal

. 1948) reported that the diurnal range of H at six statlons

> the equator showed sharply peaked curves symmetrical about

hé dip equator and smoother than a plot agains t dipolerlatifudésQ
ubsequent measurements at other places viz. in Uganda (Chapman,
_948) Nigeria (Onwumechilli and Alexander, 1959), Peru (Porbush
id'Casaverde, 1961) and in India (Pramanik and Yegananarayanau,
1952; Pramanik and Hariharan , 1953; Thiruvengadhan, 1954) showed ’
aﬁéuabnormal increase in the diurnal range in H happens at'éll
Hgés\near the dip equator. It now became clear that the
, aﬁcément was due to overhead currents. This enhancement of
,giectrio current flowing in a narrow zone of + %0 over the

méghetic eQuator on the sunlit hemisphere was named "Equatdrial
éléctrojet" by Chapman (1951). Fig.1.5 shows the abnormal diﬁrnalk
fénge in the electrojet regim. |
The cause of equatorial electrojet lies in the speciai feature
iQf eleétrical conductivity of the ionosphere., PFor a locatim at a

\ipxapgle I where I is very small, the vertical Hall currents

greéfly inhibited and a vertical polarisation field is formed
/ iéh'when crossed with the predominantly horizontal north-south
5@éghetic field produces an additional east-west motion causing
ﬁhé Strong electrojet. Several workers notably Baker and Martyn

1953) evolved the mathematical treatment of this problem and
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= (3B : (1.29)
B/ 65
= B [/ 402 (1.30
g ) )
. 1
: ) ',2 A
, - A . . )
where éﬁ + W2 |= £ is the cowling conductivity which exceeds
o i;——} , :
'\,‘.1

Pédersoﬁ conductivity iq in the equatorial E-regim. Here again
zenith angle dependence of the conductivity is neglected anad
\ﬁhakraborty and Pratap (1954) and Pratap (1957) pointed out that
this will give only a semi-diurnal magnetic field variation and
not a diurnal 3. A survey by Forbush and Casavarde (1961)

in the electrojet regimm of the American zone during IGY (1957-58)
confirmed some of the features predicted by Baker and Martyn'(1953)¥5
The longitudinal difference between electrojet strengths at
Huancayo and Trivandrum (about 19dj{~and 140‘ymrespectively in

1958) is another interesting aspect (Chapman and Raja Rao, 1965).

The first attempt to explain this was made by Sugiura and Guin
”(1966) by formulating a model for electroget region wherein they
\used a set of 48G (guass) coefficient for geomagnetic field and

“  "found that cowling conductivity was 1ndeed highly longitude

dependent. A new and very facinating aspect of the equatorial

’electrojet is the phenomenon of counter-electrojet.
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71;2.4 Counter-Electrojet
:Onfsqme quiet days H value in equatorial region during
yfime'hours seem to drop below the night time level. Thlg

'nomenon was Tirst observed by Gouin and Mayaud (1967, 1969)

was named "counter-electrojet" implying there by that durlng ,
sé\lnterVals, ‘the overhead electrojet current reversed 1ts
‘éctlon of flow temporarily. Hutton and Oyinloye (1970)
stﬁdied further details. The phenomenon occurs predominantly
afbund 0630, 1200 and 1500 LT more frequently during quiet sun
yéars and has no relation with either solar flares or lunar
ageyﬁhough the later may cause some modifications in magnitudes
of the effect. Onwumechilli and Akasofu (1972) reported the
A&ays when counter-electrojet has strmg lunar influencé, but
,épmé'time in phase énd some times antiphase. In the equatorial _
’region,;the ionospheric E-region is characterised by the preéénoe: 
,éf*irregularities giving rise to equatorial sporadic E (Es-q)
~almost throughout the day time (0600-1800 hr IT) so that fols
fis several MHz. ~ ‘Howeveyw, . the occurrence of counter—
fglectrojets is strongly associated with disappearance of

equatorial sporadic-E.

The temporary reversal of an eleotrojét could be, to say the
 }east, beffling as the assoclated dynamics would be quite
COnfusing. Balsley and Woodman (1971) who reported meésuremeht
;Qf E—reglon drift reduced to zero when H values showed cownter-

:electrogets, but reversal of E-region drifts was not observed
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them. Their data wag obtained by determining the mean depler

shift of oblique radar returns from a certain types of electron

déﬁsity irregularities. On the other hand, using the three
Clgéeiy‘spaced receiver mghod, Rastogl et al. (1971@>measured
f';déﬂmpegionwdfif$swatwThumbauémagne%iewdipwequa#ér;wIndia)“@gd .
;éeaolear reversal during counter-electrojets; from usual
sé&ard flow to a temporary east-ward flow. The counter-
eié;tfojet phenomenon is restricted to a narrow longitude zone
fhough it may persist in that zone for several days oontingously
or intermittently (Kane 1973, Rastogi 1971, 1974 ,d). -
”Fambitakoye et al. (1973) suggested as a possible cause qfn.ﬁwj
Jcounter~electrojet an additional belt of current underlying the
;ﬁormal electrojet and flowing in the opposite direction.
fVérious other mechanisms are proposed to cause the counter- |
;electrojet (Rastogi 1975, Richmond 1973, Fambitakoye et al. 1976,
_~RaghaVarao 1976 ). Phenomena of counter-electrojet reported at
‘various equatorial station have been reviewed by Rastogi (1974 )

_ynand more recently by Mpyaud (1977).

1.3 Motion of Neutral Atmosphere

Winds in upper atmosphere exist. Visual ébservatibn of
noctilucent clouds provides direct evidence of the existence of
~ winds in upper atmosphere. Noctilucent clouds are considered
 to be assemblies of small dust and ice particles and are

~ observed arownd an altitude of 80 km in high latitudes.
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rement of these clouds is naturally the neutral wind velocity

t these heights. By photographing th ese clouds from widely

paced locations, one can determine the height as well as drift

loclty of the clouds. Stormer (1932, 1933, 19%5) studied

: horizontal drifts of such clouds and found the average speeds
of the order of 80 m/s. The occurrence of such clouds is véry

are and restricted to high latitudes only.

Another evidence of winds in the heights around 100 km was
egiven by the drift of visible meteor trails. Meteor enfering
ﬁhe earth's atmosphere with very high velocity collide with
néutral particles and get heated up resulting in its vapourl-i
»ZaflOn and thermal ionisation of the medium. The hot meteoric
Jpartlcles therefore produce trail in the atmosphere which is
:;some times even visible and is able to reflect the radiowaves
iheident on it. Both photographic and radio methods have been

yéed to studythe winds in the upper atmosphere.

Upper atmostheric motion is mainly characterised as
(a) motion of the neutral atmosthere and (b) motion of the

ionisation in the upper atmosphere.

(a) Motion of the neutral atmosphere

Motion of the upper atmosphere is govemed by the hydro-
dynamic forces. Various types of the motion of neutral

atmosphere are summarised as follows: -
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3.1 Prevailing Winds

.

‘ Prevailing winds are of global scale in mesosphere and lower
'hemesphere. These winds are long period winds (vary with season)

hose associated corriolis forces will just balance the local

orth-south pressure gradient and this gradient is produced in 

ﬁfn,by meridional variations in the temperature-height profile.

1.3.2 Planetary Waves

~ Planetary waves are in the lower atmosphere with periods of
idayé. These waves are almost entirely trapped in the lower
‘atmosphere as a result of mesospheric winds. However at some
seasons a small fraction of their energy may penetrate the
mésosphere and contribute to observed motions near 100 km

(Hlnes s 1963) .

1.5.3 Tidal Oscillations

Tldal oscillations are global in scale with periods related*
fftO solar and lunar days. They can also be treated as a special
Jcase of atmospheric gravity waves. The sun and moon produce
tidal forces in the atmosphere. These forces set up tidal waves
iﬁnthe atmosphere which result in horizontal air motions. The
Mosphere responds differently to forces of different reriods.
The motion of air across the geomagnetic field induces electro- .
métive force, which drives currents at the levels in the

|  iCanphere where the air is electrically conducting which cause
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¢ periodic solar and lunar magnetic variations. The syste m of

sctric field,currents‘and charges produced by this process has

mportant influence on the ionosphere itself.

1.3.4 Internal Gravity Waves

: Internal gravity waves are of periods of a few minutes to
“é&éral hours having vertical wave length of a few kilometers and

1inzontal wave length upto thousands of km. Hines (1960, 1965)‘k

;érgé-scale motions. They oy be produced in the upper atmosphere
fﬁj the breakdown of tidal motions, which attain large amplitude
’iat tﬁese heights that non-linear processes occur and cauge
idissipation of energy. Altermatively, wind system in tﬁé;lower’
iﬁﬂmsrhm*ecangene:r'a.tegmwitywa\res,tkmug;hﬁepmehﬁﬁ@1

;Cf waves 10 the upper atmosphere then depends on the tranémission

and reflecting properties of mesosphere.
1.3.5 Turbulence

The turbulence is characterised by the random oscillations
fdf velocity which produce irregularities in the path of a
J barticle. The kinetic energy of the fluid due to the fluctua-
tions in the velocity will subsecquently be dissipated as heat.
,The fluctuations as manifested in veloeity are different from the

regular wave motions and turbulence grows at the expense of the
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ﬁérgy in waves either by breaking them or by extracting energy
ffbm the strain rates produced bywaves. Turbulence serves as a

Ngink" of energy.

The methods used for the measurement of the motion of neutral

Methods _ Range

Ground-based methods

(1) Meteor trail method 80-100 km,

 (i1) satellite Drag snalysis 180-300 kum.

Rocket-borne methods

(i) Point release or 'blob! 80-upto the apbgee'
release (can be used for
‘ predetermined level},

(ii) Trial release 80+upto the apogee.

144 Motio of the Ionisation in the Upper Atmosphere

A% D-region height the neutral gas is sﬁfficieﬁtly dense so
that it can carry with it in its motim any ionisation that
’happens to be present. This is not necessarily the case in the
E-region and above, however, the ions and electrons present in the
E-region and above are subject to force that can exceed by a

large factor, the collisional interaction with the neutral

canstituents.
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The importance of'charged particles' movement is twofoldg
P fétly they lead to ionospheric currents if the mean drift

Velocltles of positive dions and electrons are unequal. Such

urrents, -concentrated-mainly-in- thew l-regiem-are—thought to be
~espons1ble for most of short term variations in the earth's

geomagnetic field. Secomdly particles movements redistribute the

free eclectrans produced by solar ionizing radiation, before they
é?e removed by recombination or attachment. kThe effect of sudﬁ
édistribution o the shape of the 1ayers is particularly greaffin;
1e F-regiom where the lifetime of free electrons is measured in 
"hoﬁrs. The effect - E-region is smaller but is nevertheless

tﬁdught to be appreciable.

The large-scale distribution of ionization superlmposod by
}small scale irregularities of ionization seem to exlst at every
mleVel in the ionosphere. The basic properties to be measured
afe,their size and shape, intensity (i.e. fractional deviation of
electron density) and their specd.an? difection of motion.
Teghniques for measuring motion of ionospheric irregularities
aré_listed in the following table:-

Y i A e e g4 st acn Y et it v et e . -~
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' ’Technique Range

Methods for measuring bulk plasma

motion
:f(l) Thomson incoherent scatter B and F region
technique (90+450 km).
(i1) Rocket vapour release 80 km to the
technique (Barium cloud) apogee.

Techniques for measuring mothn of

irregularities
(1) Cclosely spaced receiver 7 60 &. 400 kmn,
(D1 me th od )
(ii) Radio star and satellite 100 - 500 km,
: scintillatio technique
(D meth od )
(111) HF and VHF radar scatter 60 -~ 500 lkm,

technique (Doppler shift)

1.4.1 Closely Spaced Receiver Technigue (D1 Method)

The pulse reflection method of Mitra (1949) generally

1uses é transmitter working at frequency of a few meghertz
,aﬁdvthree receivers arranged in a triangle about a wave length
fébart record the fluctﬁations in amplitude of the signal

Hfleoted from the imosphere. This fading is usually attributed
ifregularities situated near or somewhat below the height

1f reflection. By choosing appropriate radio frequencies it is

‘p0881ble to study the movement of irregularities in D, E and F
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11gyers. The time delay between similar fades of the different
receiver give the magnitude of drift velocity of the ground

dlffractlon pattern. This simple method is useful over a large

pattern of irregularities.

Simultancous observation of D, method with rocket technique,
meteor radar technique, backscatter radar and incdherent radar
echnlque has indicated that D1 method gives a reliable estimate
of average drift veloclty in the ionospheric D, B and F regions
:'(Kent and Wright 1968, ILysenko et al. 1972, Stubbs 1973,

| Felgate ot al. 1975, Oyinloye and Akinrimisi 1976, Wright et al.

1976, Crochet et al. 1977, Tabbagh et al. 1977, Vincent et al.

1977) .

Analysis of the fading record to obtain different parametersiéﬁ
the irregularities can be done by (i) using time delay method,

(1i) cross-correlation method and (iii) cross-spectral method.

1.4.2 Radio Star and Satellite Scintillatim Technigue

When high frequency radio waves are passed through the
ionospheric layers they are found to fluctuate rapidly in
amplitude. Such high freguency radio waves might be received
from radio stars or radio beacon satellites. It is believed
that variations in the electro density cause the variations
in phase across the wave front, these develop into diffraction

pattern containing both amplitude and phase variations by the
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'mé7that the wave reaches ground. Consequently, the intensity
the radiowave changes with time and space and scintillations

are produced.

,iIf the source 1s an artificial satellite then it can be
?hbwﬁ (James 1962) that velocity of the diffraction “pattemn
dn,ﬁhe‘ground and the changes within are related to the height
ﬁﬁickness of the regim of irregularities, provided the
, ogity and position of the satellite are accurately known,

tHGSe-parameters of the layer can be deduced.

 ‘Recently geostatimary satellites having modulated beacms
,atﬁdifferent frequencies covering high frequency (HF),'Very high
foééuency (VHF) end ultra-high frequency (UHF) are used to study
thé_séintillation and irregularities in the ionosphere. Using
Sﬁéced scintillation technique one can find different parametérs
kév#elooity, direction, size etc. of the irregularities. ‘
aulson and Hopkins (1973) used UHF for finding above mentimed
P&ﬁmhwsofﬂwiuwﬂmmiohw%mMﬂtms.Ikﬂwpmamtws

bbtained by this method have integrated effect of entire regim.
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CHAPTER - T1I

Y

DRIFT MEASUREMENTS AT AHMEDABAD DURING THE PERIOD 1970-7°

Tntroduction

The drift of lonization in the ionosphere_wasefirst noticed
'rect&ywbywﬂa%o&iffewandwPaWseym4{9%59wand Pawsey (1935 ) while

dying the amplitude fluctuation (fading) of radio echo returned

jrom the ionosphere. They concluded from the study of fading

%ecards at two spaced receivers, that the cause of fading was the

interference of radiowaves reflected from scattering centres/ig‘
1the ionosphere. Pawsey (1935) was also first to notice a
;ccnSistent time delay of record at two receivers. He attributed
1this to the horigzontal movement in ionosphere. The measurements of
5h0riz®ntal movements in the ionosphere by this technique were
;£st\made by Mitra (1949) and Krautkramer (1950). Mitra used
3pﬁleed transwitter at Vertical incidence and,reflected signaL‘iﬁ
.fluctuatlono were recorded at three spaced receivers 81tuated at
'the vertices of a triangle of sides 100 meters each. From the

ytlme shlfts be tween the maxima of similar fades the drlft speed

'Was determlned Radio stars and beacons from satellltes have also

been used as a source of radlo waves instead of u51ng grOund-

,ased pulse tranemltter.

:Drlfts have been measured for B and " reglons uslng Mltra s
Chnlque at a number of hlgh latltude stations since 1949 and

‘re rev1ewed by Brlggs and Spencer (1954) The measurement of
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aﬁd;F region drift at low latitude station Ahmedabad by Mitra's
éﬁhbd had-been carried out during different periods since 1956
;the'Physical Research Taboratory. The ecuipment consisted of a
gls;;jransmitter of.about.-1.5 KW-peak power operatedat 2.6 Mﬁz.y
eiVing aerials were situated at the corners of an isoceleS
f:angled triangle of sides equal to 120 metres along north-
/156uth and east-west directions and consisted of horizontal dipblés
| Qriented in north-south directions. A single receiver was uséd
thithe help of the electronic switeh to avoid any error due to
>ft$ in the receiving equipment. The records were taken on

@m photographic film moving at a speed of 100 cms per minute.

Regular Observations of BE-region drifts were taken at 2.6 Miz
‘tween September 1956to Feb. 1959, between November 1959 to
';11962 and between Nov. 1964 to Jan. 1967. The results of
,iégion for the period 1956-66 have been summarised by Rastggi
(1969). The drift speeds were found to be glightly greater ?.
fduring night than during daytime for any of the epochs. No
gﬁlilcant solar cycle variation of drift speed was noticed.
he:most probable directions of drift were either north~west
 t0wards south-east. During any epoch the probability of
Orfh;we st direction of drift for the daytime was maximum durlng
lnter and minimum during summer. Purther with the decresging
Olar ‘activity the direction for any of the seasons had

Progre331vely changed from the north-west to the south-east.
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Tﬁe solar diurnal component of the drift speed was generally
gfeater than the corresponding solar semidiurnal component except

during the winter and the equinoxes at the maximum sunspot years

1956-59.

When similar measurements were started at Thumba near the
;magnetic equator by Physical Research Iaboratory, a very consisten
picture emerged with drift direction towards west by day and towas
ast by night (Rastogi et al. 1966). The average day time drift
jpéed was found to be 132 m/sec for B-region and 161 m/sec for
,Féregion being much higher than by mid-latitude station (Deshpand
;et al. 1966). The elongation of irregularities in the P-region
at Thumba were found to be very high along the north-south
direction (Rastogl et al. 1968). It was suggested that
abnormally large value of the drift speed, comsistent westward
direction during the daytime and extreme elongation of the
irregularities are characteristics of the magnetic equatorigl
zone (Chandra and Rastogi, 1969). I+ has been shown that the
;déily, seasonal and latitudinal variations of drift near the

fmagnetic equatorial zone are associated with equatorial electrojet

kW(Chandra et al. 1971).

From the data collected at a number of locations and
Oberated during.IGY Kazimirozky (1962, 63) noted the systematic
Pattern of drift suggesting a kind of large scale circulatim

in the B-region with different pattern during winter and summer,
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1é,fdr F-region there was a single pattern with a large

ange over occurring between latitudes 20 and 30 degree in both
mispheres. However, the statioms at low-latitude were only a

ow and it was felt to operate a chain of drift statims at low

ﬁuaes_and its relationship to the Sq current sy stem.

 The observatios at Ahmedabad were restarted in October 19Z<

s?a:part,of a program to establish a chain of drift stations in

dla and map out the circulation pattem at low latitudes. The
‘uipment was modified slightly. It was felt to test the

flidity of the Mitra's method to detect the mov ements at E*regit
;’itude‘particularly in view of large scatter (large day to day
wriability in drift speed and direction). For this purpose
*mu;taneous measurements of the ionospheric B-region drift were
?iéd‘out by Mitra's method at Ahmedabad (geog. lat. 230N,
long. 72.6°E) and at Udaipur (geog. lat. 240N, long. 73.7°E)
Wiﬁh almost similar sets of equipments during 1973-75. The
resulfs of these two stations separated by 200 km showed very
00d similarity both on the average statistical basis as well as
Oh 1he individual days (Rastogli et al. 1978). On occasions,
Sﬁdden’ohanges occur in drif+t velocity almost at the same time
éﬁ~the_two places suggesting the presence of large scale
'mospheric~circulation pattern in the E-region of the ionospherc
gh degree of correlation in the data on individual days gives

:trong confidence in the appli mtion of spaced receiver technique
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t these latitudes. Targe scatter of drift direction at tropieal

atitudes station is suggested due to genuine variation in the
oosphere rather than in the method of ionospheric drift

casurement. Fig.2.1 shows the mass plot of the drift speed at

fAEmédabad and drift speed at Udaipur during 1973-74. Correlation
co-efficient is 0.75+ 0.03 and the Fig.2.2 shows mass plot of the
drift direction at Ahmedabad and drift direction at Udaipur,

indicating correlation coefficient 0.89+ 0.01.

2.2 Methods of Data Reduction

Pading records obtained by closely spaced receiver technique
are analysed to yieldkdrifts velocities and other characteristics
of the ground diffraction pattern. The analysis can be done using

the following three different approaches:-

(1) the time delay method
(2) the correlation method and

(3) the cross-spectral method

2.2.1 Time delay method

In this method the drifts of the ionospheric irregularities
ﬁare calculated using the time delays between similar fades
Obtained at three closely spaced receivers as explained in the

following paragrarhs.

Assuming that the diffraction pattern produced by the

lonospheric irregularities drifts across the ground with constant
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elocity and without any change in the for.. as it moves and that
thé diffraction 1 ttern on the ground is isometric in nature,

he diffraction pattern can be represented by contours of constan

round by means of contours of constant amplitudes Rys Bpy Rg

o s

- moving with uwniform speed V' in a direction which makes an

o

angle e with X~axis (Pig.2.3). Tet N, ¢ and E be the three

ecelving sites. As different contours pass over these sites the

jsignal strength at these sites will fluctuate with time. A
lmaximum of signal strength will be recorded at any aerial when a
cotour passes over‘the receilver tangentially. The locus of the
tangential points along the direction of drift is oalled the -
line of maximum amplitude (Ratcliffe, 1954) and it is shown in
1fig.2.3 by dotted line. TUnder the above assumptions, this line

would be a straight line, porpendicular to the direction of

movement.

Ine contours of constant amplitudes can be in the case of
maxims of amplitudes, replaced by the line of maximum amplitudé

and following relations can be written from the simple trigono-

Metrical considerations:-

If T, and Ty are the time lags between the similar Ffades

of aerials C and E and the aerials ¢ and N respectively then:

=g v (2.1)



s2.3 w Centours of constont gmplitudes of
Cdiffractica pattern on the ground.
i, § end ¥ are enienna positions.
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in ©

whe1¢ ;1O and?lo are the distances (R and ON,

z '
Writing V' :f%9~ and V' = :%9

x S y
we have
gos © _ 1 (2 3>
V’ VYX
Sﬁ @ - vl.—— (2.4)
Y
‘Hence S + —1~§ (2.5)
~ v 12 V2 v
X J
V!
and © = tan” | (f?) (2.6)
J
W
1t Go=My = a
. - (2.7)
v - 23 % ¥
(15, + Ty)z
1 T
and © = tan (-§X> (2.8)
X

The speed V' thus obtained is the speed with which ground
JQiffractian pattern moves and it must be divided by a factor of
 $WO %0 get the drift of irregularities of the ionization at the
level of reflection. These velocities are uncorrected for the
anisotropy and turbulence of diffraction pattern and are called
Pparent drift velocites (V'). The direction (8) is generally

leasured from north.
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2.2.2 Pull correlation method

In the correlation method of analysis, auto and cross-

:orrelation coefficients of the amplitude records are used thk

educe the apparent drift speed, the true drift speed, the

fdlrectlon of drift speed and the sige of the ground llffrnotlon

;pattern.

Briggs et\al. (1950} developed a method for separating
;éteady and random components of the drift. The term 'random
drift' means the rate at which the pattern changes its shape.
Iﬁ this method it was assumed that (i) the diffraction pattem
,is isotropic, (ii) the space and time variations are identical;
énd (i1i) drift speeds remain the same during the course of the
record. Briggs et al. (1950) have defined four velocities to

desceribe the movement of ground diffraction pattern in terms of

correlation coefficient.

2.2.2.1 Fading velocity Vé

This is the velocity with which diffraction pattern would
move in the absence of random changes to produce total observed
fading. 1In terms of the correlation function, it is the ratio

0f space shift to time shift that would produce the same change

i1 correlation.

If this time shift is T1 for the observation made at distance

'1 apart we have

T gt
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and V! = —g— , , (2.10)

where C% is.the correlation function. Vé depends on the

true drift vélocity as well as on the random changes of the

pattern for an isctropic pattern it is independent of directionf“

but will vary with direction if the pattern is anisotropiec.

2.2.2,2 True drift velocity V

V is the velocity of an observer who experiences slowest fad-
ing in the received signal. This is called steady drift speed
as whatever slow fading is now experienced is on account of the

random changes in the diffractim pattern.

—
e

If distance %1 is moved in the time T, by an observer

to experience the least fading then:

vV o= ZT/QH . | (2.11)

2.2.,2.3 Characteristic velocity Vc

This represents a measure of the random changes in the
pattern. v, is the value of V. found by an observer moving with
iVelocity V. By definatim v, is the ratio space shift to time
shift need to produce same change in R (amplitude of the

 reflected wave):
l.e. V, = ‘70/’1‘1 (2.12)

wherg)(z7o,0) = QS( 0, T1) (2.13)




36l

2.2.2.4 Apparent clfif;-“f“ velocity V—--."

This is the velocity of the diffraction pattemn experienced

fixed receiver on the whole, without taking into account

y iéndbm changes in the pattern. If 7”0 is the tlme delay

ithe cross- correlatlon peak between two receivers at X = O

x= ‘SO
‘Then v ;E,O/TO (2.14)

‘ Briggs et al. (1950) have shown that for an isotropic

T = v 4 VP (2.15)

R = (2.16)

Hence V! =V (1 + Y_g)z (2.17)
- \ |
Thus V',V and the contribution +o random variation within

> Pattern is equivalent to (Vi/V), which has a direction same

S*that'of vV, as Vi has no particular direction.

2.2.3% Groés?spectral\Analysis

Glven finite amplitude records X(t), Y(t) and Z(t) for the
Jee closely spaocd receivers of the D1 meth od, the Cross-—

pectral analys1s involves following step& -
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(1) Calculation of co-variance functions

(2) Correction of co-variance function for the means and
trends

(3) Calculation of 'raw' spectral estimates

(4) smoothing to give the final spectral estimates

(5) Computation of estimated gain and phase of frequency
response function

(6) Calculation of velocity and direction from the phase
differences.

The three fading records are read at particular interval of
 ime t=h, say, so0 that the corresponding "Nyguist frequency" 1is
- h/2. Goodman et al. (1961) have shown that t should not be
:chosen so small that the whole spectral weight is crowded down
fto the bottom of me or two points. PFurther to minimise
distortion due to aliasing, h must be small enough to0 ensure

that the cotinuous data have no appreciable power above f_.

The cross-spectral estimates at a given frequency 'f' are
given by:
Sjk(f) = Cjk(f> - ink(f) (2.18)

and the phase P(f) = (£)/0 (£) (2.19)

-ij
Phase difference can be converted into time shift as

Tjk = ij/zr/f o (2.20)

Any pair of time shifts for one spectral frequency may be

:'uSed to calculate velocity and direction similar to simple

 Mitra's method (1949).
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In a plane, wave-numbers add vagtorially, so that the wave

otlon which has a velocity V = 277€/K. If Xip and X,z are at

1ght angles to each other this simplifies to:

2 2 - %
P P
‘ 12 13
2 f (m_,__ L { (2.21)
L Lq2 X132

and the angle @ with respect to Xip given by

P, X

, ~1 12 13

B = ten < = . ) (2.22)
A2 i3

4

Y should be divided by factor of two in order to get the

ve1001ty Of 1onization in the ionosphere.

1;2,3 Experimental Set-up

The experimental set up used at Ahmedabad for ionospheric
drift measurements was the spaced receiver method (Mitra 1949).
fIn this method radio pulses at a fixed frequency are transmitted
Vertically upwards and reflected echoes recorded at different

'antennae with suitable separation..

The experimental set-up consists of (1) aerial system (2)

,transm&ttlng it and (3) receiving and recording units.
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.2.3.1 Aerial System

The transmitting aerials were half-wave centerfed dipoles

designed for the operation at 2,45 MHz. The receiving aerials Weré{

yélf—wave centerfed dipoles designed for 2.45 MHz and were
ented in the north-south and east-west direction. The aerials

re separated by a distance of 120 meters alag E-W and N-S

 2.3.2 Tronsmitting Unit

~ The transmitter comsists of a pulse generator, a pulse
,mbdulator, an oscillator and a power amplifier. Pulse width

1s 100 to 300//41860- A schematic block diagram of the transmitter

is shown in the Fig.2.4. The details of the transmitter are as
follows:-
Peak power output = 3 Xw

100 - 300 4 sec.

Pulse repitition frequency = 50 Hz

Pulse duration

i

Output impedance = 600 chms

‘Operating frequency = 2.45 MHz.

2.3.3% Receiving and Recording Unit

The receiving and recording unit incorporates an agepembly of:-

(1) Receiver
(2) Triggering unit

(3) Delayed pulse generator
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(4) Switching circuit and step wave generator
(5) sweep circui ts
(6) Display units

(7)) camera unit and time marker

A schematic block diagram of the recelving unit is shown

iﬁ Fig.2.5. The pulses returned from the imosphere are receiVed
at three spaced antennae and are brought to the receiving and
*fecording wmit by means of R.F. cables of 75 chms impedance.

The pulses from each of the three antennae are fed in sequence

to the receiver through an electronic switch operating at 501“}
fhe output of the receiver is applied to the vertical deflectign
ffplates of the monitor cathode ray tube and to the horizontal

',deflection plates of the recording cathode ray tube.

Delayed pulss generator 1 and .2 produces D.C. pulse delayed
by fixed time with respect to the start of the transmitted pulse.
 ne of this is used to synchronise the electronic switch so that
change over from oneantenna to another takes place midway in the
'elnterval between uWO consecutlve transmltted puISes The ot@er \
’ pulse 1s used as e.gato pulse to select the des1red echo _a; :_”ﬁ
. pulse is applled to the grld of recordlng cathode ray tube ;?
’generally beyond cut off S0 that the spot appears on ﬁhe sc;een
‘-Honly durlng the presence of the gate pulse A part of sqme pulse

“is fed to the Y plates of the mcnltor tube for v:Lsual adJustment

of the p081t10n of tbe gate pulee.ﬁ The fadlng of the echo at
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three antennac which is‘dl«olayed on - the - 1“celv1ng cathod ray

ub e is,photografhed on 35 mm fllm moving at a speed of 5 gma/mlgﬂ\

Characteristics of the recelver are given below:-

(1) RF frequencies - = Tunable from 2 MHz o 6 "W

(ii) Noise figure = 3 dB maximum
- (i1i) Band width (IP) = 3 kiz
(1v) Manual gain control = Sufficient to adjust from

input variation over the
range of 1.0 micro-volt to.

1.0 m1li~volt.

(v) Overall receiver gain = 100 dB
(vi)-TIong term gain variation = + 3 dB maximum
(vii) RF input impedance = 75 dhms
(viii) OQutput impedance = 10000 ohms maximum,

2.4 Results

Houvrly sohegsrvation. werw ocnducted’ﬁrpm 0800 hr IT (750 EMT)

to 1600 hrs LT during 1970-75. Some of the fading records were

sanaly51s to dctermlne apparent drift velocity (V'), true veloc1ty
(v), charaoterlstlc velocity (V ), apparent drift direction (),
ax1al ratio and. maJor and mlnor axls of the characteristics

ellipse,

:Seleoted from the data collected during 1971 for full correlatlm“,'
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The apparent drift velocity determined by similar fade

method (V_) for the same records were compared with the gpparent

drift velocity determined using full correlatiom analysis method

Fig.2.6). It is clear from the plot that there

is no significant
change in the drift velocity measured by elther of the methods.

Hénce it can be said that at these latitude anlsotropy corrections

for irregularities are not significant. Fig.2.7 shows the plot

bf apparent drift directions determined by the similar fade

method (p) and full correlation analysis. The directions

obtained by either of the methods are similar. Hence it is

concluded that the similar fade method can be used to calculate

_apparent velocity and direction. This saves laborious computa-

tiome involved in the cfull-correlation method.

Fi1g.2.8 shows mass plot of apparent drift velocity (V,)
determ1med by similar method and true velocity (V) by full

correlatim analysis. Fig.2.9 shows the histogram of the ratio

\Of the apparent drift velocity (V,) to true velocity (V). The

«medlan value of the ratio turns out to be 1.9. Hence the apparent

drift velocity on the average is nearly double of the true

vvelocity.

For a detailed study all the records were analysed by the

Mitra's similar fade method as this is the quickest method to

 reduce data from such records and the drift velocity calculated

from full correlation methdd is not much different. The time
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shifts between pairs of aerials were fed to IBM-360 computer to
3¢ompute mean time delays and then coverted into different

velocity components. For secasonal compari sons, the following

mcmxhsuhavembeenwgroupedmt05ether:-

(1) Winter -~ This consists of the months of Nov. and Deec.

of a year and Jan. and Feb. of the following year.

(ii) Bguinoxes - This consists of the months of March, April,

ept. and Oct. of g year.

(iii) Summer - The months of May to August of a year are

included in this group.

2.4.1 Annual variation of drift speed and drift direction

The annual mean histogram of the Percentage occurrence of

drift direction for the period 0800-1600 hrs local time (750EMT)

for the year 1974 is shown in Pig. 2.10. There is no single

drift direction at this latitude, although two broad peaks are

evident at SE(south-east) and SW(south-west).

Results of drift direction during all ssasons during 1970-75
are shown in Fig.2.11 as polar histograms of percentage occurrence.

.ﬁDuring winter, predominent direction is towards south-west

eXcept for the year 1971-72 when it is predominantly towards

HBorth-west. During equinoxes the directiom is unif ormly

distributed with waj or peaks towards south-west and south-east

Xcept for»thé'year 1972 when major peaks are towards north-west
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 AHMEDABAD  E -REGION DAY TIME
WINTER EQUINOXES .  SUMMER

~-72

3'18.2 1 - Polar istagmma’ of parcmtage occurrence

of the drift direction (E-region day time)

at Ahmedabed during each seasom in the

period 1970»75.

i
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AHMEDABAD  E~REGION
1970-75

1'18.2 12 - Mmthly mean hi stograms of permmtage
oceurrence of the X-region drift directim
at Ahmedabad for each of the months averaged
over the period 1970-T5.
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aﬁd,north—east. During summer the direction is mainly towards

north-east, east or south-east.

Separate monthly histograms of drift direction averaged:over

eifive.yéar period (1970-75) are shown in Fig.2.12. The drift

'difection is mainly towards west during January with nearly

'equal peaks along N-W (north-west) and S-W (south-west) directions,
Tﬁé occurrence Oof eastward direction is very small., The eastward
'§omponent increases progressively as seen from the histograms

fér subsequent months February, March ete., until June when

almost all occurrences are towards east. From July onwards

the percentage occurrence towards west increases till November
When again westward direotion is the dominant one. The transition
pfvﬁhe zonal component is seen during March-April and then during
 S§ptember and October. Thus the consistent pattern which emerges
J from the histograms is that the drift direction has primarily
i westward component during winter, eastward component during
}‘summer. The transition in drift directions is observed during
' équiﬁoXes. Another featuré is that purely zonal or purely
~ mefidional drift is generally not cbserved at Ahmedabad except
"dﬁring summer when drifts towards the east are present

Significantly.

Fig.2.13 shows the year to year annual histogram of drift
Speed for the period 1970-75 alongwith mean, median and

number of counts.
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Distribution of drift speed during each season in this period
s shown in Tig.2.14. Drift speeds are mos tly ranging from 20
0 120 m/sec with most probable values lyiﬁg in the range 40-80

‘”ééc. There is not much difference in the mean or median values

om one year t0 another year or from one seasm to another sSeason,

ever, the values during summer are in general little lower than

n other two seasms.

2.4.2 Daily variation of drift speed

To study the variations of the drift speed with the time of
(ﬂaYr seasmal mean values of the apparent drift speed and its

astward (V'E_W) and northward (V'N_s) components have been

lotted in Fig.2.15 for different seasoms averaged over the

fﬁire five year period (1970-75).

Referring to the dally variation of the apparent drift speed
there is not much variation with the time of day. The drift speed
raries between 60 and 70 m/sec during winter and equinoxes and

-8 constant around 60 m/sec during summer.

Referring to the daily variation of the north-south
lbomponent it is towards south throughout the daytime during winter
and equinoxes. During summer, it is southward in the morning

and evenlng hours and northward around noon hours.

A distinct change in the daily variation pattern with season
S noticed in case of zonal component. T+t is westward during

inter with mean values in the range 10-25 w/sec while during
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uinoxes 1t is eastward before noon and westward in the afternom.

uring summer it is eastward with magnitude around 20 m/sec for

st of the time. This pattermn is seen repeating each year and

in accordance with the atmospheric circulation pattern shown

“";Kazimiroskiy (1962 1963),  fThis is shown in_the. Tigs. 216,

.17 and 2.18, where the daily variation curves for each

nleldual seas are shown for apparent drift Speed, eastward

nd northward components. There is not much change in the nature

any of these parameters from one year to another except for the

Jyear 1971-72 when northward component is mainly towards north

uring winter.

To study the seasonal changes in the zonal and meridional

omponents of the drift speed in more detail, we have computed

mean dally varlatlon curves for each of the months averaged overrw

f;Ve‘year pexﬂod. The dally varlatlone of the zonal component

forﬁeach months are ehown in. “1g 2 19 As seen from Flg.Z 19

months of Jan and Peb Durlng the month of March zonal

EStWard component In the afternoon hours the zonal component

stlll westward Durlng Aprll zonal component has changed

Oweastward except 1n ‘the late evenlng hours Durlng be and June

t ls eaotward throughout the day Thus the tran31tlon ocourred

Urlng March—Aprll Period. The eastward component is little




L o | N - Gl-olsl
. waw,hno Xeaf yose J0J swonwes FWISIITP J0J peade chEe T
$F1IP JueaBdde oyj I0F SeAIND WOTIBLIEA Lrvep uwesl ~ gL*Z Sty

1W3 Su unow

81 2 s u 9 K. 9 2 -9 2 e -
. T ~ T ) T T oy ,‘

“TPANNY

HIWWNS

S3IXONINDO3

»
3
>
m .
-2
b=
]
-«
-~
v
v
(3]
m
S -
A‘
-3
£
™~
7

H3LNIM

Si-vi6l  yi-gi61 £L-2261 el i-ozer

L AVQ  NOI9¥-3 QVAVOINHY




‘ .E...os.. Sﬁ& o waﬁ%
i Y o noao no« S\WDeBes JWOISIILP J0J pesds L JEIP
vmcu&ﬁ.u prem) sea .BH BAMO UDTYIVIIRA hﬂﬁav uSely -~ h«.m.m#w

1W3 SL HNOH

Y3IWWNS

SIXONINDI

HILINIM

Si-vlel . vr€l61 €-u6L T 2i- 161 iZ-oz61
. e o«m«auz_& .

'S/W NI 033¢S L4MQ LN3UVACY QUYMLSY3




. : . c A *Gl-olst
PopIad ey} JOJ SWBESE JUSIEIITP JOJ peeds §FTIP | -
jusredde PIBMRJIOU JOJ BOAIND WYIBLIeA L7T8D USSR - glL°2*Fd

. 1TW3. S. 8NOH
8t 21 20 2 90 2i 30 2 30 21 90
T . I 1 1 T o ! |
.4
O
o F O : 1 L 4 4 402-%
n - \ -t - 4 -l / ) \vL > —d M
= /- , A AN B N o B
m - . . i r\/\\ YNTYY 2
o+ ~ - : L ~ - ©
SR S - Hoz 3

0 L .

. B b
m s -~ oz-3
o Z
< 7 / T ] =
nNu4 . ><> ;& 0 o
2 1 'V A \ 1 3
&
) N = 40z
W
. B v
£ VIVQ ON o 0z-m
N 4 -~ B | —_
m P o =
) - w "

o o j e nw 3
oz




AHMEDABAD E- REGION. -
1970-75

EASTWARD APPARENT DRIFT SPEED IN M/S

HOUR 75 EMT

Pig.2.19 « Mesn daily variation’ curves for the
eastward compoment at Ahmedabad (E-region)
for each of the months averaged over the
periOd 1970""75. .
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akened during July and in August it has changed to westward

in the late evening, it being eastward at other times. During
gept. it is westward except in the morning hours while during
Oct. it is westward throughout the day and it remains westward

during Nov. and Dec. Thus transition from eastward in summer

to westward in winter occurs during Sept. These results are again“
in conformity with the IGY studies of Kazimiroskiy (1962, 1963),

who obtained instability in drift direction during equinoxes.

Month to month daily variations of meridional component
éﬁefaged over the five year period are shown in Fig.2.20. It is
séﬁthward during the forenoon hours for the month of Jan. and
nearly absent in the afternoon hours. There is a progressive
increase in the magnitude of this equatorward flow as shown in
the curves for the months of Feb, Mar. and April - these curves
rshow southward component throughout daytime. Decrease in the

- southward component is noticed for the month of May and complete
;change over to northward component is noticed in the month of
ane. July is again a transition period with low values, north-
Wéfd in the noon hours and southward at other hours. Complete
change to southward flow is evident for the month of August and
large magnitude throughout the day is noticed in Sept. The
5magnitude decreases gradually for the months of Oct. and Nov.
Thus large equatorward flow is noticed during Mar-Apr. and then

Sept. while poleward flow is noticed during June.
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2.4.3 Seasonal variation of the midday drift velocity

To study the seasonal variation of the apparent drift speed
d its coipoments, monthly mean midday values averaged over the

ive years period have been computed and shown in Fig.2.21. The

iseasonal variation-of-apparent-drift-spesd at noon sHows a

semi-annual variation with equinoctial maxima. The totgl range

ln the variation is from about 50 m/sec in June to about 7O n/sec

urlng Feb. and March.

. The seasonal variation of the zonal component 15 cfvound 20" q{s
toward west during winter and around 20 n/sec eastward during

summer.  The meridional component shows semi-annual varigtim

with values of 20-30 m/sec southward during equinoxes and about

20 m/sec northward during summer.

2.4.4 Solar cycle variation

This long series of dats (1970~75) as well as data for the

'erlOds 1956-59 anl 1964-67 are used to study the solar cycle

arlatlon of E-region drifts. 7To study the solar cycle variation

Eérly mean sunspot number (R ). This is shown in Pig.2.22. It

S Obvious that variation in the drift speed is remarkable. The

}fand 63 m/sec corresponds to R, 80, sensitivity being 2.8 x 10“3n_

. The gensitivity is little higher than at equator. The comparison

Of the sensitivity at different latitudes is shown in the next

:hapter (Fig.3.1).
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AHMEDABAD  E-REGION
1970 ~ 75 (12 Hrs)

70/"‘\

~ APPARENT ORIFT SPEED IN M/S

J FMAMUJ J AS O ND

5313.2«.21_ ~ Month- to month variation of midday values
of the apparent drift'speed V!"hang %t; g
component VYV and V at Ahmedadba

(E-regin) aVakaged oviiSthe period 1970-75.
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2.4.5 Magnetic activity effects in the B-region drifts

Here an attempt is made to find out magnetic activity effects

in the drifts. uidday (1100-1300 hrs IT) values of apparent

fdrift speed in the entire period of five years (1970-75) have

een grouped and plotted against valles of geomagnetic K, index
‘(Fig.2.23). The number of observations have been marked at every
;pbinf. The bars indicate the standard error in the mean values.

A slight decrease is noticed in the mean drift speed at high Kp

index values. The total drop is from 59 m/sec for K. = 0 to 51

p
e O K '—'6a

These results confirm the earlier findings by Kaushika (1969)
who also reported similar decrease from the daytime observations
dﬁring:the period 1965-66. Significant decrease of E- and F¥
;eéion drift speeds have been reported gt equatorial stations,
;*?iz. at Thumba (Rastogi et al. 1971), Tiruchirapalli (Vyas et al.
1978) and at Ibadan (Skinner et al. 1963). Slight increase in the
E—region drift gpeed at Waltalr during IGY (Rao 1969), however is 1-
in contradiction to all these observations and needs further
examination from large set of data. Drift speeds are known to
lncrease significantly at high latitudes with increase Of

@agnetic activity (Briggs and Spencer, 1954 ),

2.4.6 Interplanetary magnetic field effects in the B-region

There is enough evidence now that the interplanetary magnetic

field (IMF) does influence the electric fields at low latitudes



AHMEDABAD 1970~75 E-REGION
: : =13 hr

DRIFT SPEED M/S

#ig.2,23 « Variation of the mean midday (1100-1300 hrs I
, - drift speed with Kp for iomospheric B-region =
over Ahmedabad during the period 1970-75,
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Matsushita and Balsley 1972, Rastogi and Chandra 1974, Vyas and
;handra 1979, Matsushita 1977, Galperin et al., 1978). There..

ve been observed effe~ts in the geomagnetic field variatioms:
-@iddle and low latitudes also (Matsushita 1977). Vyas et al.
981) have examined in detail the relationship between the. Be
and B, components of IMP with the horizontal B and F region

'rifts at an equatorial station Tifuchirapalli. Recently

 thilesh et al. (1981) have studied IMF with horizontal E region
rift at Udaipur (dip 36°N) end Ahmedabad. They have noticed
ecrease in the ecastward drift with the increase in B, component.
0 investigate the effects of the IMF parameters in the B-region
ifts at low latitudes away from equator an attempt is made to
xamine the good series of ionospheric E~region drift data at
Ahmedabad for the period 1970-75 and correspondlng B, and By
’}alues Since electric fields will be prlmarlly responsible |

for the m-W movement of the irregularities only this component

is studied. Midday (11-13 hr IT) values of the eastward component
:Of dfift have been grouped according to the B, or B, value and

o v y
the mean drift component has been plotted as a function of B. or

| | , y
 These are shown in Fig.2.24.
. The mean eastward d”ift component of the velocity decreases
llnearly with the northward component of IMP, being 20 m/sec for
B 7 Value Of -9y ana about -20 m/sec for B, value of 9 \ This

result is consistent with the OboGrVPd effect noted at the

qmﬁmnﬂ.gmMﬁm3M?%MMa(mwt%lamimmmka1w4)wm
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iruchirapalli (Vyas and Chandra 1979) and at low 1

Mithiloesh ot al. 198i),

atitudes
The rate of variation per N’ however

sysmaIWer than those noted for equatorigl stations. The

ariation-of the mean eastward component of the velocity wi th B

component is also linegr. However, it shows an increase in the

castward velocity with increasing By component of IMR, The mean

eastward component being about -20 /s for B

y value of -9}f

’d;about 20 n/s for b value of 97 This variation is opposite

¥y
 the varlatlon Observed in the equatorial region (

Vyas and
@kmdra 1979).

These results give evidence to the IMF effects at

ow'latltudeo and further studies are needed to examine the

orrelation between the drifts and other ionospheric parameters

ith IMF fluctuations. Of more relevance would be to find the

ffects at different latitudes so that clear Picture emerges :bout

;the Possible physical mechanisms for the coupling between

”magnetosphere and ionosphere at low 1sa atitudes.

\‘2.4.7 Lunar tides in the E-region drifts

Lunar tides in the ionospheric drifts have been studied at

bnly a few stations, viz., Cambridge (Phillips 1952), Ottawa

(Chapmaa 1953), Waltair (Ramanna and Rao 1962), Thumba (Misrs 1973,

One basic difficulty in Obtaining lunar tidal oscillations is that

the Magnitude of lunar tidal oscillations is very small and

therefore an extensive set of data is required for dbtaining

lgnificant results. The long series of daytime drift speed
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ata (1970-75) has been used to study lunar tides.

Nidday (1100-1300 hr IT) values of apparent drift speed over

he entire period have been grouped into three seasons, winter

1d summer (May to Aug.). Data on magnetically disturbed days

e been excluded. The drift speeds in each seasm are

grouped écaording to the lunar age\u at local noom and mean drift
speeds at each lunar age computed. Plots of the mean drift speeds
with lunar age )/ at local noon for different seasons are shown
in'Fig.2.25 where the curves for the lunar age of 12Ato 23 for
dépicting the lunar semimonthly tides. The lines drawn are the

first harmonic values.

Amplitude of about 3 m/sec ie noted during each of the
” gson, the maximum occurring at about 05 lunar age for winter
and equinoxes and at about 07 lunar age for summer. Misra (1973)
k’éd noted semimonthly oscillations in the E-region drifts at
;fhumba with awmplitudes ranging from 6 m/sec to 9 m/sec with
Maximum around 04 lunar age. ILunar tidal studies in the geomag-
netic H component at equatorial latitudes show similar maximum
around 0300-0400 hr lunar age (Rastogi 1963,1965). The phases

_ f’the lunar semi-wmonthly oscillations at Thumba and Ahmedabad
}<eXcept sumier) occur at nearly same lunar age. Iunar barometric
ressure oscillations at ground reported (Chapman and Westfold

1956 ) show nearly similar phase values for latitudes from

Trivandrum to Tokyo.
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2.4.8 Drifts at times of sporadic E

Based on the ionosmde observations at Ahmedabad. we have

separated drift speeds during E and Es layer reflections. A

plot of eastward component of drift during winter and summer
is shown in Fig.2.26. The average hourly values of the eastward
drift vary between 20 m/seo:and 40 m/sec directed towards west

for B layer during the winter. However, the values for Es layer

vary between O and 20 w/sec directed towards west. Thus on an
average the drifts in the Ts layer are about 25 m/sec less than

those in the B layer. During summer the eastward component for

E layer echoes varies between O and 20 m/sec; directed towards
;eaSt. For Bs echoes the values vary between 20 m/sec and 30 m/sec
idirected towards east. Thus therec is again a change upto 20 m/sec
in the average hourly values of eastward compoment. Thus if is
cnmcluded that the zongl component is clearly towards eastward
whereever Bs layer is present. This implies that an eastward

drift is more favouragble for the generation of Bs.
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Mg.2.26 ~ Average daily variation of the eastward drift
: shom separately for S-layer echoes and ¥®s
echoes recorded at Ahmedabad for winter and
summer sSeasons, ‘ .
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CHAPTER - IT1I

E-REGLON DRIFTS AT OTHER LATITUDES = GIRCULATI ON PATTERN

/%1,}1ntroduction

The theoretical and experimental study of motions in the
ienoephere'has wide scope fof further investigationé. The
érameters of the velocity field of neutral macroscopie motiqns
eﬁh for the neutral and ionized component of the ionospheric
pieéma turned out to be necessary for construecting the upper
ﬁ@oSphere models for investigating the physjcal nature
bf?inferaction of different ionospheric lajeréﬁand'501ving the
blied problems. The view point adopted in'fhéififst decades‘of
ienoepheric studies, that upper atmosphere ié'ﬁeteorologieallyi
Quiet region, turned out to be erroneous. The development offeFQ‘
?Xperimentel methods of measurements of ionospheric motions made"
if bossible to lay down the foundations of the ibnospheric

meteorology The theoretical pictures of the dynamical region

of the upper atmosphere have until now suffered from over
Simplification and unrealistic assumptions. Tor this reason,
berimental data is the basis for our considerations of the
prbblem s0 far. The complexity of the ionospherie irregularities
éﬁd the strong changeability of dynamical regime have all made
oubtful the presence of regular atmospheris motions at ionospheric
;éVelS. It was necessary to organise the measurements of ionos-

eheriquOtiOﬂS by the world-wide network of stations using
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common program and similar methods. Methodological experiments
re needed to reveal whether the most utilised and comparatively
simple methods of measurcments of ionospheric motions - the

‘called method of closely spaced recelvers or D1 method - were

ysically representatlve, a global data smthesis was needed to
oVekthe presence of a certain motion system in the E and »
regions of the icnosphere t0 reveal space-time variations of the

revailing winds and drifts as well as of the basic tidal

components.

The horizontal drift measurements in the ionosphere have been
reported earlier at high latitudes (Brlggs and Spencer 1954) and
’tfequatorlal latitudes (Skinner et al. 1963, Deshpande and
_asmogi 1966, 'Chandra 1977, Vyas and Chandra 1979). Systematic
ttern of drlft is emerged out at the equator, the drlfts belng
estward durlng daytlme and eastward dUrlng nlghttlme for all
the seasuns. E-region drifts at a low latltude statlon such aed.
Ahmedabad are found to be hldhly eeascnal dependent belng
estward durlng w1nter and eastward durlng summer-w1th a change
ver durlng equinoxes. Therefore 1t was felt necessary to ‘
nYeetigate‘the,glObgl ciroulation patﬁero inhthe ionospheric
-PEglqa.v Henoe it was de01ded to-examlnevdrlft data at a few‘
fé}statlone at dlfferent latltudes. For thls drlft data
Yamagawa (dip 43°N) for 1964 published by Science Council of

apan and at Siblzmlr (dlp 72°N)Af0r the period 1970475 Dublishédu
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“éédemy of Sciences, USSR are,énalysed. The results separately
tained for both stations have been published. Reprint&preprint
é att ched at the end of this chapter for details. The inter#i
mparison of these results was done with the results at Ahmedabad

ip,349N),Thumbaw(dipwO.6QS)Wand«Tiruchirapalliw(dipw418an),”,;W

1Circulation Pattern

’A comparative study of the E-region drifts at Ahmedabad,
mggawa and Sibizmir showed zonal flow westward during winter
_diéastward during summer. At the equatorial stations Thumba
?dfTirudhirapalli the drifts have been reported westward during
5y and eastward during night for all seasms (Deshpande and

astogl 1966, Chandra 1977, Vyas and Chandra 1979). But there is

éﬁmmer (Vyas et al, 1978). Thus circulatim pattern is of a gldﬁa?

Solar activity dependenﬁaof drifts at equatorial, low and high
latitudes '

. Fig.3.1 shows dependence of drift speed on solar activity.
The Mean drift speeds at Thumba, Ahmedabad and Slblzmlr are
found to decrease with the increased solar activity. Possible

reasqn for this may be higher im neutral collisions during

ériods of high solar activity. Iinear regression of R, and

7rlft showed increase in sensitivity with the increase of

atltude.
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Fig.3.1 - Variation of drift speed with respect
to sunspot number Rz at Thumbs (dip 0,608},
Ahmedabad {dip 340N) and Sibizmir (dip 720W).
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4 Magnetic activity and Grifts at differ.nt latitudes

A systematic change is observed in the magnetic activity

ffects in mean drift speeds. Drift speed increases with the

ncrease of magnetic activity at high latitudes and decreases at
the equator with a change over at about 400dip, This is
onsistent with the electric field of magnetospheric origin

which is Oopposite to the Sq field at equator but in phase at

he high latitudes.

3.5 Iwnar tidal effects in drifts at different latitudes

Lunar tidal effects in drift at all stations showed primarily

semlmonthly O0scillations. The phase of semi-monthly oscillatios

13 almost same at all stations. There is increase in the amplitude

of lunar semimonthly oscillation in the equatorial region. Fig.3.g

shows amplitude of the seml-monthly oscill ation as a function

i_Of dip (the amplitude of Yamagawa is excluded as it is derived

monthly oscillation in temperature at equator and

cmstant phase at all latitudes for 80 km altitude (Schlapp 1981).
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Tonospheric L-region drifts at Yamagawa are studied from the published
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Tonospheric E-region drifts at Yamagawa are studied from the published
results for the year 1964. The drift pattern is highly seasonally dependent
and similar to that reported for tropical latitude stations of Ahmedabad
and Udaipur. Small changes due to lunar effects have been noted to occur.

1. Introduction

Horizontal drift measurements in ionosphere by MiTrA’s (1949) spaced
receiver technique have been studied in detail at high latitudes (BriGGs and
SPENCER, 1954) as well as at equatorial latitudes (SKINNER er al., 1963;
RasToGI ef al., 1972). Detailed investigations at tropical latitudes have been
rather limited. From an extensive series of observations at Ahmedabad
during the period 1970-1975 it was reported that there is a consistent pattern
in the FE-region drifts which is highly seasonally dependent with a drift
towards west during winter and towards east during summer, the changeover
occurring during the equinoxes (CHANDRA et al., 1977, PATEL et al., 1978).
A comparative study of the ijonospheric E-region drifts from simultaneous
measurements at two close stations at tropical latitudes viz. Ahmedabad (dip
34°N) and Udaipur (dip 36°N) separated by about 200 km has shown a
remarkable agreement which suggests a large scale circulation pattern at E-
region heights (Rastocr et al., 1978). To investigate further the ionospheric
E-region drift system it was decided to examine data at a few more stations
at different latitudes. The published drift results at Yamagawa (dip 43°N)
for the year 1964 (Science COUNCIL oF JAPAN, 1966) were looked into with
this view and the broad features are reported in this paper. Measurements
for the daytime hours 0600 to 1800 hr LT) only are considered and three
seasons namely winter (Nov. to Feb.), equinoxes (Mar., Apr., Sept., and
Oct.) and summer (May to Aug.) have been separated out.

2. Results
Entire data have been grouped into different seasons and histograms of

129
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the percentage occurrence of drift direction for each season as well as for

the complete year are shown in Fig. 1. The predominant direction is towards

south-west during winter and towards east during equinoxes and summer,

Thus the zonal component is mainly towards west during winter and mainly
YAMAGAWA 1964

DAY-TIME—E~REGION
N

-

WINTER

EQUINOXES
—ee | E

SUMMER

AHUAL Fig. 1. Histograms of percentage occurrence of
the drift direction at Yamagawa for each
season as well as for the complete year 1964.

YAMAGAWA DRIFT 1964

DAY TIME
WINTER COUNT =303
40 = MED = 7TTM/S

- MEAN =82 M/S
20 -

0 L -
40 |_EQUINOXES COUNT =36
B MED= 66 M/S
MEAN =71 M/S

SUMMER COUNT =480
— MED = 58 M/S
MEAN=62 M/S

PERCENTAGE OCCURRENCE

40 ._ANNU/\L COUMT =1144
MED = 66 M/S
MEAN =70 M/S

Fig. 2. Histograms of percentage occurrence of
) the drift speed at Yamagawa for each season
00 as well as for the complete year 1964.

SPEED M/S
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. towards east during equinoxes and summer. Meridional component is mainly
towards south during each of the seasons. GRoVEs (1969) has constructed
a model to represent the wind profiles at different latitudes and at different
; altitudes derived from the rocket measurements and a few meteor wind mea-
—.surements.... The. features.noted here agree closely with_those_contained in
GRrOVES’s model.

Similar histograms for the drift speed are shown in Fig. 2. The number
of observations, mean and median values are also shown in the figure. Drift
speeds range from 20 m/s to 160 m/s during winter, 20 m/s to 140 m/s during
equinoxes, and 20m/s to 120 m/s during summer. The median values are
77m/s, 66 m/s, and 58 m/s for the seasons winter, equinoxes and summer,
respectively, These results are very similar to the FE-region results at
Ahmedabad during periods of similar sunspot activity viz. 1965-1966 (RAsTOGI,
1969) and during 1973-1974 (PATEL et al., 1978).

3. Daily Variations of the Drift Speed

To study daily variations of drift parameters hourly mean values of the
apparent drift speed 1’ as well as eastward (V’'y_y) and northward (V')
components for each season and for whole of the year have been computed
and are plotted in Fig. 3. The daily variations of the eastward component
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Fig. 3. Mean daily variation of the eastward drift speed (F/g.w), northward drift
speed (F’/n.s) and the apparent drift speed (¥/) at Yamagawa for each season
as well as for the complete year 1964.
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Fig. 4. Mean daily variation of eastward component of drift speed at Yamagawa
for each month of the year 1964.
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for each month of the year 1964.
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are towards west during the winter (except in the morning hours) and towards
east during the summer (except around noon) and the equinoxes. The north-
ward component is towards south throughout the day during winter but
during equinoxes and summer it is southward before noon and changes to
northward in the afternoon hours. The minimum of the apparent drift speed
is around noon during winter and equinoxes and fairly constant values are
observed during summer season. The trend of these variations during winter
and summer agrees very well with earlier IGY results at Yamagawa (SHIMAZAKI,
1959). Month to month changes in the daily variation pattern of the east-
ward and northward component can be clearly seen in Figs. 4 and 5 which
show the mean daijly variations for each month. ‘

4. Seasonal Variation of the Noon Drift Speed

To study the seasonal variation of the midday drift pattern the monthly
mean values of the eastward and northward components for noon (1100~
1300 hr LT) have been plotted for each month (Fig. 6). There is an annual
variation of the eastward component with the drift being westward during
winter months and eastward during summer. The change over occurs during
Feb.-March and September. Comparing these with the similar results ob-
tained for Ahmedabad (PATEL et al., 1978) there is very good similarity in
the seasonal variation of E-W component at the two latitudes. The seasonal
variation of the midday northward component is not very consistent but
shows southward drift throughout the year.

YAMAGAWA 1964
E REGION 11-13 HR.

M/ S
20

-20
-40

Fig. 6. Month to month variation of midday
(1100-1300 hr LT) values of the eastward
(F'g-w) and northward (F7y.s) components

) ! L of the drift speed at Yamagawa for the

JAN  APR JUL ocT JAN year 1964.

MONTHS
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5. Variation with Magnetic Activity

To investigate the effect of magnetic activity on E-region drift speeds
at Yamagawa midday (1100-1300 hr LT) values have been grouped into three
different Kp ranges i.e. low (less than 2), medium (between 2 and 4) and
high (greater than 4) and the plot of mean drift speed with Kp is shown
in Fig. 7. No significant change in the mean drift speed is noted with
increasing Kp index. The small variation seen is within the error limit and
hence not signiﬁcant statistically. From a much larger pnumber of observa-
tions at Yamagawa during the period 1966-1971, Ouyama et al. (1974) re-
ported no change in the daytime drift speed with Kp. However, the drift
speed at Ahmedabad decreases slightly with increasing Kp (KAUSHIKA, 1969;
PaTeL and CHANDRA, 1978).

YAMAGAWA 1964 E-REGION

. =13 hr.
$ w0
@
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[}
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=
o B3 .y H 3 1 F4
g Lol \ | | L Fig. 7.. Vauatlo}l of mean Amldday drift speed
0 ] 2 3 4 5 with magnetic activity index Kp.

6. Lunar Tides in Drift

Lunar tides in the drifts have been studied only at a few locations.
These are the high latitude stations, Cambridge (PHILLIPS, 1952) and Ottawa
(CHAPMAN, 1953), the low latitude station, Waltair (RAMANA and Rao, 1962)
and the equatorial station, Thumba (MISRA, 1973). To examine- lunar in-
fluence in the E-region drifts at Yamagawa midday (1100-1300 hr LT) values
of the drift speeds were grouped into different lunar ages. Since the vari-
ation of the mean drift speed with the lunar age showed a purely semimonthly
oscillation we have averaged the curve for O-11 lunar age with that for
12-23 lunar age. The resulting mean curve is shown in Fig. 8 which shows
a semimonthly oscillation with an amplitude of about 9 m/s and a maximum
occurring at 3.6 lunar age. This agrees very well with the results of MIsrA
(1973) for Thumba who reported a semimonthly oscillation of about 7 m/s
with maximum at about 5 lunar age obtained from a large series of data
covering the period 1964-1969. Tt seems, therefore, that the lunar oscilla-
tions in the E-region drifts at Thumba and Yamagawa have same phase.
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The lunar barometric pressure oscillations on ground at Trivandrum and
Tokyo (CHaPMAN and WESTEOLD, 1956) also show nearly similar phase.

7. Conclusions

The results presented lead to following conclusions:

1) The drift pattern at Yamagawa is highly seasonal dependent, with
zonal winds towards west during winter and towards east during summer,
similar to that obtained at other tropical stations like Ahmedabad and Udaipur.
The meridional component is mainly towards south. These features match
with GRrovEes (1969) model.

2) There is no significant change in the midday drift speed with in-
creasing magnetic activity.

3) Lunar semimonthly oscillations of about 9 m/s are noted in the
midday drift speed.
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Abstract

Features of the ionospheric E-region drifts during

aytime hours at Sibizmir (dip 72°N) are described, based,QQ
ﬁhefspaced receiver data for the years 197075 published by
the Academy of Sciences, USSR. The drift pattern is hlghly

seasonal dependent with westward drift during winter and

gastward drift durlng summer. The magnitude of the drift
'7lOoity decreeses with increasing sunspot number but increases
th 1ncreas1ng magnetlc act1v1ty (K ). Small changes due to

lunar tﬂ‘al effects have al<@ been 1solaued
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11. Inroduction

ITonospheric wrifts obtained by the most widely used radio

fmethods viz., the closely spaced receiver method of Mitra (1949)

.t a worldwide network of stations provides g unique method of

hderstanding the general atmospheric circulation at lomosrpheric

‘heights. The observations in the equatorial stations at_Thumba

?(RastOgi et al., 1972) and Tiruchirapalli (Vyas and Chandra, 1979)

éhow westward drift during daytime hours which is well correlated

with the equatorial electrojet. At a low latitude statio

Ahmedabad (dip 340N), drift is highly seasonal dependent'whioh

1s westward during winter and eastward during summer (Chandra

et al. 1977, Patel ot gl.. 1978). Similar trend was also

noticed at Yamag

(1980).

awa (dip 43°N) reported by Patel and Chandra

To investigate the drift pattern at a higher latitude

station, we have examined tk : apparent velc ities at Sibizmir

TN

(dip 720N) in USSP for the years 197075 obtained from the

;éimilar raae wethod of analysis, which was published by the

Academy of Sciences, USSR, and the main results are reported

here. Measurements during the daytime hours (060G-to 1800 hr)

~ mly are cansidered and

divided into three seasons namely win ter

Nov. to PFeb.), equinoxes (March, April, Sept. and Oct) and

umner (May to Aug. ).



Results

The entire data for the period 1970-75 has been grouped into
iﬁhree seasons and the histograms of the percentage occurrence of
hé~driftvdirec%ion'for”each~seaSOn—andyforﬁthe*énnuai'are shown™
n Fig.1. The drift direction is predominantly in the S-W quadrant
vduring winter and in N-% quadrant during summer. During equinoxes
directions are little more towards east than towards west, Thus
the zonal compoent is mainly towards west during winter and

mainly towards east during summer and equinoxes. This is not

in agreement with Grove's model (196§), Méridional component is

tginly towards south during winter anﬂ towards north during

summner.

Similar histograms for the drift speed are shown in Fig.2.

The number of observatioms alongwith mean and median values are

1 also shown in the figure. The drift speeds range between 20 m/s

Litd about 240 mw/s with median values of 109 m/s, 86 mw's and 84 m/s
zaréspectively for winter, equinoxes anﬁ summer. The trend of the
fSeasonal variation is similar to theione observed for Yamagawa
"ﬁff,(Patel and Chandra, 1980) and for phmedabad (Patel et al. 1978)
?With winter values higher than other seasons. Higher neutral-ion

collisions in summer vould be possible reason For this behaviour.
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Dally and Seasonal Variations of the Drift Speed

To study the daily variations of drift parameters, hourly

an values of the apparent drift speed V' as well as the eas tward
‘E;W)Mandﬂnorthwardw(Vlﬁngweomp@nents~forweach season as well
_as for the annual have been computed and shown in Pigs.3 to 5.

‘ The apparent drift speed (FPig.3) for winter vary between 110 m/s to
150 o/s with a Suggestion of a peak around 09 hr. During

equinoxes and summer the drift speeds are falrly uniform

The daily variations of the eastwest component of drift

Flg 4) shows westward drift during winter except in the morning

and evening hours, During equinoxes it is eastward in the

morning and evening hours but wes tward during the hours from 11

to 15. The drift is however eastward throughout the day in

. summer.

The N-S component (Fig.5) shows southward drift in the

forenoon and northward drift in the afternoon during th e winter

and equinoxes. During summer, however, it is northward both

n the moming and evening hours with midday values either very

Small or southward.

The seasonal behaviour of zonal component reveals that

Znal component is mainly westward during winter and eastward
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during summer with a change over during equinoxes. Thus the
behaviour of the zomal and meridional component is similar to

those reported earlier for Yamagawa (Patel and Chandra, 1980)

and shmedebad (Chandra et al. 1977). This appears to be a
global phenomenon barring electrojet region where electric

fiélds (polarisation fields) govern the drifts.

Solar Cycle Variation

The long series of data‘at Sibizmir has permitted to
investigate the solar cycle variation of the drift speed.

For this the annual mean values for each year averaged over

the entire daytime hours have been computed and plotted against
the yearly mesn sunspot number in Fig.6. A decrease of the
idr}ft speed with R, 1s clearly noticed. The drift speed being
abouf’140 m/s for R, values of about 15 and then dropping
systematically to about 90 w's at R, values of about 80.
fDecrease in the drift velocities have been reported earlier

for equatorial stations, Thumba (Misra et al. 1971) and Ibadan

 (Oyinloye and Onalaja 1977). All avallable data at Ahmedabad
have been examined and similar decrease with R, has been
found (wnpublished). The decrease of the drift speed with
sunspot could again be possibly explained by higher values

:Of ion neutral ~:ecollisions during high sunspot numbers.

Variation with Magnetic Activity
To investigate the effect of magnetic activity on E-region

drift speed at Sibizmir, midday (1100-1300 hr TT) values of drift
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peed have been grouped according to different Ky values and the
plot of mean drift speed with K, is shom in Fig.7. The vertical
'Tars represent the standard errors in the mean. An increase

in the drift speed with K, is clear with speeds being about 95 w/s

ffbr Kp = 0 and increasing to about 125 /s for Mb = 6. To

xamine the latitude dependence, the earlier results have been
gken for Yamagawa (Patel and Chandra 1980), Ahmedabad (Patel
and Chandré 1978) Thumba (Rastogi et al. 1971) and Tiruchirapalli
(Vyas et al. 1978) and reported in Fig.8. Targe increase at
Sibizmir, a small increase at Yamagawa, slight decrease at
Ahmedabad and large decreases at Tiruchirapalli and Thumba are
noted. Thus there is a systematic change in the magnetic activity
effects on E-region drifts from equator to high latitudes. These
are consistent with the direction of the electric field of
@ggnetospherio origin which are opposite to the Sq field near

‘uator but in phase at auroral region.

Tunar Tides Effects

~ The lunar tidal effects have been studied by grouping
the midday (1100-1300 hr IT) values of drift speeds into
ifferemt lunar ages and thén finding the variation of the
1§an drift speed with lunar age. The resulting lunar monthly
;écillation obtained is shown in Fig.9. Semimonthly wave
}iﬁh an amplitude of about 6 m/s and maximum occurring at about
1”§ar age of 5 hr is seen. fThis agrees well with the results
btained earlier at Thumba where semimonthly oscillations of

about 7 n/s and maximum of about 5 lunar age was obtained
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(Misra, 1973)., At Yamagawa the maximum was found around 4 lunar
age even though the data was only for one year period (Patel and

Chandra, 1980). It appears that the phase of the lunar oscilla-

tions 1s same at all the latitudes:

Conclusims

1) The drift pattern at Sibizmir showing westward zonal
flow during winter and ecastward zonal flow during summer
is similar to those obtained at Yamégawa and Ahmedabad.
Thus the circulation pattern is of a global scale
(barring electrojet latitudes where electric fields

determine the drift pattem).

2) The mean drift speeds are found to0 decrease with
increasing sunspot number.

3) The mean drift speeds increase with increasing Kp
value.

4) Tunar semi-monthly oscillations with an amplitude

of about 6 m/s and maximum occurring at about 5 lunar

age is clearly noticed.
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CHAPTER~IV

SOME AS™I0TS OF THE GEOMAGNFTIC VARTATIONS AT
Tow TdmijPFS

4,1 Quiet day variation of geomagnetic H-field at low latltudes—mw
~—Solar and seasonal effects

ool 4.1.1 Tntroduction

The SbUdy of solar dally varlatlon of the geomagnetlc

focomponents has attracted many workers s1nce the beglnnlng of

thlS branoh of sclence The dally varlatlon of the geomagneth

jfleld has been attrlbuted to the 1onoopherlc dynamo currents

t‘Schuster 1908 ohapman 1919) dlgnlflcant seasonal varlatlons ”

xare Seen in the H field components and different sources have

fbeen suggested for these variations (Vestine 1954, McTntosh 1959,
Price 1963, Currie 1966)fj:;;fjwfy

The geomagnetlo data at low. latltudes are  of special

*lmpOrtance becaus Wlthln a narrow bel§ of 40-50 centred over

the mag netlc d1p equator, the dally varlatlon of geomagnetlc

H~f1eld on qulet days ie. qu(H) is abnormally large compared

w1th ‘other places in the low latitude reglon This large Sq(H)

Varlatlon ds. due to large 1onospher1c currents in the dynamo
reglon Over the dip equator and has. been named as "muatorial

electroget" by Chapman (1951)., - This. enhanced current arises.

fdue to the speClal geometry of . the. geomagnetlc field at the dlp

equator ‘which oauses a vertlcal Hall polarisation field resultlng
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in enhanced conductivity in the eastward direction. During
night-time the currents are very weak due to the depletion of
E-layer donigation (Chapman and Raja Rao 1965). Another way of

representing the low latitude ionospheric currents is to consider

the currents to be due to the normal Sq current extrapolated from
~ the tropical latitudes over which is added another current systenm
which is entirely due to electrojet (Forbush and Casaverde 1961,

Onwumechilli 1967).

At low latitudes the horizontal component is the major
‘part of the total field and the vertical component is signifibanﬁly
affected by the geological and geographic surroundings of the
.vstation. Therefore, we have s tudied only the horizontal
component of the geomagnetic field. Recently, Rastogi and Iyer
’(1976) have studied quiet day variation of geomagnetic field at

low latitudes including IGY-IGC period.

One of the oldest and foremost geomagnetic observatories
at low latitudes is at Huancayo, Peru operating since 1922. 1In
this study we have examined quiet day solar variation of geomag-
| netic H field at equatorial station Huancayo for the period
1922~73 and comparison of these results is made with those at

- Trivandrum, an equatorial station in the Indian region where the

mean magnetic field is high as compared to that in American region .

4.1.2 Data analysis and results

The mean daily variation of the H field at Huancayo averaged

- for the five intemational quiet days of each month from 1922 to
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1973 was computed applying non-cyclic correction. The corrected
~annual mean daily curves for each of the years were subjecte@‘tall
harmonic analysis to obtain the amplitudes and times of maximum

 of the diurnal and semidiurnal components. Fig.4.1 shows the

_Yyear 1o year variation of zurich sunspot number (RZ), amplitudes
3(31’32) as well as times of maximum (T1,T2) of the diurnal ana
semidiurnal compoments of daily variation. It is clearly seen
that both the amplitudes a, and a, very faithfully follow the
varigtion of R,. The time of maximum of diurnal component also*\
varies between 1100 and 1200 LT with the variation of R,. The
daily maximum occurs close to noon during high sunspot years but

it is at an hour earlier during low sunspot years.

The time of maximum of semi-diurmal component shows
varlatlon w1th R, for certain epochs whlle for others 1t 1s not

very ev1dent. Further the range of the varlatlon is relatlvely

smaller for Lz than for T1

The dependence ongﬁzaof amplitudes and phases of the

harmonic components were computed using the following equations:

(4.1)
(4.2)

NN

Ay + Ay R, + Ay R

N N

Aj A{ R, + Aé R

4.2 shows graphically the variation of these factorg: ... -
~ with sunspot number togather with the best-fitting quadratic.

line. It is seen that the harmonic amplitude increases linearly
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with sunspot number but beyond sunspot number 100 a kind of

saturatiom effect sets in. The coefficient for T2 is nmuch

smaller than for T1.

Similar ahalyéis was done separately for each month for

each harmonic companent. Further for each particular month

the value of the coefficient (denoted by A) extrapolated for

zero sunspot number as well as the sensitivity of these factors
 to sunspot number (denoted by B) were calculated using linear

relationship between the coyaggnemk% and the sunspot number.

Similar analysis was done for the geomagnetic H field at
Trivandrum for the period 1958 to 1973%. Tie results are shown

in Fig.4.3.

Comparing the amplitude extrapolated for zero sunspot
i,,number shomm on the left hand of Fig.4.% it is seen that the
~ diurnal wave at Huancayo is larger than that at Trivandrum for

any of the months of the year. PFurther at both the stations

the amplitude a4 is maximum during equinoctial months. : The

_amplitude a5 is also maximum at either of the stations during
_equinoctial months but the value of a, 1s greater at Huancayo

 than that at Trivandrun only during the wonths September to

fMarch. For the months April to August the amplitude of 8o isg
 8reater at Trivandrum than that at Huancayo. Thus the amplitude

2, has the semi-annual effect at different parts of the world

i
2
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whereas semidiurnal component 8o is further affected by local
seasons, with increased value during local summer months. This
means that at both the places electrojet is maximum during

equinoxes. Purther the electrojet is much stronger at Huancayo

then that at » Trivandrum during D (Nov, Dec, Jan, Feb.) months
while the difference is least during J (May, June, July, Aug.)
months. Referring to time of maximum of diurnal component it is
seen that it is earliest at Huancayo around Nov., Dec., Jan. and
at Trivandrum during May and June months. To some extent similar
features are noticed in the seasonal variation of the time of
maximum of the semidiurnal component. Thus it seems that the
Seasonal variation of the time of daily maximum of Sq (H) (solar
quiet day variation of H field) at equatorial station is gove rned

_by certain parameters which depend upon local seasons.

The sensitivity of the values of aq or a, to sunspots for
either Huancayb or Trivandrum seems to be least for J months.
~ Purther for any months of the year a sensitivity of either of

| these vglues is greater for Huancayo than for Trivandrum. Thus

the difference in the electrojet currents over Huancayo and

Trivandrum would increase with the increasing sunspot number.
The seasonal variation of the sensitivity of the times of
 Maximum T1 and T2 seems t0 be opposite in nature at Huancayo

and at Trivandrum. Thus the time of maximum of the daily

variation again seems 0 be controlled by the local seasos

of the station.
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4.2 Counter-electrojet - Cgomaﬂnetlc effents at different
latitudes

4.2.1 Introduction

- The-large-depressimsg—of—the H-field-which are noticed in
the afternoon hours at Huancayo were first reported by Bartels
~and Johnston (1940). Gouin (1962) reported an event in which
daily variation of H at Addis Ababa (within the eleotrojet) was
 depressed during noon hours below the night-time level, This
phenomenon of decrease of H fleld during the daytime at an
_equatorial station was named 'counter-electrojet'by Gouin

’kand Mayaud (1967). On counter-electrojet events the electrojet
seems to reverse its flow pattem during early morning and/or

afternoon hours.

Rastogi et al., (1971) showed that the depression in H at
Xodaikanal (counter—éledtrOjets) were associated with simultaneous
réversal of the drift velocities of ionospheric irregularities

over the equator (measured at Thumba) and sudden disappearance

0f 9 type equatorial Es. ITater it was confirmed that the counter-
electrojet events at Huancayo were associated with simultaneous
reversal of the electrm drift velocities measured by VHF back-
scatter radar at Jicamarca (: Rastogi 1973.,). Such an associa-
tion has been shown to be true on a very swmall time scale of minute
or S0 and even during geomagnetically disturbed periods (Rastogi

et al. 1977).
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Using a large network of closely spaced ground-based
‘magnetometers in the equatorial region (+ 50 dip latitude long.

14°-19°R) in Chad in the Central African Republic during Nov.

968 to March 19705 Fambitakoye and Mayaud (1976;,%,5§ reported
/the results on counter-electrojet events., Separating the
regular solar (SR) variation into two components vigz. S§

frepresemtimg the effect due to mid-latitude ”planetary“ Sq
current system and Sg representing the "supplemen tary"

equatorial electrojet current confined to a narrow latitude band

along the dip equator, they showed (1) the permanance of counter-
_electrojet in the morning hours and frequent occurrence in the

afternoon hours, (ii) frequent occurrence in the afternoon

0f a secondary reversal current ribbon, roughly twice as double

~as the main ribbon, (iii) large variability in the ratio of Sg
to Sﬁ, (iv) significant north-south asymmetries in the total

field and Sg, (v) shifting of the electrojet centre by about

40 km to the north during the comnter-electrojets and (vi)
inhibition of the normal development of Sg (reduction in the
electrojet strength) when irregular short-term fluctuations occur
on some days. Fambitakoye et al. (1976 ) have offered
explanations for some of these in terms of possible ionospheric
east-west winds at high altitudes (125-200 km) and plasma
instabilities as envisaged in the physical mode of the

electrojet suggested earlier by Richmond (1973 ,.@).
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A much more extensive network was operated in Bthiopiag

(1ong 360~440E) from Dec. 1970 to May 1971 in a much restricted

latitude (+ 50 dip lat.) but consisting of 35 stations.

Preliminary results were presented by Porath et al. (1973)‘Wh0'
showed that (i) there was a north-south asymmetry in the daily
range. The similar dip latitudes in the southern region showing
larger ranges, (ii) the 2 variation showed north-south asymmetries
not only in amplitude and sign but in spectral composition also,
the 24 hr, 8 hr and 6 hr components showing dissimilar behaviours,
k (iii) the planetary Sq and equatorial supplemen tary electrojet |
seem to be mostly unrelated, (iv) assuming the electrojet effect as

equivalent to that due to three model line currents at dip

latitudes 0o, + 1.50 and + 3.00, it was observed that the inner
 line currents Were stronger, indicating essentially a centering

- on the dip equator but during afternoon counter-elé‘otrojet,

the current intensities seemed to decrease more gradually with
diétanoe (or latitude) than the normal electrojet currents did
indicating possibly different mechanisms and/dr altitudes for
the reverse current flows in the ionosphere, (v) on some days,
jélectrojet showed depression near local nom and its magnitude
decreased more gradually with latitude than the normal electrojet
3§trength and the depression occurred slightly earlier away from
the equator, (¥i) morning counter-electrojet magnitudes decreased

more rapidly with latitude than normsl electrojet, (vii) on storm
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day, the electrojet part could have éounter—electrojet too, and

(viii) SSC had larger magnitude nearer equator for some events.

Rastogli (1975) had suggested that the observed variation of

H-field at the ground in the electrojet region g due té the
superimposition of two current systems one of which associated

with world-wide Sq and floWing always eastward during daytime at,;'
'fa’height of about 107 kum; another a simultaneous current at

about 100 km which may flow eastward or westward.

Hutton and Oyinloye (1970) reported that there was no
connection between the occurrence of counter-electrojet and the
moon as the phenomenon had been observed at all times of the
iﬁhar day, even though they found that the counter electrojets
szere most frequent around 0300 and 1500 lunar hours. Sastri and
Jayakar (1972) showed that major afternom counter—eléctrojef
events at Trivandrum occurred most frequently around lunar age
TZOOOO and 1200 hrs (new and full moon days) and were practically
absent around lunar age 0600 and 1800 hrs (first and third |

quarter moon days).

Marriot et al. (1979) noted that the aftemoon counter-
clectrojets occur most often at all stations when lunar phase
"is 1 hr and the moring counter-electrojet ocurs most frequently
 for lunar phase 5, 6 and 7 hrs. It is quite reasonable to
conclude the additional field on the days with afternoon counter-

electrojet events detected by Bhargava and Sastri (1977) is of
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lunar tidal origing Sastri and Bhargava (1980) had examined the
variation of the additional magnetic field present on afternoon
coun ter-electrojet days over the latitudes from the dip equator to

;SabhaWala (dip = 450N) separately for January and the summet”d

‘ﬁonths. They had given a picture of variation of the additional

magnetic field on the days nf counter-electrdjet events and also

had represented approximately the overhead current vectors during
daytime on those days, which demonstrates the two vertexes of tne
edditional current system and position of which is seasonal

dependent.

Schieldge et al. (1973) simulated worldwide magnetic varia-
 tions observed at four universal times of quiet day o the basis
of coupled numerical models of the global 1onospherlc dynamo

‘ con31st1ng of a tllted dlpole fleld w1th1n reallstlc conduct1v1ty
contrlbutlon and helght varylng tldal w1nde and.allowed for 7
fleld llne currents They found that in addltlon to the dlurnal
tldal w1nd component thc scmldlurnal component played an
1mportant role 1n generatlno electrlo flelds and currents‘ v
Raghavarao and.Anandarao (1980) showed that only vertlcal wlnd
can reverse the eleotroget most effectlvely and to 1dent1fy a
latltudlnal mod l of Vert1c11 w1nds that can produce the.
observed features of counter-electrOJet 1n the presence of
Vertlcally upwerd w1nds the 1ons are llfted up cancelllng

or even reversing the vertlcal polarisetion flcld dependlng on

the wind speed only An upward V010c1ty of about 13 m/sec can
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annual the vertical polarisation field engendered by a primary
“eaétward field of Q.5 mv/m at the dip equator in the Indian zone

(B = 0.38 éuass at 105 km altitude).

Rastogi and Patel (1975) had demonsfrated that a number
of events of counter electrojet were associated with IMF (Inter-
planetary magnetic field). They had concluded that large and
quick changes in the latitude of IMF from its southward to
‘fnorthward direction would impose an electric field in the
_ionosphere from the evening to the morning sector of the earth,
which would be superimposed o Sq electric field. Depending upon
 the magnitude of the magnetospheric electric fileld and Sq |
electric field at the concerned fie 1d on the equator may be
decreased still maintaining the normal direction or even
; £eversed from its normal direction, causing a partial or
_complete counter-electrojet events. Recently Rastogi (1981) has
discussed the characteristics of equatorial counter-electrojet
events associated with reversal of interplanetary magnetic field

(IMP) and compared with those events associated with semi—diurnai

luni~solar tides.

4.2.2 Counter-electrojet effects in geomagnetic field
components at different lati tudes

The study refers to the quiet sun year of 1964 and geomag-
‘-netlc data for the equatorial locatlons Terandrum (dlp angle

-1.668), Kodalkanal (+2.50N) and Annamalalnagar (45.20N) and
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the nm-equatorial locatims Alibag (4+23.00N), Sabhawala (+45.20N)}

’Tashkent (+60.60N ), Sverdlovsk (+73.60N) and Dixon (483%.60N) all

gbout 700% longitude were used.

A major difficulty in studying counter-electrojet is the

distortion of H plots during disturbed conditions. In particular,
the local time dependent storm effects DS are known to have a
profile of a dawn maximum and dusk minimum (Sugiura and Chapman
1960)., The latter can be easily mistaken for afternoon counter-
electrojets. A possible way out would be to confine the study
oly to quiet days (Ap =0 to 7). However, Ay is an average daily
index and there is no guarantee that all individual hours on that
day will be free from disturbances. A method to eliminate these ‘

was suggested by Kane (1973ﬁ>in which a parameter Sd; is calculated

as follows:

= H (equator)-H (low lat.) + S_ (low lat.) (4.3)

Sd q

I

Here the H values at low latitude location (outside the
electrojet regim) are subtracted from the H values at an
equa torial location, thus eliminating all magnetospheric effects
which are expected to be common to both these locations. Since
the low latitude S, is also eliminated unjustifiably, a compen-

q
‘satory factor 5y (low lat.) obtained as the mean of either 5
internationally quiet days or all quiet days (A, = O tO 7) in
any particular month is added. The plots of SdI show the counter-

electrojets very satisfactorily even on disturbed days.
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Pig.4.4 shows the frequency of occurrence of negative
values of SdIk(deviation of 8d; from the average of pre~dawn hours
00-03 IT) at different LT in different seasos in 1964 where Sd;

is obtained as Trivandrum minus Alibag. The outer histograms

are for all negative magnitude while hatched parts represents
negative magnitude exceeding 10 gamma. The negative magnitude

is confined mostly to the morning and afternoon hours specially
for larger values, thus indicating that these are the most suitable
hours for occurrence of counter-electrojets. Negative magnitudes
between O and 5 gamma occur at other hours too; but since these
seem to occur even during night, we believe that this indicates

 the level of inaccuracy of the parameter SdI'

Days were sorted out according to whether the minimum value
of Trivandrun Sdy during the interval 12-16 IT was in the follow-

ing ranges (a) positive (b) negative between O and 10 gamma ,

(c¢) negative exceeding 10 gamma. Thus group (a) would represent

f_days having no counter~electrojets while group (c¢) would represent

aays of strong counter-electrojets. The average dally variation

Of the horizontal component H and its northward component ¥ and
eastward component Y at all locatioms were obtained for these»three
groups secparately for the three seasons (Bummer = May, June, July,
| August; Winter = Jan., Feb., Nov., Dec.; Equinoxes = March,

April, Sept., Oct.) separately. Since events in winter were few

~winter and equinoxes were combined.
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In Fig.4.5 the left half shows average diumal H plots for
the equatorial stations Trivandrum, XKodaikanal and Annamalainagar

for summer months. The top triplet is for days of group (a)

wiweyzdays~notvhavingwanywceuntcL—ulcutxmget. The middle triplet
is for group (b) (small afternoon counter-electrojet) and the
bottom triplet is for group (c) (strong afternoon counter-
electrojet). In each case the superposed dashed curve fepresents
the average of groups (a), (b), (c) and is plotted to show the
distinguishing features of these groups. Thus in group (a) the
full curves show larger H values than the dashed curves for the
afternoon hours indicating a complete lack of counter-electrojet.
In contrast the full curves in group (c) are far below the dashed
curves during afternoon hours indicating a strong counter-

electrojet (shown hatched).

The gquestion we are posing is, are the low and middle latitude
daily variation profiles of H, ¥ or Y different for these three
groups? The right half of Fig.4.5 shows the average diurnal plots
of H, X and Y for Alibag, Sabhawals, Tashkent, Sverdlovsk and
Dixon for group (a), (b) and (c) geparately. On each full curve
the superposed dashed curve is the average of groups (a), (b)

and (c) together.

From these plots for summer it secms that the profiles at low,

- middle and high latitudes are not different Ffor days of counter-
electrojets as compared to those for days having no counter-

electrojets.
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Fig.4.6 shows similar plots for the other seasdis vig.

winter and equinoxes which have combined together ds days for

group (c) (large counter-electrojets) were fewer in these

seasons. Here the group (c¢) of large counter-electrojet shows
considerable varigtions in H, X and Y. Incidentally, Bhargava
and 4 Sastri (1977) have reported that on days of afternoon
counter-electrojets there is an additi cnal northward component
 near noon hours i.e. a large amplitude of the normal electrojet
at Trivandrum. From Figs.4.5 and 4.6, this is true for winter
whereas this effect is not much clear for sumner. Recently
Sastrl end Bhargava (1980) have suggested an additional field
on the days of strong counter-electrojet events and have shown
kchanges of the additional fie ld by an approximate representstion
Oof the horizontal current vectors. According to them th e
magnitude of H is high in forenoon hours and in afternoon hours
it is low compared to g day which is quiet day and selected
nearby couwnter-electrojet event day. This thing is clearly seen

during winter and equinoxes as shown in Mg.4.6 whereas it is

not clearly seen during summer referring to Fig.4.5.

In calculating SdI’ we subtract Alibag H from Trivandrum H.
However, since on quiet days, H patterns are not distorted, a
similar analysis could be d me for Trivandrum H alone rather
than for SdI' Pig.4.7 shows the average results for three

groups of comter-electrojets for Trivandrum H on the left side
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and Alibag H, ¥ and Y on the right-side. Alibag H, X and ¥
_curves are similar for the three groups in sumtter; but in winter,

average amplitude at Alibag is higher duringﬁstromg counter-

electrojets.

To study the H patterns on individual days, Fig.4.8(a)

shows diurnél curves for H at Trivandrum for selected days when
:larée afternoon counter-electrojets occurred (shown hatched in
summer). Fig.4.8(b) shows the curves for H, X and Y at Alibag.
Alibag patterns vary widely from event to event with no consistent
feature in the aftemoon hours (15, 16 IT) when counter—electrojets
Occurred at Trivandrum. The dashed curves are the averages for

all gquiet days in summer. The ¥ and Y patterns are larger than

average on scme days and smaller than average on others but not
hecessarily simultaneously in ¥ and Y. On some days, Y patterns
are distorted (hour of maximum and/or minimum shifted). Thus

on 16 June, 1964, both Trivandrum and Alibag show afternoon
decrease below the night level. One would normally ¢onclude that
the counter-electrojet at Trivandrum coincided with a reversec Sq

at Alibag in the afternoon. However, even though A_ was low (=7)

p
on this‘day, the aftermnoon drop is most probably not an ionos-
pheric effect at all but magnetospheric effect as it was seen at
Other locations too. On Aug .6, 1964, the H pattermn at Trivandruam
is strikingly odd. 1In Mg.4.9 we show a plot for continuous 5
days including Aug.6, 1964. The top curve is geomagnetic D,

(Sugiura and Poros 1971) and shows a mild storm on Avg.4, 1964,
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On succeeding days the storm recovers. On Aug.6 the A was only 7.

p
However, the electrojet at all equatorial locations (Trivandrum,

Kodaikanal and Annamalainagar) is highly distorted. Upto about

09 LT, the electrojet seems to have developed normally. But
from 10 LT onwards, something very drastic happened and th e
electrojet reversed for the whole day. At Alibag, the H values
are slightly depressed at 06-08 IT but from 08 LT onwards the H
values are normal. At Sabhawala, Tashkent and Sverdlovsk
nothing very extra-ordinary happened. But at Dixon, the daily
variation is different in that the usual maximum at 17-18 IT is
missing. However, this maximum is missing at Dixon on Aug.8
also but the electrojet is normal at equator o Avg.8. This
Aug.6 event is very peculiar indeed when equatorial electrojet
disappeared and even reversed (counter-electrojet) near noom
hours even under apparently quiet conditions ( low Ap). Unfortuna~
tely, no data of interplanetary plasma were available for this
day for a comparative study. PFrom the odd behaviour of H at
Dixon o Aug.6 a possibility arises that the equatorial counter-
electrojet may have some connection in thevpolar region. Now |
it is known that magnetic changes in polar regioms are intimately
conmected with changes in interplanetary magnetic fields. Hence
an attempt was made recently by Kane (1978) to see whether
equatorial counter-electrojets were related to changes in .

interplancetary magnetic fields. The results were inconclusive.
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In Pig.4.10(a) we show the hourly plots of X at Trivandrum
o some selected individual days when counter-electrojets
oceurred in winter and equinoxes and the corresponding H, X an&

4

=Y plots-at-Alibag-are showm—in—PFig+4+10(b)+— The dashed curves

are average for all quiet days in winter and equinoxes. On
almost all days, the H and X amplitudes are higher. The Y

amplitudes are also higher with some distortion of phaée too0,

This study revealed that in the northem summer, the

low and middle latitude H and/or X and Y pattern do not seem

to have any behaviour cmsistently different from the normgl.

But in the northern winter and equinoxes the H, ¥ and Y varia-~

tions at low latitudes have abnormally high amplitudes on counter-

electrojet days. Thus counter-electrojets at equator could be
related to intensifications m certain days of the normally weak

winter hemisphere S, current system in the Indian region. Whether

q
the counter-electrojets at Trivandrum in the northern summer
were related to Sq current system intensification in the southern
hemisphere could not be checked as there are no magnetic

Observatories directly south of Trivandrum in the Indian ocean.

The above evidence indicates a possibility that the neutral
winds might have an intimate connection with the change in the
neutral wind patterns of winter hemisphere. To check this we

have studied changes in the low latitude EB-region drifts on

counter-electrojet days in winter.
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4.2.3 Changes in the low lati tude E~reglon drifts on
counter-electrojet days

at low latitudes and the counter-electrojet we have studied the
counter-electrojet events during the year 1974 and the correspond-
ing B-region drift velocities at Ahmedabad. The drifts at
Ahmedabad show g mérked seasonal change in the zonal wind with

a flow towards west during winter and towards east during

 summer (Chandra et al. 1977, Patel et al. 1978)., This is in
cantrast to the westward day-time drift throughout the year in
the electrojet region (except during counter-electrojet events).
Cowmter-electrojet days were identified from grougd magnetic data
recorded at Trivandrum and Alibag and later confirmed from the
E-region drift measurements made at an equatorial station
Tiruchirapalli (dip 4.80N). In Fig.4.11 the castward component
of E~-region drift is plotted fof Ahmedabad as well as for
Tiruchirapalli for aacounter-eleotrojet'day (22 November 1974 )
alongwith the magnetic field varlatlons (Sd ) which shows &
depresslom around mldday To show th e dhange in drifts from the
normal pattern the mean values of the drifts for the month

are also plotted by broken lines. The drift at Tiruchirapalli
shows a change to castward around the time of counter-electrojet
‘event. The drift at Ahmedabad on this day is eastWard through out

and shows large eastward velocity around midday. Another example
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on 20 December 1974 is shown in Fig.4.12. There is counter-

electrojet between 12 and 15 hr 1T centred around 14 hr IT

m this day. The drifts at Tiruchirapalli show reversalat 14 h:

,“ihiihgg the drifts at Ahmedabad are eastward throughout daytime
We have examined some other events during winter and all of the
sh ow eastward drifts at Ahmedabad, b
Thus the counter-electrojet events are probably
assoclated with the eastward shift of the global scale wind
pattern. We conclude, therefore, that comter-electrojet event:
~are probably caused by changes in the atmospheric circulation

pattern rather than the localised change near magnetic equator.
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CHAPTER - V

SPACED RECEIVER EXPERIMENT

51 Introduction

A well known method of studying the ionospheric irregulari-
ties is from the phenomenon of scintillation produced when raéiaa
waves from g radio star or a satellite (with radio beacm )
traverse the medium containing irregularities. This phenomenon
'ocogrs in a number of media starting from lower atmospheré to
as remote a medium as intergalactic space. Table 1 (compiled by
Dr.S.N. Bhandari, Physical Research Iaboratory, Ahmedabad) gives
a brief account of this phenomenon in the universe. Scintilla-
tion has been a powerful tool for the measurement of irregularity
heights, motions, as well as for the detailed study of the
properties of irregularities. Satellites in particular allow
spatial coverage which is otherwise difficult or even impossible

to achieve with other techniques.

5.2 Radio Star Scintillation

The radio star scintillation was first discovered by Hey et al.
(1946) as the variable component of radio emission from the

constellation of cygnus.

Once the phenomenon of ionospheric scintillation by radio

stars was discovered, many research workers (Little and Maxwell 195§ 
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Wright et al. 1956, Wild and Roberts 1956, Dagy 1957, 19573,
Briggs 1958, Koster 1958, Koster and Wright 1960, Koster 1963§éﬁ$f

Briggs 1964, Basu et al. 1964, Aarons and Allen 1966, Briggs 196€

etc.) utilised this technique to study the ilonospheric irregula-
rities and compared their properties with other geophysical

parameters like geomagnetic index, solar activity etc.

Slmilarly plasma density irregularities in the interplaneta: ;
medium associated with solar wind produce rapid (faster than
about a second) fluctuation in the intensity of radio sources
pogsessing angular diameter less than about 1". These fluotua—
tions are referred to as interpianetary scintillatim (IPS)
in order to distinguish these from analogous phenomena occurring
in the ionosphere and the intersteller medium. The characteri-
stics of the observed IPS depend on the spatial structure and
dynamies of the interplanetary plaswa as weil as on the'angﬁlar
size of the radio source being observed. HoweVer; With é
satisfactory knowledge of interplanetary medium, interplanetary
scintillation data cen be interpreted o yield useful informa-
tim m the structure of sources and vice versa. Thus Observa~

tions are useful to study the structure of plasma density

fluctugtions in the interplanetary and inter~steller space'and"

of galactic and extragalactic radio sources.
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5.3 Satellite Scintillation

Early studies of the ionospheric scintillation using radio

_....signals from the radio stars showed that it is basically a night-

time phenomenon and that it is associated with spread-F obsérVed

in the ionograms (Wild and Roberts 1956, Koster 1958, Booker 1958,

Bhargava 1964).

The advent of the beacon signals aboard the artifiéial
satellite provided the opportunities for global studies of the
ionospheric scintillations. Both the signals from orbiting
satellites like Explorer 22 and Explorer 27 as well as
geostationary satellites like Intelsat IIF2, Intelsat IIF3
and ATS-3 have been widely used for ionospheric scintillation

" studies.

Most of the ionospheric scintillagtion studies using beacons
from geostationary satellites were carried out at high and
middle latitudes. Only a few studies for equatorial latitudes
are available for Tegon (dip 9°S) (Kos ter 1972) and Huancayo

(dip 20N) (Mullen 1973). Recently in the Indian zone for

Ootacamund (dip 4°N) (Rastogi et al. 1977) scintillation study

was carried out using ATS=6 satellite:
ot L e

Global morphological study of the occurrence of secintilla-

tion has been carried out by Aarons et al. (1953) : ‘

: i l.?\.
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and Aarons (1975). On an average there is an equatorial belt
of 200 in width of high scintillation, then a region of weak

scintillation in the middle latitudes and again a‘high-soiniilla-

tion region at high latitudes. Fig.5.1 shows global irregulé—
rities structure (after Aarons 1975) obtained using orbiting
and geostationary satellites. It may be noted here that the
density of hatching is proportional to the depth of fading in

any region.

The equatorial night-time scintillation occurrence is
maximum around midnight for any longitude and is mainly due to
spread—ﬂ (Koster 1972, Mullen 1973, Chandra and Rastogi 1974 ).

At high latitude some scintillations are observed during the
daytime hours (Bolten et al. 1953, Ducno 1956, Chivers and
Greenhow 1959, Iiszka 1963, Munro 1966, Frihagen 1971, Mielson
and Aarons 1974). McClure (1964) estimated the height of the
irregularities responsible for the daytime scintillations to be
embedded in the EB-region. Association of the scintillatios

and ¥Hs patqhes has been noted at middle and low latitudes

(Aarons and Whitney 1968, Rastogi and Iyer 1976,d.). One of the
most important aspects of the ionospheric scintillatim is the
frequency dependence of the amplitude fluctuation. This has been
studied by the several workers viz., Hewish (1952) (frequency range)
Chivers (1960) (frequency range), Aarons et al. (1967) (frequency

range) and Deshpande et al. (1978).
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During ATS-6 phase I1, recordings of the amplitude and
phase at 40, 140 and 360 MHz were made at Ootacamund(dip 4°N)

in the Indian zome for one year (Sept. 1975 to Aug. 1976).

Strong scintillations were observed during night-time associated
with spread-F (Deshpande et al. 1977, Rastogl et al. 197%1) : |
Vats et al. 1978). It was shown that strong scintillatios
during the night were associated with intense range spread,

only moderste scintillations are éssociated with frequency
spread (Chandra et al. 1979). In addition there were several
day=time instances of strong scintillations primarily

associated with the blanketing type of Bs (Rastogi et al. 1977)..
Day=time scintillation instances are much more in the Ihdian
zone than in the American zone at the equatorial locations.

This is due to the fact that counter-electrojet events are

much more in the Indian zone than in the American zone (Rastdgi
et al. 1979). Frequency dependence of the ionospheric scintilla-
tion was also studied for the discrete frequencies 40, 140 and

360 Mz (Deshpande et al. 1978).

To understand fully the irregularities causing scintillation
it is necessary to study the nature and dynamics of the
irregularities. This can be achieved by spaced receiver
technique using satellite radio beacons. 1In addition, effective-
ness of space diversity scheme to mittgate ionospheric scintilla-

tion effect on communication can also be studied. Such studies
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near the equator are essential as the equatorial zone consists
of intense irregularities. To study these irregularities a

spaced receiver experiment using radio beacons (136 Miz) from

BETS-2 satellite was set up at Tiruchirapalli (dip 4.80N).”H

In addition g spaced receiver drift experiment was conducted

at 2.5 MHz and 5.0 Miz. Thus it was possible to compare the.- -
nature of the irregularities causing VHF and HF Scintillation
and to study the characteristics of irregularities having
different scale size simultaneously. The sub-ionospheric
coordingtes for 350 km altitude for the ray-path fromeTS—2 

satellite at Tiruchirapalli are 84°% long., 10°N lat éﬁdfé;{5 dip.

5.4 Bxperimental Set-up

The beacon signal (13651123 Miz) radiated from the geostati-
onary satellite ETS~2 is received by three crOséed yagi antennae
A1, A an d A3, situated at the vertices of a triangle as shown
in FPig.5.2. The whole elecctronic set-up consists of three
identical receivers. The block diagram is shown in Fig.5.3.

The signals received m all the three antennae are amplified
in the preamplifiers and brought to the recording room. These
signals are amplified and mixed with the signal from the

first common local oscillator. The mixer outputl:at 10.7 Mz
from all the three mixers are amplified and mixed with the
signal from the second common local oscillator giving rise to

second IF signal at 455 kiiz. These outputs at 455 kHz are
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amplified,‘detected and recorded om-a fast response (60 Hz)

chart recorder. The three receiver out-puts were recorded on

three channels of the recorder and the fourth channel was

g ed--fortime-marking.

The special features of these receiving sets are that (i)
local oscillgtor signals are derived from common crystal
oscillators. This avoids the error of differential phaée change
in the records of the three reccivers and (ii) these crystal
oscillators are oven controlled and have short-term stability
of the order of 1 part in 107, As all the three receivers are
identical we describe in some detail the various sub-systems

of one of these receivers.

5.4.1 Recelving antenna

The antenna is a twelve element crossed yagi, with e driven
element and eleven parasite elements. This has a measured gain
of 8 dB relative to dipole antenna at the same frequency. Its
output impedance is 50 Chms. The driven element is connected
to the 50 Chms transmission line, via a 'T'" match. The crossed
yagli antenna has been used in circularly polarised mode, so as 10
avoid the effect of Paraday rotatiqn of radio waves in the

lonosphere.

5.4.2 Preamplifier

The signal received by crossed yagl antenng is amplified by

a prealplifier. The preamplifier (Fig.5.4) consists of two stages,
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has a measured gain of 35 dB. Its noise figure is less than
3 dB and 3 dB bandwidth is 1.5 Mdz. The D.C. power to this

amplifier is sent through the output cable with output signal

riding over it thus avolding additionalecable for D.C. supply.

The input and the output impedances are 50 Chms. The signal
from preamplifier is brought to the recording room and is again

amplified by RF amplifier before feeding to the first converter.

5.4.% Pirst Converter

The amplified signal is converted down to 10,7 MHz by
mixing with a first local oscillator signal at 146.3123 MHz.
This is amplified in the 10.7 MHz IF amplifier g8 shown in Fig.5.5.
The local oscillator signals for all these receivers are derived
from a common crystal oscillator of 48.93743 MHz. The signal
from this oscillator is tripled, amplified and power splitted

as shown in Pig.5.6.

5.4.4 Second converter

The 10.7 Miz output signal of first converter is further
mixed with the second crystal oscillator (local) signal at
11.155 MHz resuiting in 455 kHz (2nd IF) signal. The signal
at 455 kHz after second caversiom is passed through a band pass
‘filter (Piezo ceramic) in order to reduce the overall bandwidth

of the receiving system. This helps in improving the signal

to noise ratio. The circuit diagram for this converter stage

(2nd mixer, filter and IF amplifier) is shown in Fig.5.7.
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Like the first converter stage in this stage the local oscillatar

(Pig.5.8) is common for all the three receivers.

5445 Detector

The doubly down converted and amplified signal is detected
by a square law detector. In this I.C. MC 1596 which is double
balanced modulator is used as a product detector with 455 kHz., IR
8ignal is applied to both the inputs (Fig.5.9). The output is
decoupled to bypass RF ripples. The detected balaneed output is
fed to an operatiomal amplifier IM301 in differential mode and
integrated (Fig.5.9). A 100 Ohm potentiometer is used as part
of load of MC1596 to balance out the DO off-set in the system.
Differential amplifier output is recorded on paper chart recorder.
The voltage output of the detector is proportimal to power or
square of the amplitude of the received signal at the antenna.
Thus recording in this system is linear for power of signal

received.

To facilitate audio-monitoring of the satellite signal, a
beat frequency detector (Rig.5.10) and a variable frequency
oscillator (BFO) using é varicap diode, which generates signals
of 455 kHz + 5 kHz, has been incorporated in all the three
receivers. The 455 kHz IF signal is mixed with BFO signal to
produce a audio 0-5 kHz, thus indicating the presence of the

satellite signal.
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All the three receivers are narrow band super hetrodyne
receivers. The overall characteristics of each of them are

as follows:-

H0_ . Ohms

il

Input-impedance

It

Nominal frequency 1%6.1123 MHz

First 1F = 10,7 MHz

Secmd IF = 455 kHz

Overall gain = 140 dB

Overall bandwidth =+1.5 kHz at -3 dB point

Threshold sensitivity by better than -138 dbm
Tmage rejection 50 dB

+ 1.5 kHz at -3dB point and
+ 10 kHz at -60 dB point.

it

Second IF bandwidth

Preliminary results are presented in the following paragraphs.

Fig.5.11 shows = sample amplituderecords. of 28th January 1978.

5.5 Scintillation Index

It is necessary to assign one index or few indices which can
characterise the degree to which a signal is scintillatihg.
The properties of such an index are (i) it should - . describer
in full the characteristics of scintillation, (ii) it should have
clear relatim with the statistics of the scattered wave, (iii)
at the same time it should be quickly calculable. All these

requirements could possibly be fulfilled only by using two indices.
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One of them could be an exact index for investigating the
characteristics of the irregularities, while the other should be

an approximate index used for comparing the records from diﬁﬁgxeﬂt

observatories and especially for correlatim with other gepphy—'“'
sical phenomena. However, tO ensure the reliability of this
approximate index, there should be one to one relation between
these two indices, so that the exact index could be estimated
from the approximate index and vice versa (of course with some
error). Bxact or purely statistical indices were given by Briggs

and Parkin (196%) as follows:

S, = % f(ﬁ“f"ﬁ) ; (normalised deviation of signal
: i amplitude)
_ 1 2 % .
Sp = 3 (R - R) ' 7 (normalised root mean square
| * | deviation of signal amplitude)
i P i . . . .
33 = 1§ @(32 - R (normalised  deviation of signal
R : ! power)
I
34 = l§ |(32 - E?')Zi 2 (normalised root mean square
R % o deviation of signal power)

where R and R2 are the instantaneous amplitude and power
of the received signal, and the bar (-j indicates the average.
The advantage of these indices is that thelr quantitative values
have a real physical meaning and provide informati on about tﬁe

physical conditions of the reglim producing scintillation e.g.
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size and strength of the irregularitiss (Briggs and Parkin 1963,

Bischoff 1967, Vats and Deshpande 1979).

D

The calculatim of the exact indices is almost impossible

when the signal is recorded on the chart. To overcome these

difficulties a number of indices which are termed as approximate
indices -are used. The most commonly used in the very early
investigations is visual index. T4 only describes the sample
visually by assigning a number ranging from O to 5. A more
quantitative approximate index is the fluctuatim rate ‘or nuaber
of fade per unit time determined by counting all amplitude A

maximum and/or minimum in the sample.
The widely used approximate scintillation index (SI) i

(Whitney et al. 1969) that has been adopted by Alr Force Geophy-

sical Laboratory and the Joint Satellite Studies Group is:

ST = — x 100 (5.1)
max min
This relationship was developed specifically for scaling
from paper chart records of scintillation. Some of the research
workers used this index without multiplying by 100. An 'arbitrary

rate' is used for selection of P and P . , P is the power
max min

max

of the third peak down from the maximum excursion and Pmin is

the power of the third level up from the minimum excursion.

It 1s realised that this definition of scintillation index



-90-

offers little help towards understending the relati mship between
properties of irregularities and their effects on radio wave

propagation but it does result in a standard method of scaling

which allows comparison of scintillation analysis between varioug

experimenters.

5.6 Scintillation Observatio at Tiruchirapalli

Seintillation index is calculated using equaticn(§949'fn9m the

scintillation records. Fig.5.12 shows occurrence frequency of

scintiliatiaq during night hours for the months April, June and
December of the year 1978, which represents oOccurrence frequency:
of scintillatim during equinoxes, summer and winter. For all the
seasons the occurrence frequency of scintillatim is maxi mum around
mid-night hours. The maximum occurrence frequency is about 70%
during equinoxes whereas 1t is about 40% during summer and winter

seasons.

Fig.5.13 shows the mass plot of the scintillation index (at‘
the top) and the drift velocity (at the bottom) as a functio |
of local time for 6th to 10th February 1978. The drift velocities
were calculated using time delay method. The scintiliation index
is ranging between 30% and 70%. The drift velocity 1s ranging

botween 100 m/s and 250 m/s. The drift direction is towards east.
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5.7 Comparison of drift speeds and directions as ob tained by

Spaced fading experiment and spaced s c1nt111atlon
experimen ts

In an attempt to compare drift speeds and directions as

obtained by two different experiments (spaced fading experiment
and spaced scintillation experiment) night-time F-region observa-

tions were conducted simultaneously.

The ground diffraoﬁion pattern in the spaced fading
experiment (H.F. drifts) woves with a velocity twice that of
the irregularities, whereas in the spaced scintillati o
experiment the speed at ground equal to the speed of the
ionospheric irregularities. Here we have derived velocity from
the time delay method which does not require kmowledge of
correlation function. Fig.5.14 is the mass plot of drift speeds
obtained by the two techniques. The mass plot shows that the
drift speeds obtained by spaced scintillation experiment are
relatively higher than those obtained by fading experiment.
Fig.5.15 (lower portion) shows the histogram of the percentage
occurrence of ratios of the drift speeds obtained by these
experiments. To check whether the drift speed obtained by
spaced scintillation experiment is nearly double the drift speed
obtained by spaced fading experiment, the histogram of percentage
occurrence of ratios of the drift speed obtalned by spaced
scintillation experiment divided by two to drift gspeed obtained

by spaced fading experiment is plotted (upper portion Of Pig.5.15).
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Fig.5.16 shows drift directions of ionisation irregulari ties
obtained by the two experiments which show good agreement with

the direction being exactly ecastward in both cases. The sub-

~ionospheric-point..of.the ray-path is about 2° south of the

station and hence measurements by these two experiments are not

at the same location in the ionosphere. Chandra and Rastogi (19

have shown the latitudinal variation of drift speed which shbwsg
large change close t0 the electrojet region which could be the
reason for the difference observed in the velocities measurédvby
two experiments. In addition to this, the spaced scintillatim
experimen t measures the integrated effect over the entire,F?region
whereas spaced fading experiment gives the speed of the ifregﬁla—
rities near the point of reflection. Another possibility of 

such dlfferencs can be due to the fact that we are observ1ng
dlfferent SCale size of the 1rregular1tles in these two
GXperiments. o |

5.8 Determination of the. parameters of the irregularities by
correlation analysis method ‘

| Tho 501nt111at10ﬁ\r§cqrds were dlgltlzed at an 1nterval
of 0.25 saconds whlch was found sultable for correlatlon qnalyéis.
The dlgltlzed valueo of the amplltudes we re used in oomputlng ,
drlft parameter% u51ng corrglatlon analyolo method The drlft
parqmetbrs, qpparent drlLt VLlOClty (V ), appqrent drift

direction (ﬁ s true drlft V61001ty (V), true drift directim (ﬁ)
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characteristics velocity (VC), major axis (a) and the minor axis
(b) of the characteristic ellipse, the axial ratio r and the
elongation of the ellipse (‘%’) with respect to north were

—galelated for-some-records (q@p Table 5.2 ).

The true drift velocities and apparent drift velocities are
not much different which indicates a small random.velocity of
irregularities. These results are in agreement with the drift
observations using spaced receiver technique at H.F. (2.5 - 5.0
Miz) at the same station (Tiruchirapalli). The drift directions
of true and apparent drift velocities are in good agreement}

The irregularities are found to have an average (half-correlation)
sige of 400 to 500 metres in east-west direction and 2000t to
3000 metres in north-south directian. These results are in
agreement with earlier observatios of Koster (1966) in Ghana

(Africa) employing similar technique.

5.9 Velocity spectrum and power spectrum by cross-spectral
method

With this method of analysis one could find the ampli tude
and relative phases of the various PFourier components present
in the records obtained from the three receivers. The phase
shifts could then be converted into time shifts and using the
aerial separation the velocity of motion of the individual
Fourier component can be found out. If the components with

different frequencies are moving with same velocity and there
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is no random motion, then the diffraction pattern would move
steadily on the ground and all Fourier components derived from

Fourier analysis of three fading records would have the same

speed and fading directions.

Using cross-spectral analysis power, the drift velocity
and directions were computed. Fig.5.17 shows the plots of
velocities vs. fading frequency (in the middle), directim
vs. fading frequencies (at the bottom) and relative power vs. =
fading frequencies (at the top). The velocity of the Fourier
components im.most of the time between 50 w/sec and 250 m/sec.
Relative power (presented in arbitrary units) indicates the
significance of that velocity compment. The drift direction
of all the component is found to be almost same for all‘
compments in all cases. This indicates that different Fogrier
components of drift velocity are having different magnitﬁdé, but

they move in the same direction.

5.10 Probability distribution of amplitudes

As the word suggests the probability distribution provides
information about the percentage occurrence of given amplitude
range in specified time segments. Chytil (1967) theoretically
showed that various amplitude distributions of VHP scintillation
can be expressed by a general relation oall@d as Ngkagami-m
distribution. 1In the case of weak scattering m T and

m distribution becomes Rice type, for £ <{m < 1 it becomes
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Hoyt distribution (or Nakagami q-distribution) for m=1 the

Rayleigh distributim (strong scattering)and finally for m=%

it takes the form of onesided Gaussian distribution (very strong

scattering). The fact that the various amplitude distributions

are >_functiom;of a single parameter m,.1t becoumes very simple
to determine the different conditions in the scattering region of
the ionosphere. Nakagami-m distribution in the simpler form

(Nakagami 1960) can be expressed as:

p(R) = 2(w/a )™ F (m) 2™ exp (-uR/n) (5.2)

2 ‘
where Ll= Eg 3 mo= EZ ( (R2 - 57)2)_1a only mga 5 3

R is the instantaneous amplitude and WM is Gamma function.

The parameter m = 1/32 where S4fie:as;defineﬁ+ear1ier in 5.5.

Probability distribution of the record on 2nd Februvary 1978
at 0225 hr is shown in the left portion of Fig.5.18. Dashed line
indicates theoretical probability distribution which agrees
very well with experimen tal results. Root-mean square amplitude

is %.4. Here m value is 4.7 which shows weak scattering case.

5.11 Message Reliability

Message reliability analysis gives an estimate of the.
increase in fade margin which is required over the value
specified by the cunulative amplitude probability distribution

function (cdf) to obtain a given probability of receiving perfect
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messages. Message reliability is measured by determinlng the

number of time intervals or messages that completely flt w1th1n

~the signal enhancement-or—increases—above specified callbratlan
levels compared with the total possible number in a 5.0 mlnute
period. Since the calibratim levels are relative to the medlan
level, these will represent various values of fade margln As
the time interval or message length approaches zero, the message
religbility approaches the percentage given by the cdf at thatJ k
level. Therefore cdf gives maximum possible value of message |
reliability (Whitney and Basu 1977). ‘Whitney and Basu (1977) ~” \¢q
reported such investigations using amplitude recordings of 737

and 360 Mz at Huancayo, Peru.

In Fig.5.19 Percentage of message received rerfectly is

shown as a functim of message length on 15th February 1978 at

0225 hr LT for the fade margin -2 dB, -4 dB, -6dB, ~8dB and -104E
at 136 NHz (reoorfad at Tiruchirapalli). I+t is seen that for ﬁhef'
hlghest fade margin percentage of the perfect message recelVed

is about 50% for the message length of 50 sec and for the lowest
fade margin it reaches 50% for message length of 10 gec and goes .
to zero for message length of 30 sec. Hence 1% is clear that as

message length increases the message reliability reaches zero value.
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5.12 Auto-correlation of the received signal

The auto-correlation is the measure of comparison between

the values of g function and the valuesof the same shifted
function. It is especially useful in characterising the
properties of irregular functioms. The guto-correlation function
is another way of inferring fading rate. It 1s the Fourier
transforn of the power spectrum and therefore has a width which
is proportional to the bandwidth of the power spectrum.

7ig.5.18 (right portion) shows the autocorrelogram of 136 MHz

at Tiruchirapalli on 15th February 1978 around 0225 hr IT.

The term auto-correlation time is defined as the time at which
autocorrelation coefficient reduces to 0.5 If the scintillation
is single scattering type the auto-correlation time is larger
for the lower freguency and it is smaller for the higher freguency.
This is due to the fact that the FPresnel dimension at the lower
frequency 1s larger than that at higher frequency. In the case
of multiple scattering type scintillation, the major scale of
diffraction pattern is reduced by the factor of phase deviation
and since the phase deviation increases faster with wave length
than the Fresnel dimension, the lsrger Fresnel dimension at lower
frequencies is more than off set by a factor of phase deviation
(veh et al. 1975) Fig.5.18 (right portion) shows that the

anto-correlation time is about 4 sec.
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CHAPTER - VI

CONCLUSIONS AND SUGGESTIONS

The present investigations deal with the studies of movement
and irregularities in the upper atmosphere (ionosphere); The
study is based on (a) the results derived from the drift
measurements at Ahmedabad during the period 1970-75 and from
published drift data at Yamagawa and Sibizmir, (b) the analysis
of the geomagnetic H field data at Huancayo and at s chain of
magnetic observatories at T4°® longitude and (c) the preliminary
results of the spaced receiver scintillation experimenf carried

out at Tiruchirapalll (dip 4.80N).

In this chapter the main conclusions of the present work
have been summarised and also some suggestions for future work

in this field, have been given.

The main conclusions are as follows:

(1) The élfoulatlon pattern\at - reglon altltude is of’a
global scale 1ndlcat1ng zonal flow Westward dUrlng w1nter and
eastward durlng summer w1th change over durlng equ1n0xes (barring
the equatOrlal latltudes where electrlc fleld determlneu th.e,

drlft pattern).

(i1) The mean drift speeds et equatorial (Thumba ), low—'

latitude (Ahmedabad) and at high-latitude (Sabizmir) stations =
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are found to decrease with the increase in the solar activity.

(i1ii) A systematic change with latitude is observed in the
~magnetic-activity-effects—in—the-mean-drift-speeds. Drift speeds
are found to increase with ilncrease in magnetic activity at
highilatitudes and decrease at the equator with a change over at
about 400 dip. This is consistent with the idea of the
impositim of electric fields of magnetospheric origin which is
opposite to the Sq field at equator but in phase at the high

latitudes.

(iv) Tunar tides in drifts at all stations show semimonthly
oscillations with almost constant phase. The amplitude of semi-~
monthly oscillations is found to increase in the equatorial

region.

(v) Effects of the interplanetary magnetic field on dfiffs
at Ahmedgbad showed a decrease in the eastward component bf
drift with the increase in the northward component (BZ) of
interplanetary magnetic field. However, increase in the éastwarﬂ,

component is found with the increase in the B. component of the

y
interplanetary magnetic field.

(vi) The eastward component of the T-region drift at
Ahmedabad during sporadic B is directed more towards east than
for normal E-layer. Thus a consistent shift of the zonal

component towards east is clear whenever Bs is present.



-100~-

(vii) Solar variations of geomagnetic ¥ field at Huancayo =

showed time of maximum Of diurnal and semidiurnal waves advance

towards moon-with-the-increase of average sunspot number.

Amplitudes of diurnal and semidiurnal waves are found to

increase linearly with the solar activity. Amplitudes of bola
the waves (diurnal and semidiurnal) are found +to be seasonal

dependent with peaks during equinoctial months. Ccomparison

of these results with those at Trivandrum showed that the
seasonal variation of the amplitudes 1is similar at two places

but that of time of maximum igs opposite in phase.

(viii) In the northemn winter and equinoxes the H,ano

¥ and Y variations at low and middle latitudes have abnormally

high amplitude o counter-electrojet days in the Indian regica
which gives indication that counter-electrojet could be relaied
to intensification on certain days of normally weak winter

hemisphere Sq current system in the Indian region.

(ix) During winter months there is marked change 1in the
wind sys tem at low latitudes (Ahmedabad ) during counter—elecirojé
events. The zonal wind which is predominantly westward durl |

winter changes to eastward during counter-electrojet eVents.

(x) Drift measurements using spaced scintillation experi ent
(P-region) in the equatorial region are found toO be greater nan
the simultaneous drifts measured by HF fading experiment, th

drift’directibn being same. The'drifts measured by spaced
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scinti’atian experiment are ranging betwe 1 100 m/s &ad 250
~The ~occurrence frequency of scintillation is maximum during

equinox. The seilntillation i1s observed maximum around midnight -

hours..-

Suggestiong for Future Work

- From the work reported in this thesis it is felt fouhaye_
.closer.netwcrk of drift stations at low-latitudes, covering
T?ngm-dip-equator to*Sq focus. - This will avail the opportunity -

for.understanding the wind pétternvin detail at low-lati tudes
~during -comter~electrojet events. This network will also :avail
 #5e.oppor$unityvfor the, study of variations-of'Sq‘fpcus.positio%{
w¥h drift as. there are two more magnetic observatories . -« - ‘

installed between. Alibag and Sabhawals viz. at tﬁjain'an&*f
Jaipure |
. A vetter global wind medel can be built using extensive

measurements at wirfferent latitudes i a global scale.

- With spaced receiver technique employing partial
reflections 1t is possible to have continuous measuremen ts with
good tme resolution as well as With‘reasonable'height“resolutiog
An the entire range of 60 to 110 km. This.enables one to study
height profiles of different components (viz. planetary, tidal

and_gravity waves) and thelr propagation. characteristics. .
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