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STATEMENT

T e T

'The work presented in this thesis was carrled out by the
1author at Phy31cal Research Laboratory, Ahmedabad Indla, under

‘guidance of Prof.Satya Prakash.

iThé studies presented in this thesis can be broadly

SSified under two heads, namely, theoretical -~ pertaining

:hé interaction of gravity wave winds with the ionospheric
‘ma;;and‘experimental ~ for the measurémentg of electron

%y and electric fields in the equatorial E region. The

or has actively participated in designing, fabricating and
eéfihg of the payloads for the aforesaid experimental\stud;es;\’
Hé has also actively participated in the rocket launchingé fr6m 

,humba.Equatorial Rocket Launching Station (TERLS), India.

.:The'electrio field payload and the probe system used

the measurements of electric fields uses many novgl ideas.
mutual admittance probe (WAP) system used for the measurement
*Qlectron density was an lmproved version of the system used

?r by Prakash and his colleagues.

'i;Although it is generally believed that the low~latitude
*dyhamical processes are controlled by the neutral dypamics,
iunderstanding of such a control is far from saﬁisfactory. Thus :

"e‘theoretlcal studies were made to agsess the effects of the



v 3kfiEi§eriﬁ;nta1 studiés were aimed at measuring the
mbiéht ﬁarameters, like the electric fields and elecctron
jity,;of the E‘region.plasma. The electron density
l;ﬁféments included the intercomparison of\varioué
iniques for such measurements."Suéh’é’cdmbafigoh~héé '
hbt'ﬁéen,attempted earliér. The electron density irregularity
_eééﬁreménts by Prakash and his colleagues point toward the
 9£§§¢§¢€ of small scale electric fields. However, fluctuating
yﬁ?tical-electric fields at the equétor have not béen measﬁredk
“éérlier. | |

~ The chapterwise breakup of the thesis is as follows,
*inkohaptef I, a brief account of various important pr@cesses,'

;njthe upper atmosphere is given. Emphasis is more on the

d&namiCS of the neutrals and charged particies as these are

 re1évant to the studies in the subsequent chapters.

- ;In chapter II, we have developed a three dimensional
f@QdE}‘for the interaction of gravity wave winds with the
/iéﬁéébheric E région.plasma. The interaction effects in
TiQCéliSed regions alone are considered in this chapter. The
;Subject of mid latitude and equatorial sporadic E is also

:reViewéd briefly.
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Generatlon and transmisulon of small scale electrlc

fds”due to the gravity wave winds under a varlety of

'tions is discussed in chapter 11T, Such studies have

en carrled out earlier.

he spread F irregularities are discussed in chapter IV
fmechanism for the production of large scale ionization

érities is presented, whioh is based on the results of
‘es carrled out in chapter IIT. |

fChapter V is devoted to the experlmental studlos for the \G

surements of electron density and electric flCldS as

”sGussed above.
Summary of the studies carried out in chapter II through V
s:givéh in chapter VI. The direction of future research is

1so given in this chapter.
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CHAPTER.I

NTRODUCTION

,‘asios”of the Earth's Upper Atmosphere:

urlous and inqulsltive nature of man has resulted in the
estigatlons of the patural systems. Earth's upper atmosphere .

hasfbeen one of such natural domains subgeoted to intensive

studies. Aeronomy is the branoh of phys1oal s01ences, pertalnlng'°
totthe Study of the upper atmosphere. To systematlze such,
tudles, nomenclature and Cl&SSlflCatlonS have been made. rThusizﬂ
e upper atmosphere oan be broadly ola551f1ed as the neutral

atmosphere, and the lOHlZEd atmosphere - the 1onosphere whose

physical state is governed, largely, by the ionized spe01es.
we&er;'the phenomena.assooiated with neutral dynamics do

ave a pearing on the ionospheric processes.

The neutral atmosphere has been nomenclatured in terms.of
temperature variations of the neutrals in different reglons and
some of these regions overlap the 1onospher1o reg;ons.’ Based }:p
onrthe temperature variations, the atmosphere is described in
tterms of troposphere (3-10 km altltude), stratosphere ,/

_(10-50 km), mesosphere (50-90 km), thermosphere (90-600 km)

| ',exosphere (600 km and beyond) The boundaries of various
egions at dlfferent altitude are loosely fixed and these ;
’kbouhdarles have been named by puttlng pause after the

z:name of each reglon, €8y mesopause.



| Galactic cosmic rays and the ultrav1olet and X»ray
fradiatlons of the sun penevﬂqte deep into the upper atmosphere
iand 1onlze the neutrals. This ionized state is. known as plasma
‘which is characterized by the quasi-neutral state in Wthh
‘number of positively and negatively charged partlclesels;equali
iﬁeychd a characteristic distance, the Debye shielding length;f
t Early radio propagation studies of the upper atmosphere
'revealed the existence of a conducting reglon 1n the upper
_atmosphere, the 1onosphere, whlch has been classifled 1n the
D; E and F regions., Varlous regions although do not have well
defined: boundarles, are believed to be in the altitude range
;‘50-90 km (D region) 90 to 150 km (E region) and 150 to about ’
1000 km (F reglon) Maximum electron density is in the F reglon,
”;peak value and altitude of which is dependent on the time of the,"
day. | | ‘

' The source of ionization in the D region, below 70 km is
. mainly cosmic rays which are protons of relativistic’velOcifiesz,'
- X-rays (2-8 A°) and Ly~ { ultraviolet radiations are the source
,}, of lonlzatlon at higher altitudes (70—90 km) , The'maaor'lons
"7ﬂ'1n the D region are 02 and No* |
The E region ionization is mainly due to solar Ly - B
~ 1025,7 A®), extreme ultraviolet radiation (911-1027 A%) and
~ soft X-rays (10-170 A®). The major ions in the E region are

~ nNot and 02+.



The F region ionizatibnfis meinly due to solar ultra-

v1olet radiation (170—911 AO) ThefmajoreiOn,is o* upto

1000 km during the daytime and upto  about 400 km altitude

‘ng the nlghttime. Above this, gt is dominant. |

” | The loss of 1onizatlon ln the E and F reglons is malnly
&ﬁe'to recombination, The transport processes contribute to the
1oss of lonlzatlon in one reglon and gain in the other‘ In the
equillbrium state the 1oss rate should balance the: productlon
rate. Let 4, be the rate"ofjproduction of ionization, . be

its loss rafe due to recombinafion etc. =Transpoft of the
ionization is given by divergence of the flux of the charged .
]pertlcles. If N is the density and V is its veloc;ty then, | |
~<7 (N V) is the transport term, Hence at a given instant ofﬁf\*ﬂ
,time, the rate of change of density should satisfy the contlue\ \

'enuity equation, given by

©OBN L G- L - -(NY) B (1)
. , a+ ,
. Thls equation is one of the ba31c equatlons lnvestigated to

’ﬁfdescribe various phenomena.

,' Since we are interested in loss processes only in the

. E‘and F regions, we ehall dlscussvthem in these regions only.
 Also, only the most importamt of such processes will be
discussed.

’ In the E and F regions, dissociative recombinatlons 1s
"{the‘most important loss process (Biondi 1964). Only in the

 upper most F region, radiative recombination is the fastest



[

ss process, These loss processes can be expressed by the

i

gsociative

o
d
+
L
o
X
v
X
X
+
k

(2)

anterlsks indicate the excited state of the atoms Wthh lose
thelr energy by radiatlon or durlng colllsions w1th other
partlolos ‘ .
 Since a large proportlon of the ions 1n the E and E reglonsﬂ
are originally atomic, dissoolative recombinatlon must be ,
preceded by reactions involving formatlon of moleoular lons, likeﬁ
. xP4Ng -»~i—-> xy*+7 L
H we assume that N is electron concentration, NA is atomlc
lons, NM of molecular ions and n (M) is the molecular gas
Concentration, then the oontlnu1ty equatlon for electron, atomlc

fand molecular ions is given by (Rishbeth and Garriott, 1969)

ANt = 4 =L N NP (4)
dN:ﬂﬂr:.‘b-Yﬂ(M)NA& i ~_Tﬁ€x
ANgtde = In(M) gk — ANNgr (€)

Chargepneutrality requires that
. N = Ny 4 Nat &)
 In the steady state <lfdt=0 .  If B = i hiM) we get,

NaH/Nyt = LN/B (%)



lnéiéqné.(6) and (7) we get, L
A = A PN AN )

ence we get, |
 f= N Kk B >> AN e Nyt 27 Npt ()
. Y = BN+ B<< <N o2 Nyt NpF (1)

A 'has been pointed out earlier, in the E region, the maaor 1onq -

are molecular (02 and NO ), hence the loss of ionlzatlon is
determlned by eqn.(10). While in the F region, where the. magor/uf
1on is o* y loss is determined by eqn.(12) The coefflclent A

depends on the temperature and varies slowly wlth the altltude.‘
Slnce B depends on the molecular gas concentractlon, therefore,r
decreases rapidly with the altitude, Typical values of A and‘

T ang 10"11 cm3 seo'1

;fare, of the order of y 1077 om® sec”
reébéctively.'

Geomagnetic field plays a very important role in the
dionosphere.

The dynamics of the D region ionization is controlled by
’the neutral dynamics, This is owing to the fact that the
icolllslon frequency of the charged partlcles with the neutrals f'
;15 so large, in comparison to their gyro-frequency, that they
;érendragged along with the neutrals. 1In the E region, the

{ llision ffequency of ions with the neutrals is large compared
\pffhéir gyrofrequency while for electrons, the ratio of electron
Wdhedtral collision frequency to the electron gyrofrequency is

_ vVery small, Hence the ion motion is governed by the winds,



'Q;eieC%ron motion is governed, largely, by thedélectric

elds;?lﬂence, the E region dynamicg is controlled both by the

utféi dynamics and by the electric fields, In the F region,

h motion of charged particles ia malnly controlled by the
'rlC fields.

 Since the ionospheric dymamics is controlled by the noutral
Hi¢s also, we first discuss the neutral dynamics which
6fates the neutral wind motion; Neutral winds of various

sizes and perlodi01tles are most pertinent to such a

descriptlon. We first outline various types of neutral“winds

nd waves following Rishbeth and Garriot (1969) and then dlscuss

a few of them in a greater length.

Prevalllgg Winds

These are the global scale, geasonally varying w1nds in .
the mesosphere and lower thermosphere, These are drlven by the
éasonally varying pressure in-equalities, The averaged winds
'effa perlod of a day or two satisfactorily give these winds
Wh_’h are constant over a perlod of a few months, Typical
;plots of the prevailing winds have been given by Murgatroyad
(j957)>and by Grooves (1969) in different altitude‘ranges.

‘(ii)f'Planetary Waves
These waves have periods of a few days and occur in the
lower atmosphere. These waves are found to be trapped,

ntirély, in the lower atmosphere, as a result of the mesospheric



lzds (Charney and Drazin 1961) However, sometimes, a fraCtibn\v
,eir energy reaches higher altltudou (Hines 1963 . he" |

avelength planetary waves are produced due to the airflow

tﬁe;continents and by the differential heating~over'the'
énte‘and oceans. The waves of smaller wavelength are

i%é&fdue to the baroclinic instability.

TThermospherlc Winds

e/Theﬁe winds are driven by the pregsure in equalltlcs due to
daily varlatlons in temperatures. These are found above an x
‘1tude of about 120 km. These winds' as well may- be regarded

‘tldal.ln mature. These have been formulated by Llndzen (1967),e

hl and King (1967) and Geisler (1966, 1967).

)f:Tidal Winds
'These are produced due to the differential heating of the
'ﬁneand/due to the gravitational forces of the sun and moor.

These,are global‘winds with periods related to solar and lunar

(v) Internal gravity waves

These are characterised by the periodicities of a few
knutes to hours; having vertical waveclengths upto a few tens
km and horizontal wavelength upto thousands of km. The
fQﬁefﬁy which is characteristic of these waves is that the

energy propagation is in opposition to the phase propagation.



mospheric tides - Observations:

;Tidal Winds in the upper atmosphere show a high degree

( fiability and contain contributions from geveral components
51978) The oscillations in the upper atmosphere can be
yted by the gravitational attragtion of the moon and by solar‘
:erential heating of the atmosphere, The gravitational
~régtion of the sun is less effective in thair generation,
he;éarth's atmospherc cxhibits natural osoillatione which have
ribds, submultiples of the lunar and solar days,

To explain the pressurc variations on the ground, in the
fly’days, tidal oscillations were sought (Kelvin 1882 , Lamb
sié) ~ Arnalysing the surface pressure data, Haurwitz (1956)

YHW gave an empirical relation between the observed pressure- |
ffiations and the semi-diurnal component of the tidal oscilla-
ions. He also found solar diurnal and its higher harmonics,
,ﬁd’the 1unar'semi—diurhal pefiodicities in the data, |

. As a result of extensive experimental study using variousk
:techniques, a great deal of understanding c¢f the phenomena

Zhas been reaohed However, with the advent of new techniques,
x groater variability and complexity is also realised. Several
;hhiques have bcen employed to infer the existence of tides
’uzifferent atmospheric regions. Meteorological rockets have
béen used for such studies in the altitude range of 30~60 km
‘GQg; Reed 1967, Reed et al 1969) which have revealed a diurnal

nd\that the semidiurnal tidal component was the most dominant.\ﬂuf



mpbnen£.~‘This compon@nt was found to have an amplitude of
'/sec.;at an altitude of 60 km., The altitude region 60-80fkm
;CSS explor“d and the data is almost insignificant (Lindzen

, f Early studics using meteor radars in the altitude range
w105 km have been contradiotlng. While Greenhow and Ncufeld
Q1)_found the semi-dmurnal component to bc dominant Elford

959) found diurml component to be the most domlnant with an

qmplitude of 20 m/sec,

Meteor radar observations give averaged W1nds over the whole
afhelght range 80~105 km and hence, suffer from a good height
resolutlon. The meteor rate in the rgglon above 100 km is so
pplow that such measurements require high sen51tiv1ty of the
'fapparatus . Recent measurcments (Glass and SplZZlChonO 1974
1pFelloub et al 1975) have shown that the solar semx-dlurnal
,péomponent is the most dominant mode. |

Radio reflectlon meaourements of the drlft of E reglon
,_1onlzatlon lrrogvlarltles have been employed for the determ;-
‘pnatlon of the E region winds (ec.g. Sprenger et al 1971,
’Lysenko et al 1972) But the basic doubt about these studies
f_ has been that, in the presence of propagating waves and
'pnelectrlc field induced drifts, whether the technique can be
used to detcrmlne the neutral ‘winds. |

; By tracklng the luminous vapor trails released from the
iprockets, the presence of tidal modes has been identified

~ (Rosenberg and Edwards 1964, Murphy et al 1966). Apalysis of
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e:release data (HlnCS 1966} showed the presence of a dominant
tlar diurnal tide, with an average amplitude of about 40 m/sec

achlng its maximum value at 100 km. This was supported by

‘bsequent measurements (Kochanski 1973). It was also found
tvfﬁé diurnal component decreased upto 130 km altitude'ahd
,iﬁcfeased ‘Rec ent measurements at the equator (Rees et al\
'976), however, indicate that the dominant mode is semi-diurnal

 the altitude range 90 to 160 km. The vapor releasc experi-

'éhts‘have'not been sufficient to resolve all the details as

hese are limited to twilight periods only.

Incoherent backscatter radar measurements in the mid-
,atltudes (e.g. Salah et al 1975, Evans and Salah 1975) indicate
,that in the lower E region, dominant mode is solar seml—dlurnal
cént measurements at low latitude (at Arecibo) by Wand (1976)

ndlcate that although the dominant mode is seml-dlurnal its

amplitude and phase differ from those at the mid 1atitudes.
Méééurements with the backscatter radars suffer from the limi-
ﬁaﬁion that the good results can be obtained only during the
aaytime‘ The number of radars capable of making such measure-
ﬁénts, at present, are very few, Therefore, it is desirable
#§ install many of these at suitable locations.

Eh§0rv of tidal osoillations:

Assumlng the neutral gas to be imcompressible and molecular
»isc031ty to be constant, the neutral wind velocity W is glven

,by,the equation of motion of a fluid as
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Angular frequency of the earth
' Acceleration due to gravity

= neutral gas density

- = neutral gas pressure

L}

scalar potential describing tidal forces
‘ = coefficient of molecular viscosity

't= collision frequency of neutrals with the ions

(]

Ton drift velocity

Thevterm Z.{L){fy represents the coriolis acceleration.

T@é operator

Aldt = 9ot +(b-v) (13)

 The term ( W -V) represents the transport of momentum
which makes the equation nonlincar, This term is, however,

neglected usually. The last term in eqn.(12) is the ion drag

jt¢rm which is usually important above about 150 km.
Below an altitude of about 100 km, the last two terms

?n eqn.(12) are small and can be neglected. Together with the

feqn.(12), the motion of neutral air must satisfy the equation

ot mass continuity and the equation of state describing the rate
f¢hahge of temperature to the heat input (Kato, 1966).

M fhe set of equations is solved with the assumption that

fthe tidal oscillations introduce only small perturbations in
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W, P; P and temperature, and hence eqn.(12) can be made

,lihear. ‘Neglecting the elliptioity of the earth, the undisturbed
etmosphere is assumed to be spherically symmetric and in hydro-
:sfetic equilibrium, Hence in the vertical direction.§7b/? term
ppeanCels the acoelefation due to the grevity.‘ Thus eqn.(12)
reduces to | |

A [t = —2 DXW - TV Uy

Where Al is solely horizontal. Eqn.(14) can be solved by the
,meﬁhod of separation of variables by using V- W as the

/dependent variable expressed as

VA = ,\ s !"w @ <U) 4 X”‘{ m gtﬂ.f— t{f}} (15)
: v m Yy : B
where H;f’) is the tide amplltude»as function of ¥ , the

n
radial distance from the centre of the\earth,_éimgfg. is the

.  tide amplitude as a function of co-latitude @,' T is fhef
length of the day and ¢7 is the longitude. (ﬁn;mis’knowﬁ'esat
1Hough function, expressible in terms of Legendre polynomials.
The function Eér;\has ( Inl = m Y modes between the poles
(save m = 1 case).’ A‘reversal of sign of amplitude implies

1a 180° change of phase. The oscillations must be periodic in

t and Qb and the modes with m = 1, 2, 3 etc, denote the

diurnal, semi-diurnal ter~diurnal cte, oscillatipns respectively.
The divergence of horizontal velocity is related to the

: temperature and pressure fluctuatlons gcnerated by tldes and
hence, these quantities may also be represented as a sum of

solutions as in eqn.(15). When the method of separation of
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iablés is applied to solﬁe eqn.(14), an eigen value equation
~obta1ned in Wthh the elgon values haWHhave.the dimenSions

,1cngth, termed as equivalent depth, Thus the vertically

Hhan | 77 T arl oans
scale height of the atmosphere

A iy

A

ratio of specific heats

it

altitude

The amplitude of these waves would grow exponentlally
in the atmosphere the density decreases exponentially.
‘conserve +he energy, thc amplltude must grow in the same

fashlon.

The theory of tides has been dlscussed in great detall :
“Chapman and Lindzen (1970). Tarpley (1970), and Volland andff@k

yr (1972 a b) have developed an amalytical method of studylngh’
[propagatlon of tides upward in the thermosphere. Volland and
fMayr (1977) have also reviewed thL subgeot ‘tn detail. 'Détailéd
{*oomputatlonu 1ncludlng the effects of background w1nd, |
itempcrature varlﬂtlon with the altltude, ion drag and VlSCOSltY’
’have been carried out using the full wave solutlons (e. g
}Llndzen and Hong 1974, Forbcs and Garrett 1976) Numericél
‘results have been obtained by Mayr and Harrls (1977)

In the lower most part of the thermosphore (100-125 km),
olar hewtlng due to EUV and X-ray radlatlons appoars to bc less

,lmportant in establlshlng winds than upward propagatlng encrgy
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”rom the mesosphere in the form of tides. dAbove'about 130 km,

he amplitude of pressure fluctuations 1nduced by the upward

;propagatlng tides ig diminished as a result of v1scous dlssi-‘\

‘patlon of the wave energy and the solar heatlng becomes more

:1mportant Thig source gives rise to winds that are weakly
‘coupled to those produced at the lower altitudes by the upward
;propagatlng tidal energy via the dynamo effects (Lindzen 1967,
'dMurata 1968, Hines 1974). This conslusion is supported by the

ﬁ‘observatiohs (e.g. Kochanski 1973) as noted earlier.

 Gravity Waves:

:dNeﬁfeld 1956) used for the measurements of thermospherio wiﬁd
:oshowedAan irregular scattering of speeds about the smooth .
s:.tidal oscillations., Prior to 1960, these irregular Variationss’
_ were thought to be due to the turbulence. With the lelng ’
of the turbopause level, 12ed for another mechanism to generatef
the irregular wi.ad variations was realised, Hines (1960)vgavef"
the first theoretical explanation to these in terms of the /

d, internal atmospheric gravity waves. Hines (1960) has discussed
& number of observations to reach at the conclusion‘that for

~ the small scale 1rregular variations in the thermospherio
’dW1nds, a wave interpretation is essential. He developed the

~ _theory on the following assumptions.
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fIn the absence of the waves, the atmosphere is stationanyaaf

i) The atmosphere is uniform in both temperature and

comp051tlon.

il) Super imposed variations have only perturbatlon magnltudeS‘
:(1v) Since the waves are of scale sizes smaller than the earth's
ifredius, the coriolis term is negligible. |

’e(V) The perturbations occur adiabatically.

;(Vi) The effects of molecular viscoisity and heat conduction

':are negligibly small.

Thus the basic quantltles 2y ¢ 4 W can be expresgssed as.
b= ,{T’\'o + hi i S
(' = Y\ ~+ P1 ” > N
W= W = Wy

Where the quantities with subscript zero are unperturbed values
and the quantities with subscript 1 are perturbation in them.
By choosing a reference frame that moves with the neutral wind,

we have W = 0. The various perturbed magnitudes are expressed

b P R T AT T

The terms P, R, hmand Z are the polarization terms which

b, @ . - U :
L L P — A exgggt_(\,.rz.t—iz'm .._i<22% (18)

videtermine the phase relationship between various quantities}
Kfs are the compl@#x wave numbers which determirie the amplifi-
eation‘or attenuation of the wave. h denotes the horizontal
direction of phase propagatioh, and z is upward. The bésic
‘equations to be solved are the equation of motion, equation

of mass continuity and the adiabatic equation of state,



A B N vl -
PYE 11 - .
”\':- = K ol ( f)-f 4 \(,\., v 1”) (f‘))
b - Y g -

_\Cy/c\l"‘ = - W‘Q?K\’)

e C~ is the velocity of sound in the mediums: Linearlising
thesféiequations one gets a matrix equatibn which 'giyv'é.,s the

f’o’ilowing dispersion relation |
;Q’_L\ - J’LZCQ' : l<%+ \(} )_kﬁy_,u%z ki’\ —+ { ._QL'(a kZ =0 (ZU)

s1nce the attenuation or growth of the wave should occur elther

1n the horizontal direction or in the vertical, both kh and

cannot be complex. Assuming that there is no variation in the

horizontal direction, \’ﬂ is real i.e. kh = kh . The real par

of eqn.(ZO) is then given by, U .
L ? i AN, ) (Y- h)a” Go=
—-Q_L‘.— Jz\\' -+ \QZ "(—-'h’l ) ; .-I}.\j'(}]:h.)(k.:>'+‘&\/ )J L\H O
- (21)
Imagiriary part is given by (i " C22)
_n- Vj Re (k. )— 2 7¢C Ro(Kyz) IRz )= O | e
']If n$0, it is 1mplied from eqn.(23) that either -
Re(Kz) =0 / (2¢)

2 7 =
. 2 B O O A — 12 . S}
OF T (K, ) 19 /2.( = {2 C f””‘)i“:ﬁ
v ¢t = A 3 H (23)

P\é \k7)= 0, it implies that waves have no vertical phase
rvarlatlon. Only exponential growth or decay is accompanied
which is characteristic of the surface waves and the evanescent

W&V@S .



'The waves whlch have InK’(Z )y = 1/2H can be grouped into
two geparate classes. The one whlch have frequen31es greaterﬁ &7

'han the sound waves in the medium are known as the aooustlcf]V'V

The lower frequency cut off of the acoustlc waves is

nby .
= A{af2m o= cf2H G
AL = { % f 24 = C ‘ o

The other set of waves have the Brﬁnt~Vaisa1a:fréq&ehpy

the cut off frequency, given by
nE = (-9

ﬁThese waves are the low frequency long perlod waves and are

(17)i

_ commonly known as the internal gravmty waves. For the-e wavesV

Jlt is found that the vertical phase and group velocity are
oppasitely directed., The group velocity represents the
dlrectxon of energy flow. Hence, the phasge propagatlon is ih 
oppositlon to the energy propagation for ﬁhese waves.i :
 The acoustic gravity waves have perlods lesu than about
4/4 mlnute while the gravity waves have pGTlOdS greater than
4.9 mlnute. Hines (1960) has glven the range of scale sizes
';assoolated with the gravity waves in dlfferent reglons.  At the&
 E region heights, the dominant vertical scale smze is about
10 km while the horizontal ‘scale size could e more than an .
order of magnltude larger. :

DlSSlpatlon of gravity waves ‘has been.dlscussed by

KHines (1960) and in detail by Pitteway and Hines (1963) The

mlnlmum vertlcal scale size, as predicted theoretlcally
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\Hanééxﬁ964) are nearly consistent with the observed one
{é;g.Zimmerman 1964) ., Reflection and ducting of the gravity
waves due to the temperature gradlents and the w1ndshears has
been dlscussed by Pltteway and Hines (1965) Detalled account
of‘the grav1ty waves has been given by Hines and Colleagues
(j974), and in the review articles (e.g. Rivah 1969, Francis
1975),

Dlrect observatlons on the gravity waves in the upper
atmosphere have not been satlsfactory. Very few .observations
,hﬁthe power spectrum of the gravity waves are available,
rthéble power specfrum calculations have been made by
,Spizzichino (1970). He found that the average power spectrum‘
‘-’,decreased with increasing 4L in a fashion .!'2’:8_ ;.wheré g
was 0.82 at 90 km and 0.47 at 100 km. TIncoherent radar .
'robservations in the equatorial lower atmosphere have,alsdehownf;
kthé existence of gravity waves (Rastogi.and Bowhill 1975). ’
k~observing the airglow emission from OH clouds, Moreels fnd'u'ﬁw’
.kérSe ('77)have indicated the existence of gravity waves ln the
,afmosphere. Physical Research Laboratory has also undertakep}‘
such a programme to photograph these emissions using Space Lab
g (aanSA-NASA joint venture) under ISRO (India) - CNES (France)
 ¢011aborative programmes .

The effects of gravity waves on the ionosphere are mani-
'fesﬁed in several ways, It is now believed that the trévélling
~iohospherio disturbances are due to the gravity waves (e.g.

| Hinesv196o, Francis 1973). Ionization perturbation due to the
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aSSége of a gravity wave have_beeh studied by several authors
.g Hooke 1969, Beer and Moorcraft 1972), Gravity waves.have 
zanOkGd to explaln the large scale s1ze 1rregu1arlt1es
he quatorlal " region (Rottger 1976, Klostermeyer 1978,
xékef 1979). Their effects on the equatorial E reglon have

kléb,been studied (Kato 1973, Anandarao et al 1977, Prakash and

Péndey 1979). Midlatitude sporadic E phenomena has been

,céounted for by using the shears in the gravity wave winds
(Whitehead, 1961; Hines 1964)., However, the electrodynamic
effects due to the gravity wave winds have not been satis-

actorily understood especially in the equatorial E region.

Dynamics of Charged Particles;

It has been pointed out earlier that the motion of a
 charged particle in the ionosphere is governed by the electric
fénd magnetic fields and by the neutral dynamics. We have
fglready given an account of the neutral dynamics. The electricf
\fields in the ionosphere can be of two types, the large scale
 andkthe small scale. While the large scale electric fields
fdéoide the global current pattern, the small scale fields
ﬂcdntribute to the localised phenomena. Generation of large
"éaie electric fields can be explained on the basis of the
dynamo theory which we will discuss later.

Besides the electric and magnetic fields and the neutral

air motion, the plasma diffuses under the action of gravity
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aﬁd due to the gradients in its own partial pressure., The
eléctfical forces keepwthe diffusion‘of both types of Charged o
iidles with thevsame.Ve10citY, + resulting in ambipolar ‘ .
“fﬁéiOh Whioh, dﬁe to the collisiong of charged particléé,

with~the neutrals is mostly alohg the geomagnetic field lines,

’f The equation of motion for ions and electrons in the
édpilibrium state can be written as (Rishbeth and Garriott 1969)

N

— MV V- J—me U (Vie-Ve) 2 RE))

. : . T Ve X [
me Ve ooy, G - ,’3‘" V(N RTe) +e(E+Ye B)
db - - € , - .
= Yy Yoy (Ve - i) = g Yoo (Ve - V¢) (?3)
where Ni = Ne = N = plasma density

T = Temperature of the particle

<
i

Boltzmann's constant
" = mass of the charged particle

€ = charge of the particle

<
]

velocity of the charged particle
V= collision frequency between particles (i.e. 2J¢h 

denotes collisions of ions with the neutrals etc.)ga

Conductivitics:

Eqns.(28) and (29) can be solved using simplifying
;aSsumptions (viz. neglecting terms with gravity, partial

Pressure). The simplificd equations can then be SOlvéd for
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V| and ¥e to give current, given by

J = NelVe-ve) , » (%0)
UéihEVOh&L's law we get . _ |
)= gL g o

. Y |
where U is the tensor conductivity, and § is the total
éléotric field given by

o
%)

Thé”bbhductivity is anisotropic due to the presence of the
geomagnetic field.

| Ean.(31) can be solved in a chosen.coordlnate system
*(Feaer 1965) to obtaln the relatlonshlp between various current
_components and the total electric field in that direction.
These relations give the components of the tensor‘conductivity,
 EwhiCh are ¢o , Up and G4, in the direction parallel to the
ﬁimagnetio field, in the direction of the electric field & and
' in.the B x E direction, regpectively. The conductivity

,components are given by

S o= N&U/R +1[Re)

% = nef rdonss) - frs)
| O, = _ry;cg 1{C{+RE) — {/(HFH)f
where =

Ko = y(‘»/ka‘ (3 /4)

’ Re - Ue [ﬁi‘la

() being the gyrofrecuency of the charged particle and

. u L " ,
?J(' pusy ))l¥7+ )’ke. ) (-‘—5%)

Yo = Yeu + Vel
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érms>of conductivity components of eqn.(33), O is

;5séé as
/ ":r\_‘p - Ty 0 ‘
g — (-7.-\,( C’_":: O ( A0 ) '
| © O o /

Dy mo Theorz:

 The dymamo theory was proposed by Stewart (1882) to
éﬁnt for the daily variations of.the geomagnetic field,
ebséfvéd on the ground. The dynamo theory was devéloped;
vantitatively, by Schuster (1908). Despite the difficulties
ssééiated with the theory, the basic mechanism proposed 1s

n a sound footing., We give a brief account of the theory,

1sed on the lucid treatment given by Rishbeth and Garriott

1969).

At latitudes above about ‘350, tidal winds in the
1¢nosphere blowing horizontally across the vertical componen£f  
Qf‘thﬁ carth's magnetic field, generate currents which tend to
1Qw at certain longitudes towards the geomagnetic‘equator
ahd:away from it along other meridiaus. Bquivalently, a wind
i"ﬁlowing across the geomagnetic field induces a field W x B
which in turn drives a currentgffﬂ xﬂ%%). The curfent produced
by the wind alone need not sa;isfy'iﬁizx)everywhere at a given
'instant of time. At any point where <7-J £ O , the charges
accumulatets produce a polarization field E ::”<7¢% which ‘

médifies the current flow until \/.J=0is satisfied. At low
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iatitudes the closure of current system ié brovided'ﬁ§ flow

- alohg the paraliels of the latitudes. The médifiedvéurrent;
f:thChkis non divergenf’and horizontal, is expressed inwtermsﬁof
fhe 1ayer'cdnductivity tengor () ’ and the total eleétric field
(E+ ¥ xB), by
s ol (E 4w X B) ey
The above mechénism of generating fields and currents is

: termed dyname theory because the mechanism is similar to that’
of dynamo, in which the earth it self is a magnet, the moVing
air is the armature, of which windings are'répreSented by thé
convected conducting ionosphere.

The dynamo field (which is large scale field) can be
mapped into the F region through the condueting lines of
‘géomagnetic field. This field causes the plasma to drift in
the F region. The drift of plasma in the F region is‘ahélbgou$'
to an electric motor running without a load. Thus E region
is the "dynamo region' and F region is the "motor region".
There is a "motor effect" in the dynamo region itself,
since the éurrents also flow in the earth's magnetic field,
This might be said to be the result of forces analogous to the
fermature action® in a commercial dynamo. | -
The dynamo theory, as proposed above, ig over simplified
and hence idealized. There are numerous difficulties, both

- in the assumptions and the results obtained, with the theory,
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.The theory has been improved upon and suggestions have been

;fmade to make it compatible with the observations (e.g;Murata,
 ,1974: Stening 1970; Schieldge et al 1973; Lindzen and Forbes;
1976; Richmond ct al 1976 etg). '

 Bquatorial Electroiet:

Since the vertical extent of the conducting E layer is
limited, Baker and Martyn (1953) have used the height integrated
| layer cqnductivities to describe the theory of magnetic variaes:. .
 tions, A horizontal electric field E will give rise to an |

‘; electric current (7. £ which will have an east-west as well as

a verticalﬁcomponent. Since the current cammot flow in the
vertical direction, the charges will accumulate at the boundary
giving rise to a polarization field., This polarization field,
in turn, modifies the horizontal current. By imposing the
condition of zero vertical current, the conductivity tensor

reduces to a 2 x 2 matrin given by

U LRV =
(7/': { %K fJ ) : (3%)
| = Ny Gy |
- where x and y are due magnetic south and east respectively and
- RN |
Uy vy T s -
HoX T, %
(G Sant T4 Co87T)
, . ;
S N o ' or o2 e Cre ,
M A R ™ g\ Y)I/ ( Voo iy T 4+ 0 P Cuig L ) (?)q ) :

s
- -

) 3 e e 2
‘;'\'1 ‘f - (7(""‘ ‘:/C{)&I / ( (7 a S,.\»\.z\é I “‘X" (}P (U‘S I )

I is the dip angle. At the equator we get,
T = S 5 Gy =0 (40)

-~ — - 2 — ¥ N
Ly vy o= s /(3 > + Up = U5

-
N
ot




hﬁé/the east-west conductivity at the equator is very large,

quéifto 0z the cowlling conductivity. In the electrojet

(N

,
egion, Uz is comparable to Uy . The highly conducting
sffip along the magnetic equator is known as the equatorial

lectrojet, which is confined to a width where

S e e A
0 SintT << §p 08T S"r-}-,

Suguira and Cain (1966) developed the electrojet'model \Q”‘fi
ﬁased on assumption of the Layer conductivity model,'vii, zeré ‘:
éftical current and the absence of electric fieldgin fhe’north ’
jéuth divection, It was shown by Untiedt (1967) that ﬁhese
agssumptions were inconsistent as they lead to strongly divergent’
carrents in the north-south direction. The model of Untiedt
!(j967) took into account, the meridional currents. This model

was further extended by Suguira and Poros (1969). Richmond

(1973) developed a rumericel model of the equatorial electrojet.

Thé equatorinl electrojet has been subject of extensive
studies. A host of electron density irregularities areJknbwﬁ\
Efo.be associated with the equatorial electrojet and the
equatorial E and F regions. Generation mechanisms of these
are not, as yet, fully understood; as will be discussed in the

Lfélldwing;chapters.
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CHAPTER IT

fINTERACTIOh OF GRAVITY WAVES WITH THE IONOS PPLRIC E REGION

'PLASMA AND GENERATION OF ELECTRIC FIELDS AND CURRENTS,

btrddﬁotion:r

' This chapter is devoted to the studies of electron density
‘1fregularities in the E region, with an emphasis on the equato-
:fiél E regioh irregularities. Experimental observations on the
:1rregular1t1es are discussed in the light of theoretical
kexplanatlons put forward and thelr deflclen01es are p01nted cutoﬂF
T:The maln emphasis in the ohapter is on the three dlmen81onal .
~ model, developed to study the effects of gravity wave winds on '
the E region plasma. The sectionwise breakup of this chapter"
is as follows.gﬁi

Experlmental and theoretical studies on the temperate zone
' sporadic E are discussed in section 2.2 .

Séction 2,3 is on the equatorial sporadic E’infwhich,
oﬁsérvations and theoretical explanation to these observétions
are discussed. | . ; |

In section 2.4, earlier studies on the effects of the
_gravity wave winds on the equatorial E region are briefly
discussed.

In section 2,5, a three dimensional model of the
interaction of the gravity wave winds with the E region plasma

is developed, detailing its basic concept and the theory.
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_‘The E reglon has been a subject of active study from the
early days of 1onospherlc research., Ground based ionosonde
were used to determine the electron density profiles in the :
}eglon. Appleton (1930) using the ground based ionosonde il
erVed'the abnormal layers in the electron density around _
”Rm:in the nighttime. Later studies showed the presence of
}e layers or patches of ionization in the E reglon, at
ights of about 100-120 km, which didnot relate to the normal
ytime 1ayers. Because of the irregularity of its behav;our,f
?,is Phenomenon has been known as sporadlc E or Es. Sometlmes
eE appears as sheets of ionization blanketlng the overlying o
F layer rm the 1ong;rams.. At other times it may be patchy aﬁ&xfﬂﬁ
7ertially transparent, Much of statistical data has‘been
iccumulated over the past decades on various aspects of the |
lporadic E phenomena. These studies have helped in egtablishing
hat E is a world wide phenomena. Smith' (1957) has claseified

;Alnto equatorlal temperate and aurcral zone type, although

he boundarles are not so clearly defined. It is now belleved
;that the causatlve mechanisms of the sporadic E in the three
different zones are different. A detailed review of the

sporadic E phenomera has been given by Whitehead (1970).

fTemperate Zone Sporadic E

fqusing the groundbased ionosonde and radars the occurrence
:§tatistics of the sporadic E, that is, its variation with the

_ﬁime of the day, season and sunspot cycle; and various features
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iké tHe height, its variation with the strength of the

agﬁeticjfield etc; have been studied extensively. 'Thefﬁﬂ*

fitude regionkof their bccurrence has been studied‘usingvthe'
éifﬁ\techniques (Pfister and Ulwick 1950; Aono et al 1961;
‘oﬁ 1962 Aurby et al 1966 Smith 1966 Bowhill 1966;

Smlth and Mechltly 1972)

ggg;Wind Shear Theory

% ',Severa1 theories haVé been proposed to‘éxplain the
fofmation of sporadic E layers. Dungey (1956, .1959) Proposed
that the north south shears ‘in the north south w1nd can
compress the ionization to give the appearance of a layer.
Th;s_mechanism wag found to be ineffective in the E region and

\éﬁée‘given up.

Whltehead (1961) proposed that a height varying east west 
iW1nd that 1s, the vertical shears in the east west w1nd, can
xredlstrlbute the E region ionization and produce the iOnizationi
layers. | -

. In the E region, the neutral wind drags theriOHSféioﬁg7With
it because the collision frequency of ions with therneutralﬁﬁgn)
fexceeds the ion gyrofrequency (-2{ ), The ions experience a
,Lorentz force W x B, where W is the neutral wind ve1001ty
'nd;g‘ls\the.geomagnetic field, in the vertical direction,
'Uﬁder\the combined action of these forces, the ions move in a
}fveftiéal direction determined by © ;.txxﬁfiﬂllifﬂ{n), ir ﬁhe

wind changes the direction with the altitude, then the iOns,;



eyéompfessed within the shear to give the appearance'of a

yer} Since the electrons are constrailned to move only along
ﬁitheﬂE region (e, << fip ), the neutralization of space
gé“fakes place due to the flow of electrons along the
eomégnetlc field lines which are 1ncllned in the mid latitudes.
It is this mechanism which is now believed to be respon31b1e
/orfthé formation of ionization layers and has been known as
‘he¥Wihd‘shear theory of sporadic E. However, this theory is
'lSd not without difficulties. Several obJjections and
vancements have been made in the original wind shear theory
[f*whitehead. Axford (1961, 1963) developed the theory along
fmilar lines considering the effects of diffusion and
/ omb1nat1on. He pointed out that the theory should not work
,at the geomagnetlo equator., He also proposed the cork screw
,mechanlsm for the downward transport of the piasma. The |

theory was developed in detail by Chimonas and Axford (1968)

,Hlnes (1964) gave the physical picture of the mechanism as
 d1scussed above a.d peinted out that dhe 1onlzatlon oonverges
Waf the point where the wind shear has a maximum negatlve value.":
fLayzer (1964) objected that the recombination coefficient of 7
 ﬁhe major ions, as demanded by the wind shear theory was an
Ordefﬂof magnitude smaller in value than the experimentally
'vefified values. He also pointed out that, in.contradiction_
 £6 the theory, while the peak electron densities were several
 t1me° the back ground, the minimum densities did not seem to be

 1ess than the background. Axford and Cunnold (1966) suggbsted
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‘hé meteorio ions of long life times to overcome the objecﬁ16n ?
aised by Layzer, Mac Leod {(1966) took into account, both the
1nd‘shears and the height variation of the ion neutral 00111s1on
,quency. Kato et al (1966) considered the effect of a super-
meSéd electric field on a gravity wave motion.

. It is now believed that the metallic ions are very impor-
tahi to the formation of ionization layers.

quatorlal Sporadlc E:

Early ionosonde studies of the equatorial E region
evealed that the equatorial sporadic E occurs during the day»
“1me almost every day (Matsushita 1951; Rawer 1953; Smith 1957;
Ratoliff 1962Y. Rawer (1960) found that around the dip equator,
'6¥adic E becomes transparent over a wide range of frequencies.
/’deérease in occurrence of the blanketing E from 6° dip down
to the equator was reported by Knetch and Schlitt (1961) and
’Béndyopadhyay and Montes (1963). It is now known that the
_GQﬁaﬁorial sporadic E consists of blanketing type, called‘ESb,

%apd transparent type, called E__. Matsushita (1951) shoWed'

‘ 5q
that the intensity of the E__ is well correlated with the

8

 51ectrojet strength. :

. VHF forward radar studies (Cohen and Bowles, 1963) over
fﬁnSequatorial path showed their generation in the altitude
;ﬁéé of 95 to 100 km, a range agreeing well with the electrojet
’@urrent system (Singer et al, 1951). With an oblique looking

radar at Huancayo, Peru, it was found that the E region

 irregularities are strongly field aligned (Egan 1960), confirming



52

,eerlier ?rediction, The equaﬁorial electrojet irregularities
e aSSOClated with the east west 91ectrlc fleld Wthh drives
electroget The 1rregular1tles are present both durlng the
day and nlght when the electron den51ty are greatly reduced.

| Slgniflcant contributions to the equatorlal electroaet
"egularltles have been made by the VHF backscatter radar at
apérca, Peru. These studies have helped to determine the :
pétial distribution and drift velocity of the irregularities
éSides their various features, The Jicamarca backscatter radar
perates at 50 MHz which corresponds to 3 m 1rregular1ty scale
ize, On the basis of the spectral characterlstlcs, the
;rregularities have been classified as Type I.and’Type II
(Bowles, 1967; Balsley 1967; Balsley 1969). Recently, the
eduatorial electrojet irregularities have been studied using the”
 ackscatter radars at Thumba, India (Prakash et al 1973; Murall-l'
ﬁlshna 1975) and at central and east Africa also (Crochet et al
1976 Crochet 1977; Hamuise and Crochet 1977, 1978).

“ The type I spectra are characterised by a narrow returned
power band of frequencies, Doppler shifted from the transmltted
frequency by about 130 Hz. This Doppler shift corresponds to the
drift velocity of the echoing region, close to the ion acoustic
;Velocity in the medium. The Doppler shift was found to be

fihdependent of the antenna elevation angle, The type I spectra

-are observed only when the electrojet currents exceed a
itical value.

Power spectnm of the type II irregularitics is broader
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ﬁ thé“fype I and these irregularities were found to drift
'z§htally (Balsley 1967). The type II spectra dominates the
k'when the electrojet currents are weak and also when the
tenna ig pointed in the vertical direction. A detailed study
,;ﬁe region of occurrehce of the type II irrcgularities wés

,‘ éd out by Fejer et al (1975) using the rénge time intensity.
Tgrams. These studies showed that while during the daytime the '
10es came from more or less one continuous regioh; in the

\hg and nighttime they came from different altitude regions;“‘:

Rocket Results:

_ With the establishment of the rocket range at Thumba, India, 
nééf’the dip equator, a new dimension to the study of the equato— 
riélkelectrojet.irregularities has been added. A comprehensive
study of the ionization irregularities in the D and E regions has
béen carried out by Prakash et al (1970, 1971, 1977, 1979). k
Thése studies are basic to the understanding of various phySical
pfocesses responsible for the generation of different ioniZaﬁiohwﬁ,
reguiarities. The groundbased studies, using ionosonde and

; ckscatter radar, are inadequate in this respect as,thesé”étﬁdigéé
5bY,themse1ves, do not give the localised parameters»bf the medium
hioh have a direct bearing on the generation processes of

Varioué types of irregularities. Thus fhe ground based and

insitu studies are complementary to each other.

The rocketborne studies of the irregularities using lLang-
muir probe, resormance frequency probe and magnetometers (Prakash'
ét al>1oc.cit) have given the shape, size, spectrum of the

egularities and their relationship with the ambient parameters
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he electron density and gradients in it, electric,fields

'ctroaet irregularities. Howcver, there are many»rcgkg;;observauf

‘mﬁde by Prakasgh

le size and generatlon mechanisms, has bce
l‘(1973) in which type M irregularitics have a scale size
nge of 30-300 m and type § have the range TejS m. The
classification is listed below. | |
Large scale irregularities type L, (scale 31ze>300 my.

f  Dueito cross field instability mechanism (type Mc and Sc)
: Due to streaming of electrons (type Ss).

Due to neutral turbulence (type Mn and Sn).

’Rocket induced irregularities.

cories of the Equatorial Electrojet Irregularities:

f[Tp‘explain the type I radar echoes, a theory of two stréamv
asmé~iﬁsﬁability was proposed (Farley 1963; Bunneman 1963)
;WhiCh'requires,that the relative drift between the ions‘ahd
r91 ¢trons should exceed the ion acoustic velocity in the medipm}'j'
H WEver, the rocket observations (Prakash et al 1971) show-tﬂéﬁ7‘
he threshold criterion for the excitation of two stream plaé@é

tablllty was not satisfied, yet the irregularities were

Several theories have been proposed to explain various
atures of these irregularities (Rogister 1971; Sato 1972;
ein Stock and Sleeper 1972; Kaw 1972; Lee 1972).
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The type Mc (Rocket borne) 1rregular1t1es are belleved to be

due to the gradient drift instability (or cross field 1nstab111-
iltY). ThlS ingtability mechanism was first proposed by Simon |
1 (1963) and Hoh (1963) in a different context. The gradient .
drift instability, operates in a plasma, if the gradients in thef
’electron density are in the direction of the field, Rocket ‘
. obgservations by Prakash et al (1970) confirm this feature of th31 
’ irregularities, The linear theories of gradient drift

" ingtability, in application to the equatorlal E reglon 1rregu-
larltles, have been developed by many authors (Maeda et al 1963,"
:;JKnox 1964;  Tsuda et al 1966; Reldm1968, Rogister and D'Angelo
”5970).‘ These theories could expléiﬁ*the fype Mc irregularities'
alone. To explain the type Sc and fype'II'irregularities,

Sudan et al (1973) developed a two,stép theory, Buﬁ_this theory;’
suffers from the use of unrealisti¢7parameters for the -
calculations as has been pointed out by Sinha (1976).

Me Donald (1974, 1979) performed 2-dimensional computer

simulation of the type II irregularities. Non linear effects

have been considered by Sudan and Keskinen (1977).

 3 Other features of equatorial E region irregularities:

Rocket experiments for the study of nighttime equatorial
E region have revealed the existence of layered structures in
the electron density profiles (Sinha 1976). The most illustra-
tive example of guch layers of ionization (Prakash et al 1970)
is shown in figure. 2.1. In some of these layers the electron

density varied by over an magnitude, The vertical half width
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of”fhééé 1ayer§ was 3~4.km,'with a horizontal extent of morgw:‘
 thén 50 km in the east-west direction., Such 1ayéred structureél
 in;the electron density profile at the equator were not reported
iearlier. Attempts %o explain the formation of ionization layers
 in‘the equatorial E region were initiated by Kato (1973),
;followed by Anandarao et al (1977), and Prakash and Pandey (1979)‘
ﬁsing the neutral winds of the gfaVity wave origin.

o The studies with the backscatter radar in the equatorial
electrojet region (Reddy and Devasia 1976) have indioated4the‘
“existence of fluctuating currents with periods,similar to those
, of the gravity waves, The current in a given region may be |

; considered to bé compfised of two parts. One is due to the large
scale global wind system and the other due to the local winds.
The currents due to the large scale wind system may be inferred
from the ground based and rocket borne magnetometers., However,_
~due to inherent limitations of the techniques in use, it is ' |
difficultvto determine experimentally, the currents prodﬁoed

due to the loﬁal winds., Therefore, the effectivenesé of the

~ local winds in driving current is not known experimentally and

can only be estimated theoretically., The knowledge of the local
currents is very crucial fo the understanding of certain plasma
instability processes responsible for the generation of the
ionization irregularities, One such mechanism is the the fheory ,
of two stream plasma instability (Farléy, 1963; Bunemann, 1963)
which has been4cohsidered to be the likely candidate for

explaining type-I radar spectra . For this mechanism to be
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_operative, the relative velocity between ions and electrons
should exceed Y, (L4+Y¥), where Vg is the ion acoustic velccity
in the medium and %= R; R (Rogister and D'Angelc, 1970).

The studies with the rocket borne probes have shown that -
the average velocity of the electrons relative to the iong was
not sufficiently large as to meet the threshold réquireménﬁ
for the generation of two stream instability (Prakash et al
1971), It is therefore necessary to look for the précesses,' |
which could give rige to localised streaming of the charges
(or currents) in addition to that due to the large scale elec-
trojet currents,

Gravity Wave-Ionosphere Interactions

The gravity waves play very important role in.fhe,upper‘
atmosphere and these have been used to explain mahy eﬁperiméﬁtal
observations of ionospheric D, E and F regionsz(Hines, 196@5. |
In recent years, the problem of interaction;g;utrél winds wifh
the ionospheric plasma has received increased attention and
their effects on the equatorial electrojet have been evaluétedjv
using various models (Richmond 1973; Forbes & Lindzen 1976:
Anandarac 1976; Reddy & Devasia 1977; Prakash & Pandey 1979).

The wind sheary theory (Whitehead 1961; Axford 1963)
which is usually invoked to explain the formation of ionization
layers at the mid-latitudes has previously been considered |
to be not applicable at the equator because of thé special
configuration of the magnetic field lines there., It was

believed that, at the equator, the shorting of the polarization
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ieléjgjdoés not take place and nence the field gets fully
”dQVGloped. Such a polarization field wGuld cancel out the wind
fihducéd field W x B,{in the frame of reference of the wind)

 1 Q. the total electric field l molz A XD = O where ﬁ?ﬁ
&;g]the e¢lectric field in the frame of reference of ﬁhe wind,

u i the wind and B is the geomagnetic field., From the /'
":.yffkollowing equation for the ion velocity (Kato, 1965)

.'r.._.. i e e

&(@ng‘) } \%L R p& J

kwhere‘y( is the ion ve1001ty and R is the ratio of ion neutral
collision frequency and ion gyro-frequency (Equatlon (1) 1s '
valid for electrons also when Ri is replaced by - RG), 1t can .
 be seen that for a constant plasma density, the ion convergengegffﬁ
AN o
k

rate, when &t =C  is glven.by TV = O : (2) -

gince the winds of gravity wave origin are nearly non divergeht?f 

(Hines, 1960) hence (%)
u&yg:<3 i
_ therefore, when ; -*(), the winds will not give rise to the

 (aécumulation of ionization. Later on Kato (1973), taking into
account the curvature of the geomagnetic field lines, pointed
out that the vertical polarization field E, would not be fully
developed even at the equator due to the partial shorting of
the polarization field by the electron currents along thé
‘magnetic field lines. The partial shorting of the wind‘induced‘
polarization fields at the equator would mean that the gravity

wave winds would give rise to electric current, the importance
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_of which has been emphasized earlier, Using the winds of
gravity wave origin, he calculated an efficiency factor-R,
given by

(4-)

for the production of the net vertical field in the frame of

R= (B +wxB), [C(wxp),|

'reference of the wind, He found that R has a non zero value
even at the equator. Tts value is zero when Az=0 and
~ reaches an asymptotatic value for A- > 20 kms. He, théreforebv'
suggested that the wind shear theory)in forming the ionization
1ayers)is applicable even at the equator, though with muchfleSSér ’
efficiency as compared to that in the mid-latitudes,
Anandaraoc et al (1977) developed a two dimensional mbdél“~

of the interaction and calculated the parameter R( aé defined ,
above) and the ion convergence rates at 100 km, They concluded
that the results of Kato (1973) were an over estimate. Kato
(1973) has neglected the horizontal wavelengths, both north-
south and east-west, while Anandarao et al (1977) have not
considered the north-south wavelenth, Kato ( 1973 ) also
‘neglected the north-south and vertical velocities; Inclusion4
of the wavelength along the geomaghetic field line is very
importéht, as was demonstrated by ?rakash and Pandey (1979)

and is discussed in detail in the following sections. |

| The gravity wave induced electric fields, at a given plaCe,’
can have their origin )

(a) due to the local gravity wave winds

(b) due to the gravity wave winds present in some other region




of the ionosphere
(c} due to a combinaticn of situations (a) and (b).

We treat the situation (a) and (b) separately. In this
chapter, cffects »f the local grévity wave winds, situation {(a),
alone are discussed. The problem of generation and transmiﬂsimm
of electric fields, the situation (b), is discussed in
- chapter III, separately.

In what follows, the interaction of local wiﬁds (gravity lﬂi 
wave winds) with the ioncspheric plasma is studied using a
three dimensional model. The electric field, current, stréaming_
velocity of clectreng relative to ions and the plasma conver-
gence rates resulting from this interaction have been calculatgd ;
using the winds of gravity wave origin. The results of these
calculaticns which are applicable to the gravity waves of
medium gcale gizes are different, both qualitatively and
quantitatively, from thosc obtained earlier(Kato 1973

Arandarac et al 1977) .

The Three Dimensional Mcdel:s

The field line geemetry

The present medel has been developed assuming the magnetic
field to be homogenecus i.e. the magnetic field lines are
gtraight everywhere. Although the geomagnetié field lines
are curved, these can be assumed to be étraight if the bending
of the field lines (h) over half the wavelength ( ~ux[2 ) alqn§
the magnetic field is much lesg, say an order of magnitude, |

than half the vertical wavelength - [z,




‘Bending of field lines (h) over half the wavelength
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using the formula given by Alfven and Falthammer (1963) and it§
}value is listed in Table-I for various values of Ax/2 . 7
?COPPOSPODLnglY, the lower limit of Aﬁ/h_for which the bendlng
of the field lines can be ignored is also listed. Noting the '

wavelength ranges which can exist in the ionosphere-(e.g.Beer,f

values of horizontal wavelengths are not at all serious.
According to the earlier theories, the homogeneous magnetic

field will be most favourable for the full development Qf the

polarization field, thereby meking R = O at the equator.
” ' Howevér, the following discussion shows that in the dase of a
3-dimensional model, this is not true,

We choose a cartesian system of coordinates in which X=-axis
is along the magnetic field, y-axis is horizontal and is toward
magnetic west and z~axis is perpendicular to both x and y axes.

It may be pointed out that the x-axis will not be horizontal

except at the equator. The gravity wave winds are generally

defined in the cartesian coordinate system where two axes are

horizontal and the third one is vertical. Let such a reference

system be denoted by », 4 and 7/ . Let yLaXis be same as

~ the y-axis, ziaxis is in the vertical direction and x/ towards
magnetic north, The gravity wave wind, in this coordinate

system can be written as

The bending of the geomagnetic field lines was calculated

1974), the restrictions put on the values of >w1/2 for vari@us
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1 (e ; . v ! o ;
- where E&: is the wind vector having components \Jowg\wpy,Mdg;
o f | ; , . Sl
and ij gt kf  are the components of the wave vector

in the respective directions.,

Transformation of the gravity wave winds:

The wind given by eqn.(5) can be easily transformed into
the x, y, z coordinate system by rotating the x; z'axes in the

plane perpendicular to y-axis and is given by

W= W exp {1 C(eob- ko= kyy-tk,z) (&)
where \I\IC W - \\' ‘I}(‘ (:,. — \\} (x/;i q
R A
\‘/A‘v’(:, 7. \,/'\I (3/ i (\_ -+ \‘J [v1a ~\:.‘
- Al
ey = Y. -24_ C- Rz S

'

k. — L-';/ ¢+ [2 1/t

7 -

¢ = (T 5= S T

I is the dip angle, positive in the northern hemisphere. In thé
icnogphere, the ratio of the collision frequency to the gyfo«
frequency for electrons is much smaller than that for the ions.
Therefore, the neutral wind in the ionosphere gives rise to
charge separation and the re-distribution of the charges. If

the polarization fields thus produced are assumed to be electro~

static then
E = - ( ”

As the plag;a parameters and the magnetic field have been

assumed to be uniform, the potential * can be assumed to be
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of“thﬁ“came form s Thelwind and can be wrltten as

= (¢, +/<i‘u_)u!v (- .f<2-y'-"<"-(~“/f' ‘7‘)2 ( 3

’iwhere qu and Cic/ are real constants. From the equns.(?) and
;:(8) it can be seen that electric field will be present in all
the three directions. The presence of an electric field along
the magnetic ficld may look surprising. HoweVer,'its préSenQew
V¢an.be visualised from the following discussion,

The gravity wavé winds given by eqn (6) can be resolvéd
in two directions, one parallel to B, and the other perpendlcularﬁj

to it. This can be achieved by rotating the v and z axes 1n the

- pléne perpendicular to x by an angle A such that "fuu&
If X %,7] is the new set of axes, then the transformed com; 

. ponents of the wind will be given by

’ Wi = Wy, ex (-n%‘lf (k- Ry — R % AR ey }\} |
Wz = (Woy Cosk + Woz Link) expih (e~ lkuoe- e g -Ra)) |

AN n = O (C/})

Thus the wind velocity in the plane perpendicular to B is only
alongda axis, however its amplitude changes sinusoidally as

one moves along any of the three axes,

3

The ion motion:
Let us consider the effect of a neutral wind on the motion

of ions and electrons when the polarization fields are small,

It can be seen from eqn.(1) that the wind along B does not

result in any charge separation because both ions and electrons
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I move with the same velocity in that direction.
As can be seen from fig.2,2 that Re<< Ri. Hence from
'“éqn;(1),vthe motion of electrons in the plane perpendicular to
 B, is negligible compared to that of the ions. Also, due to
the wind Wz the ions move with velocity VJ%\%%/(L+R3J and
,xﬁa R(/<1:+R§) along § and Y| directions, fespectively. The
resultant direction of the ions will therefore make an angle ©
_ with the'% axis where Q<:*m@1‘(—:L/Rg). Therefore, if the
axesmgard'q>are further rotated by an angle @ around the
X-axis, then the ion velocity components in the new set of axes

{:?C)§I)WJ can be written as

g S ,

\/%r = (Voz, Cos6 4+ Vor Sint) axp{'i QbR ke r g/ 0 )f
\/'yi = O : (LQ}

Therefore, in a plane perpendicular to B, the ions move only in |

the'%[ direction. It can be seen that although the motion of

ions is only along "g', its amplitude varies sinusoidally as

one moves along any of the three axes ‘Xg'%/aud YU . As is

evident the ion convergence takes place at the nodél points of
 these sinusoidal variaﬁions. In fig.2.3(a) the horizontal

and vertical lines are drawn every h@?z and AMJZ- distance

and the direction of motion of the ions is shown by arrows ih

the 71§/ plane. A similar picture is valid for the'ﬁlﬁf plane,

though not shown in the diagram. It can be clearly seen that

the regions with excess and deficiency of positive charges
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occur every half wavelength.as one moves along the magnetic
fleld axis x and the axis ?ﬂ . - The ion motion in two’XQQ{planes
separated by A /2 is also shown in fig.2.3 b. Here also, the
excess and deficiency of charges occurs every half the wave- |
1gngth along the respective directions., This excess .and
éeficiency of charges gives rise to an electric field not only
faiong ?J and T)/but also along x which is the magnetic field
idirection. The electric field along B will result in an
vélectron current along the magnetic field lines due to very
' 1arge parallel conductivity for electroye. This current will
 thereby reduce the polarization fields. Thg electric fields

' in the perpendicular ?1ane will give rise to a small electron
ahd ion current in that plane, These currents will modify the
direction of the conventional current in the plane perpendicular
to B from direction %;' to some other direction, say &4 . The
'argument as given above still remains valid if a proper set of
orthogonal axes is chosen,

The current denéity J, in terms of the total electric fiéld@

E is given by

— PR W W 1 -
Jo= GG 4+ KR 4_:;lkt % ) (14
where ¢, . 7 and ¢, are the parallel, Pederson and Hall
“conductivities respectively. !l and L denote the components

paréllel and perpendicular to the magnetic field. Also

Joi=o | (12)
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using equations ( 6, 7, 8, 11 and 12) we get

(13)

Cﬁj; = (5% JﬁﬁﬁgjngZ'ﬁbzwdﬂﬁ)*’gz'QKUVJOV‘%hZh&UZD
S Gkl o (ke b2 )
CQ.LL<+(q;§hj4—k§) (1n)

using the condition V/.W=z=C(Hines, 1960), <$JLoan,be rewritten

as

G = _ U | (kT kS thcky 1) 407, ke, v § \'
: T R+ 0p(kitkz) 1
(15)
where 1 = W OX_/ Woy
  kIn deriving the above expressions we have ignored the gradients
in the electrical conductivities.
The electric field components can then be obtained using

equation (7) which reduces to

£ = = Ry dy, exls i@t Rex-kyy-kaz) |
- — _j —Q_E-‘ K X — R \)‘ *T‘_’z‘) ; .
L \j - \\7 CPQ? H))N . C ) - ( _l_ S )

Ez_i 4%& ‘“XLK&LE’kaﬂ—hjj#hzz

A

From eqn.(15) and.(16) we get

o ‘«‘6 )”\x + O p( <g, + k% ) 5
As Kato (1973) has retained . vertical field E: only, the

factor R in his case can be used to determing extent of

shorting. In our model calculations, the factor R does not
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have a unique value as the field is pregsent in all the three

lirections and the factor R does not convey the same meaning

is conveyed in his case., Nevertheless, for compariscn we

W , .
e B k(b - mkylogkd)
L xB), o5 k¢ *L;(Wr+k”)

)
)f..

)|

Pj _ C\’\} 3 }’?X; g L{j\r’\;oj (.UO LZ ,_(JPk\_j J_...CT‘ (,<
f\Jxls by kaWer o 0 kiy o (kisk2)

It can be seen from eqn.(18) and (19), the factors Ry = Ry :

zation fields, Ey and E are fully developed. The electric
‘_currents due to the gravity wave winds can be obtained uulng

eqn. (11) and arc given by

| — N

- P (J 'Lj [”"" H <?(\; ),

by = B4 BW, )~ O (Ey — 2w ) R4
- . N - ;- &

“"- - l"'—/_”‘ ‘ a2 ST v (2 \'z) .

Results- and Discussion

The electric fields, currents and the drift velocity of
~ electrons relative to ions were calculated at the equator, at
‘ ,eaCh altitude separately,by assuming gravity waves with the

given parameters., The envelopes of these parameters are shown

’vhen kx"= o, RZ = 0 and Ry = 0. Thus when kX = 0, the polari-

e

0

—+ Wi (iq )




in fig. 2.4 through 2.6 . In these figures, the solid and

dotted portions of the curves have been used to represent the

_parameterg are drawn with solid curves when they are in phase

with the wind and with the dotted curves when they are 180°

_ out of phase with the wind., 'r' denctes the region where a

reversal of phase has taken place.

In figs.2,7 and 2,8 , the results of the present studies

The variation of ion convergence rates per ion with altitude at

varies latitudes is given in fig.2,9

The elactric fields.

The electric fields can be calculated using eqns.(15) and
(16). Fig.2.4 gives the envelope of the electric field
components. For these calculaticns, we have assumed
%x":.;xy = 100 kms, Az = 5 kms and woy = 100 m/sec. Using

VW =0 one can calculate Wox @nd W_ which in this case
'would be 100 m/sec and 10 m/sec respectlvely. Since we have
OhosenkX = ky, the corresponding fields on and Eoy are also
equal. The field Eoz is greater than the field EOX or Eo
by a constant factor kz/ky.
It can be seen from fig.2,4 +that the electric field
components do not maintain a constant bPhase relationship with
~the wind, Above 90 km the polarization fields EOy and EOZ are

seen to be very poorly developed in comparison to the wind

pPhase relaticnship of variocus parameters with the wind, Theseff‘”

are compared with those of Kato (1973) and Anandarac et al (1977).




RS RELLL T LSRR ELL] B SR T T

180 \Eox, Eoy
{80 - \
170 |- \
160} \

150

ALTITUDE (K¥)
>
o
T

S
o
T

120

100 -

90 - r— .
T ]
80

~, \\j
ISR b | R URIT AU B I UEUTE: G S A e |

158 67 e 16 1G4 162
ELECTRIC FIELD {VOLTS/METER)

Fig.2.4: Envelopes of electric field components with the al at the
equator. The solid and dotted portions of the curves have been used fo

represent whether the field is in phase or 180° out of phase w the wind.
T denotes the region where such a reversal of phase occurs. The wave

L uc
parametiers are Az = ﬁ»:{ = 100 km, Az =5 km and Woy = 100 m/sec.




49

induced fields ( W x B )y and { W x B )Z respectively, which
are approximately 3 x ’IO“4 v/m and 3 x 1072 v/m in the y and z

~ directions respectively.

The electric currents:

The electric fields obtained above were used to calculate
the currents due to the gravity wave winds. Fig. 2.5 gives the
envelope of the amplitudes of the currents with altitude.

Corresponding to these currents, the streaming velocities of

electrons relative to ions are shown in fig.2.6 .
Since the electric fields and winds have an exponential

term, it can be seen that the gravity wave driven currents

reverse their direction of flow at every half the wayelengﬁﬂVﬁ ﬂ
as one moves in any of the three directions. From fig.2;5 , |
it can be seen that JOy remains in phase with the wind and

has a broad maximum centred around 106 km with a peak value of
approximately 3 Amp/kmz.

The vertical profile of the electrojet current (JE) obtained’
in American zone (Mayanard, 1967; Devis et al 1967) and in ’
Indian zone (Maynard et al 1965; Sastry 1970) peaks around‘thisk,"
altitude only, The peak value, was found to be 10-12 Am‘p/km2

(Sampath, 1976). Therefore, the contribution of gravity wave NH%QQ
driven current (for Woy = 100 m/sec) is substantial even .
near the peak of electrojet current. As JE decreases more

rapidly with altitude than Joy? the ratio JOY/JE will increasc

with the altitude. The current J when superimposed upon the

oY
current JE’ would give rise to regions of enhanced and reduced
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currents, In the regions where the current is ernhanced, the

,étreaming velocity of electrens relative to ions would be

can be qualitatively explained when the polarization fields
vEy and E are negligible in comparison to the wind induced
\flelds (W X B) and (W x B) respectively, From fig.2.4 1t

by over an order of magnitude than the wind induced fields.

to ) : - ,
Faom Gl By + 0 e ‘-.f\h.,' e,/ ki
N ‘ e ':l", Yad ()l e 25
o UPRE w\ j+ﬁ§ V¢ ) (1)
Jz = G By (W /iy = CE for )
In the present case, both woy and Woz are positive and
’WO = 0,1 woy’ hence the current J oy will remain positive in

between 105-125 kns, JOy has a breoad maximum centred around
106 km,

The current Joz will change its direction when ', .7\N(‘\
This condition is satisfied above 110 kms. Above 126 kms the
ratio Q%/Uh‘pjﬁ. Therefore, the current !J,-| exceeds | )yl .

N

The ratio of the two current components is given by

‘ j 07 / J 0y ‘ o / W 07 / Ny Y - (G / (g ) | / (\ L4 ol 2 /(_)" y Wo y \ ( 3 )\)

Therefore, above 96 kms the equation (20), can be approximated

(r

larger than what is calculated using average electrojet ourrents;'

The variation of the current components as given in fig.2,5

can be seen that above 96 km, the polarization fields are smuller

_the region of interest. Since (7, is fairly constant and fy;<0*{ﬂ&ﬂ

T‘A
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AS(ﬂgﬁﬁﬁ‘inoreases with alfitude;;the limiting value will be iv
\Noy/ldggi ( 10, in our case)'which is achieved much above
190 kmg. At an altitude of 190 kms Vdexf/doyl=7.6,

| The most striking feature of fig. 2,5 is that above 110 kms

the current |.),, | becomes large compared to Jeyand J,, . This

can be explained from eqn, (12) which can be written as

o g e
In our case kz/ky = =20 and k_ = ko The contribution of
Joz to Jox becomes larger than that of Joy above 115 km where
YJ074'7 | Jov 20l Above this altitude the contribution of Jou

. is negligible and hence ‘ mej 2 E&)fjw, [
- ! i Wi

The streaming velocities:

Fig.2.6gives the streaming velocity of electrons relative
to ions calculated using currents given in fig.2.5 . It can'bégi
geen that the maximum parallel streaming velocity of 900 m/sec
occurs around 130 km, This velccity is sufficiently lérge to
excite the ion cyclotron instability, This instability
mechanism has been invoked (D'Angelo, 1973) to explain the
type iII radar echoes as observed at the Auroral latitudes
(Balsley and Ecklund, 1972), It wag, however, pointed out
(D'Angelo, 1973) that these echoes will not be observed at the
equator because such large relative velocity between electrons
and ions are not available. The present calculations show

that this nced not always be true,
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| As has beenApointed out earlier;the threshold requirement
*for the excitation of the two stream plasma instability is that
MH/(j+%ﬂ”7\k:where V4 is the drift velocity of electrons
relative to icns. In the electrojet regicn Vi f(1ey)  is
‘ maximum at an altitude where YV = 1/=z , while at the peak of thé o
electrojet W L (Fejer et al 1975). In the E-region‘&;4360 m/sec
and hence, to satisfy the threshold criterion, \[; should be |
'greater than 480 m/sec at an altitude few km above the peak
bfﬂthe electrojet.ﬁ At the peak uf the electroget Ve shog;dwpe\  ﬂfﬁ
' évén 1arger than 480 m/sec, | o _—
Rocket borne proton proéegéisﬁ maéﬁetometers, Langmuir
probes and resonance probes were used to determine the average ’
streaming velocity of electrons relative to the ions (Prakash |
et al, 1971 and Nike-Apache flight 10.44 and 10.45 from Thumba).
A maximum velooity of 340 m/sec was obtained eon flight 10.44
and 380 m/sec on flight 10,45, showing that the drift velocity
of electrons relative tc ions never exceeded the threshold value
for the excitation of the twe stream instability.
It can be seen from fig.2.6 that, for the gravity waves
with the assumed parameters, the additional streaming velécity
of electrons relative teo icns in the E-W s#tirection is quite
large, its maximum value being around 100 m/sec at 106 km., If

these velocities are added to those corresponding to the

electrojet currents, if is quite possible that the threshold

criterion may be satisfied, at least, in some of the regicns.

PR T Y
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;In such regions the plasma would become unstable and the

ionization irregularities would be generated,

'\The pa;ameter R

-’ ’Thé Valﬁés of R, were calculated at the equator for
\Hparameters corregponding to 100 km altitude using various

values of )Ng and keeping %xwﬁ'Ay = 50 km, The results are
given in £ig.2.7 by & solid curve, The results of'Kato (1973), .
and Anandarao et al (1977) have also been reproduced for | “’ 
comparison purposes, It can be seen from the fig,Z,? thét thé‘

value of R_, in our case is much larger than those of Kato (1972)

z?
ahd Anandarac et al (1977), The values of Rz for various
values of )z keeping Ay = Ay = 200 km were alsc calculated
for 100 km altitude and are shown in fig.2.7 with dotted
gurve, For the case when Ax = Ay = 50 km the value of R, in
our case remains within 1,0 + 0.1 for Az > 0.75 km. The

value of R, lies in the same range for Nz % 3,0 kmg when

Ax = Ay = 200 kms,

Lon convergence rate:

Assuming electron density to be constart with altitude
the ion convergence rate per ion can be obtained using
eqns, (4) and (7). Ignoring the variation in the ion gyro-
frequency and ion neutral collision frequency with altitude,
the convergence rate is given by(_kg1>7$?37hx'squj7\vg)
B (ki) + LRty —lnte)
R4+ RE) Ri C1+ Re*) l (
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For the sake of comparing our results with those of

Kato (1973) and Anandarao et al (1977), we have calculated
fthe cohvergence rates at 100 km at the equator, for various‘
values of Az keeping Ax = Ay= 50 kms. The results of theSei
_calculations are given in fig.2,8 . While Kato (1973) has
 hég1eoted the horizontal wavenumber in comparison to the
}Vertical, Anandarao et al (1977) have assumed the horizantal

‘1wavelength to be wholly in the E-W direction, It should be‘

noted here that Kato (1973) and Anandaraoc et al (1977) have
used Riwn 10 for their calculations, We have taken Ri 50
,(following Richmond, 1972) and have re-calculated the conver-
'gence'rates using appropriate equations for their cases alsc,
  .It can be seen from fig.2.8 that the convergence rates obtained
with our model are much larger compared to those of Kato (1973)
and Anandarac et al (1977). For Ar = 1 km, the convergcnce
rate in our case is approximately 5 times larger than that of
Kato (1973) and 60 times than that of Arandarao et al (1977).
With increasing N~ this ratio decreases, The present Calcu; :
lations show that even the gravity waves with small vertical

- wavelengths can»give rise to appreciable convergence rates.
Fig.2.9 shows the altitude variation of the ion
convergence rates at various dip angles, calculated using
eqn.(24). The gravity wave parameters used for this purpose
were Ax= Ay= 100 km, Az = 5 kms and WOY = 100 m/sec. It can be
"seen from these curves that the ion convergence rate below

120 km is maximum at the cquator and minimum at the poles.
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This is contrary to the results of the earlier workers

( i.e.Axford 1963 ) which predicted zero or smaller conver-

gence rates at the equator compared to that in the mid-latitudes.

Above 130 km however, there is a marked difference in the
convergence rates. The convergence rates increases from the
equator to 40° dip latitude and thereafter it decreases and

becomes minimum at 80Y daip latitude,

Hence when a three dimensional model of gravity wave winds

is used, the ion convergence rates below 130 kms at the
equator are quite large even whén the geomagnetic field lines
are assumed not to be curved as is essential for the models
of Kato (1973) and Anandarao et al (1977).

The formation of the ionization layers in the E-region
would be possible if and only if the icn convergencé rate
is much larger than the rate of recombination, While the ion
convergence depends upcn the gravity wave parameters, the
'geometry of the geomagnetic field lines and Rl, the recombi-

nation rate depends on the recombination constant a{R and the

electron density, 'i_ .
The normally assumed value of { in the E region is
3 x 1077 cm™2 sec™!. 1In the 100 km region, Mg -~ 105 cm-é

during day time and 5 x 109 cm™ during nighttime., It can

therefore be seen that during the nighttime the recombimation
rate «~ 1.5 X 'IO’3 sec_1. This is less than the calculated
value of the convergence rate which is 6 x 10"3 sec"q. ( 1t

‘should be again pointed out here that Kato (1973) and
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'Ahandarao et al (1977)}have used K .~ 10 at 100 km whereas we
~ éye used K;.~350; hence their values of the convergence rates
‘should be divided by a factor of 5 for comparison with our

results). Hence during nighttime the formation of the ionizatixi
:layers through gravity wave winds is feasible. During - daytime,

“2 gec™! which is larger than

~ the recombination rate is== 3 x 107
the calculated convergence rate and hence, during the day time,
the formation of the ionization layef is not feasible with the
normaliy assumed value of#iﬁ. It should be noted here that,
  to explain the formation of the ionization layers during daytime -
\1n the mldlatltudes, the presence of metalllc ions th1ng a

much smaller recomblnatlon constant than what is assumed here

has been resorted to.

We will now discuss the convergence rates in the following

two limiting eases:
. When LU(,(, i.e. the wavelength along B is infinitely large,
As V.W=0 we get from eqn.(15)
(2 PR E"-\ \"Jt)\j ks = 2 Wyz / ko (Z(:‘}
Substituting these values in eqn.(24) we get <.\ -0 .

Therefore when wavelength along B is very large the convergence;i..

rate is very small or zero.,

2+ In the lower E region Q¢7ﬁ=i,As‘ ? P kkn“and\w N

A I b] \'\l(x ‘i

eqn.(24) can be gréatly simplified and we get
Vi¥U = ke (Bigy - Eop) /B8R ] (7.6)
The field Eoz;when calculated for various combinations

of wave parameters was found to be much smaller than the wind
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: induced field (w k:g)z. Above 87 kms for the wave parameters
3 assumed here it was found to be smaller than the wind induced
 field at least by a factor of eight., Therefore, in such cases
the polarization field can be neglected in comparison to the
wind induced field and we get y

VoYi = | kzWoy [R¢ | (27)
Using the transformations given by eqn.(16) required to go from
the coordimate system ”ﬁﬁjgzr(; Nz
VoV = (R + kLS )Woy /R | (28)

At equator this expréssion i8 similar to the one obtained in the

the eqn.(27) becomeg

- wind shear theory and we recover the result that in the lowef~-f ~f
E region, the ion convergence is due to the vertical shears
in the E-W wind. However, the ion convergence in our case is

maximum near the equator as pointed out earlier also.

- Conclusions:

. A three dimensional model, for the interaction of small
and medium scale size gravity waves with the ionospheric'E'regiQn,,
~ was developed. In the model calculations, the east west and | .
north south winds were assumed to be equal, with their velocity

amplitude equal to 100 m/sec. The high lights of the present

studies are as follows,
(1)  For the medium and small scale size gravity waves with the
~ wavelength Ay, along the geomagnetic field lines less than
about 200 km, the curvature of the geomagnetic field lines can bg-

ignored and hence, the geomagnetic field can be assumed to be
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homogenous,

| (ii)  The wavelength, Ay of the gravity waves, parallel to
the geomagnetic field, is very important to the generation of
net electric field ig&éin the wind frame of reference, The
polarization’fields E, above 90 km are substantially shorted,
even at the equator, if A is finite, implying }§M¢to be large.,
(iii) The efficiency factor R, for the generation of net
electric field, was found to be much larger than thét obtained
earlier,

(iv) The gravity wave driven currents in the east west
direction were found to be a significant fraction of the main
electrojet currents, even at the peak of the electfojet. These
durrents, together with the electrojet current, may satisfy the
threshold requirement for the excitation of the two stream
‘plasma instability in localised regions.

(v) The gravity waves give rise to strong field aligned
~currents which were found to peak around 130 km altitude. The

streaming velocity of the electrons was found to be sufficiehtl?f

| large as to excite the ion cyclotron instability in the 130 km

altitude region.

(vi) The gravity waves can converge the ionization at the
equator also, giving rise to the ionization layers in the
nighttime. The ion convergence rates below 120 km at the
equator, were found to be larger than those in the mid latitudes.
Therefore, the gravity wave winds would be, at least, as

effective at the equator as they are believed to be in the
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mid latitudes in forming the ionization layers.

(vii) The ion convergence in the lower E region was found to be
due to the wvertical sheafs in the east west wind. The ion
- convergence rates at 100 km at the equator due to the gravity

~_ wave winds were found to be much larger than those given earlier,
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CHAPTER TIII

(GENERATION AND TRANSMISSION OF SMALL SCALE ELECTROSTATIC

FIELDS IN THE IONOSPHERE

Introduction

Electron density irregularities in the equatorial
F region has been a topic qf great interest ever since the
discovery of Spread-F was made by'Berkharar@.Wells (1934),
Dagg (1957) proposed that these irregularitieé,are first
fgenerated in the E-region and transmitted to the eregion‘
via highly conducting geomagnetic field lines. This |
suggestion was intimately connected to that of Maftyn (1955)
who proposed that the large scale electric fields iﬁ the
E—region"afe transmitted to the F-region via the highly
conducting geomagnetic field lines. Farley (1959, 1960)
studied the dynamical coupling between the E and F;regions
for electric fields of small scale sizes. To account for
the source of electric fields of small scale sizes, he used
a system of hofizontal winds which were derivable from a '
stream function, The source region was assumed to have
a very small vertical extent such that the parallél
conductivity within the source region was assumed to be
constant, The electrostatic coupling between thé equatorial
F region and low latitude E region was provided through

the geomagnetic field lines which were assumed to be
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t -parabolic, His studies showed that

(i) Electrostatic coupling between the E and F reglon
may exist at all latitudes, the effect being weakest
at the equator.

(ii) The electrostatic source field strength will usually

‘ be considerably less than the W x B field where W is

the neutral wind and B is the geomagnetic field. The

- source field is maximum at 45° dip latitude and

decreases on either side of it.

(iii) No electron density variations could be produced at
'the poles. At lower latitudes some fluctuations in
electron density could be produced, but they would
probably be too weak to be significant.

Hence he concluded that the Dagg's suggestion is not at
*~ all satisfactory.

Farley assumed, in the determination of these solutions
that the distribution of the electrostatic potential is
symmetric about the equatorial plane. This condition
corresponds to aprioriassumption that no current flows

across the equatorial plane, and requires that the field

generating mechanism operative in the dynamo region produces

identical electric fields at the ‘conjugate points in the

two hemispheres of the earth. This condition was much too, .

unrealistic, as was realised by Sprieter and Briggs (1961), .

for their is no quallfylng reason to believe that the
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small scale electric fields produced by irregular winds‘be
symmetrical with respect to the équator. Sprieter and
Briggs (1961) considered that the mechanisms that operate
to generate electric fields at the conjugate points |
function independently and the linearity of the equations
agssures that the properties of the fields generaﬁed in each

hemisphere can be treated separately. The appropriate

boundary condition for the other hemisphere being that owing to i

a very small conductivity at the base of the ionosphereg
current vanishes at the bottom of the ionosphere,

But they did not propose any mechanism for the
generation of small scale electric fields in the source
region, Their calculations were only for the attenuation
of the electric fields during their transmission.

Reid (1968) proposed that the Dagg's suggestion may
still work if the source region is considered to be "thick".
He proposed that if the whole region from 100 km to 140 km
altitude is considered as the source region, it could
generate electric fields which are essentially in phase.

So that the short circuiting effect, to be expected from
the varying winds, does not arise, However, he did not
examine the idea QUaniitatively.

Thus the earlier studies could not establish the

efficiency of neutral winds in generating small scale




electric fields on a strong footing, In the previous
chapter we have summarized the works of Kato (1973) and
Arandarao et al (1977) in genération of electric fields
due to the gravity wave winds. Also, pointing outvthe
short comings of these model we developed a three dimensional
model for the interabtion of gravity wave winds with the
lonosphere plasma. These studies showed that the"electrio
fields can be generated by the gravity wave winds under
certain conditiqns. In that, the importance of the
wavelength parallel to the geomagnetic field lines was
realised for the generation of the electric fields. In’this
chapter, we investigate rigorously, the problem of generation
of electric fields due to the three dimensional gravity wave
winds in the low latitude ionosphere, and the transmission
of these fields to the other regioms of the ionosphere,
In the present investigations, the geomagnetic field line
curvature has been taken into account. The following is
the brief outline of this chapter,

In section 3.2 the geometry of the geomagnetic field
line is described.

In section 3.3, the variation of wave rumbers R and@Q;
with the dip angle is given. It is found that the wave
rumber (Fx) parallel to the field line varies rapidly with

the dip angle, going from positive to negative, . The

65
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‘variation in.?z,is, however,‘negligibly small over a
large range of dip angles,

In section 3.4, the nature of the gravity wave winds
has been studied, It is found that, on a given field line,
the wind varies symmetrically around the point where Ry =0 ,
The wind remains in the same direction over a large |
distance along B around the point where‘?x =0, and |
further away from it, it varies sinusoidally with decreasing\
wavelength on either side of this regioh.

In section 3.5, it is shown that the region where Rx-0
defines the source region of the electric field, It is
found that the vertical wave length of the gravity wave
winds determines the extent of the source region.,

In section 3.6, the theory of genération.of electric’
fields due to the gravity wave winds is developed using the Q} ff
assumed form of the potential and the generalised Ohm" |
law. A set of pecond order partial differential equatiohs\
in potential (corresponding to the real and imaginary parts)
is thus obtained. On the basis of physical arguments, this
set of equations is reduced to a single equation., Boundary
conditions and the numerical method employed for solving
these equations are also discussed in this section.

In section 3.7, the conductivity profiles (for
different times of the day) used fof:the calculations are

given.,
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In section 3.8, approximate solutions, giving

information on the generation and attenuation of electric
fields are obtained,

In section 3.9, by meeting the conditioh ?K::*
in different regions of the ionosphere, the electric field
in the source region is calculated for a variety of cases.
Thus the condition for the most efficient generaﬁion of the
clectric fields is obtained,

In section 3.10, a comparison is made of the results
obtained using the sinusoidal winds (which are present every=-
where) of section 3.4 with the constant winds present only
around the region.where*’L0L=Q, The results of the two cases
ére found to be in good agreement.

In section 3,11, detailed calculations have been made_ "
on the generation and attemuation of electric fields due to
the gravity wave winds of different vertical wave lengths
under a variety of situations.

" Fig.2.1 defines the coordinate systems used in this
investigation. The coordinate system x' y' z' is such
that x' and y' are horizontal pointing towards magnetic
north and magnetic west respectively, and z' is in the
vertically upward direction., In this coordinate system,‘the
gravity wave winds are normally defined, ‘in another
coordinate system, x axis is along B, y axis is parallel
to y' axis and z axis is in the plane perpendicular to the

Xy plane and is upwards.




FIG- 3-1
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Geomagnetic Field Line Geometry

We use the geomagnetic field line geometry as
envisaged by Farley (1960). From the dipole approximation
of the field line we have

TanT = 240n L (1
where I is the dip angle and | is the latitude, The
latitude L. is given by L= %R , where %' ig the
horizontal distance from the equator and R is the radius

of the earth, Thus for small . we get,
tan I = 2[R (2)
If I is small then the horizontal distance / ig equal to

the distance % along the field line, Using these facts

we get

\,

P

R d1 (7

2.

SN
L)

% V2 (et

The equatimof the field line is given by

Zy-7Z = »x*/R | ' (4)
| where {4 is the altitude of the field line at the equator
and 7 is the altitude which it Crosses at a distance of

ol !
#L) from the equator,

Variation of Wave Numbers with Latitude

Variation of the wave vector components with the

latitude can be studied using the expression (see chapter II),

/ A
\':':f w e . C - 5 z 5
/ .
R oo 2 :/Z C o+ R 9 (A )
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where C = (05T  and 8§ = 50T , I is the dip angle.

From the above expressions, it can be seen that for a
gravity wave, with given wave vector components ?éx and kéf 5
there is always a dip angle where ko = o + Let this dip;\
angle be I, . At this point (here after referred to as
point S8) we have
oo T 6 l\x/ 4 ' (&)

As one moves away from thig point kx is finite. Since the
ratio 1 /h~' can have practically any value for different
gravity waves(Hines, 1960), it is possible to realise K=
at any desired dip latitude. For a fixed ratio of k&é' and
kx, equal to 10, variation of kx and L z with dip anglc is
shown in fig.3,2, It can be seen from this figure that wh11e ’>¥
variation of’%xfrom -30 to + 30° dip angle is quite large,
variation of Lem over the same range of dip angle is quite

small and can be neglected,

The Nature of the Winds

Therefore the wind, say Wi , has the form
MQﬂ::MdmjCmp%i(fhxdk"ﬂﬁfb+h22-ﬁ*)§ (7)
In the neighbourhood of point 8, the concept of wavelength
along B is lost. To study the wind pattern around the
point S, it is quite instructive to study the phase of the
wind 'y at various points along a field line with respect

to its phase at the point S, This can be done by evaluating
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%

The expression S}Qx_ﬂﬂL s where Xy and X are the

% .

distance of the’ﬁbint S and the given point respectively,

with respect to some reference point on a given field line.

Using eqns. (3) and (5) we get,

X !’\’k_ 1o B ( IR \ f‘if;/c. Lo~ i«ﬁ b ) ~| V' ((,7 )

i -

Viedx = BzR\See T | (1,-T)" 4)

It can be seen from eqn (9) that the phase of the wind

varies symmetrically around the point 8, or in other words
around the dip angle I, where Lax:%ﬁ . For an initial \
bPhase of zero at the point S, the wind pattern around the';”
point § is shown in fig.3.3., It can be seen from this o
figure that the wind around the point S remains in the same
“direction over a large distance and then it varies sinusoi-
dally with decreasing wavelength on either side of the

point S,

The same situation is realised, more clearly, from
fig.,3.4. In this figure, different wave fronts at a given
time with%ﬂngvaﬁd phase of (WmTT+17/2 ), where v is an
integer are drawn intersecting a pair of field line at
different points. The solid areas enclosed by the pair
of the field lines denote that the wind is positive in these
regionc , Blank areas denote that the wind is in opposite

direction, that is, negative.
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The Source Region

The distance 2d ( + d on either side of the point Sl“
over which the phase of the wind remains within 7Lﬁi with
respect to its initial bPhase at the point S, can be“oaloulated
using eqn.(9) and is given by e

2o = { R Az SQM$115\§{/Z _ (Lo

2. \* 14 (f ! )

N

Nz = ol k2wl

For small 113 eqn. (10) can well be approximated to
2o = (2R A )2 42)
Thus for R = 6400 km and X+ = 16 km we get

2l = m2 \k ) » (I 7})

As hés been discussed in chapter IT, although the
alternating winds give rise to alternating electric field
along B, they get shorted due to the fact that the ratio

CelCp  is very large., <, and Gp  are the parallel and
Pedersen.conductivities, respectively,

Since the undirectional winds in the region AA
(see fig. 3.3 ) do not have their counter part anywhere
on the given pair of field lines, they alone contribute to
the production of an electric potential, Thus, the winds
in the region.AA’ serve ags the source of an electric field,

that is, the region A4 is the d namo region. The oomplete‘
Yy
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region of the ionosphere connected with the field lines
serves as a load to this potential. Hence, the distance
2d, over which the winds are unidirectional around the
point S, defines the extent of the source region along B.
From eqn.(12) it can be seen that the perpendicular wave-

length Az is very important in determining the extent of the

gource region. Since the vertical waveléngth ofvthe gravity
wave winds expected to be present in the E and F regions is,
of the order of 10 to 100 km, the dynamo region can extent
to hundreds of kms along the field line.
Theory |

As has been pointed out earlier, that the charge excess
along B due to the variational winds tends to short out, the
electric potential produced due to such*é wind will not have
the same variatiomal form along B as that of the wind. The
electric potential due to such a wind can therefore be as5umed§; i
to be of the form /

¢ = b () exp g Ry ke Lz -k ){ (14)

where ¢,(x) varies monotonically with % . If the
polarization fields are assumed to be electrostatic then,

E = w-§74? : | (15}
The électric current due to an eléctrio field E and wind

W is given by
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where || and | denote the components parallel and
perpendicular to B, and . , Op and Yy are the parallel,
Pedersen and Hall conductivities respectively. Using the

above set of equations and imposing the condition
Y7:J': © | {7)

the following second order partial differential equation

is obtained

Co O | vy 3d § o Ry bty '( e 1 e L
Y N N VT O -+ Kz ) -1 !Q 2 e, € oV
X X T R T zoy bRy 5z )1 4/0

’+B§K%(kywuz~hgwav)wicm&@dmnu~$%v§§’

wherein we have used the fact that V-W = C  (19),
Eqn.(18) can be further simplified if the terms with
gradients in Pedersen and Hall conductivities are ignored
in comparision to hz . This requires that

k., < -1 00p (20)

Even if the (p scale length during the day time and the
night time is taken to be 50 km and 6 km respectively,
these are smaller than the wave numbex*lﬁz, corresponding

to a wavelength of 25 km. If the wavelength is smaller,
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then the neglect of these terms is more Justified.

Neglecting these we get,

o _\J.
) 7 i 7 ‘I\}U \1 }

- L0y, Ry Ve ’\ C oo (7 ) ke oclo) : (£1)

2
e SR .
Lo Uires i oy, ( l* 7 ’ Yo

PRt
R EEAy - - L

U N Sl QT{_) (\ L\{ Woy - ke = Wiy ) - Uy ('{,x.l\}!,\ %® %‘ \.,n\ ti bz ol x )

™
o
N

(24)
(g ( \" "’\' ¥ C‘t A~ J

3 5 \'*(( "1‘ Wyz — kz_ \-’\i‘g*:,l ) = Ul k xWe A

R

Since \f—_y >7 Ky and Wnry > Wes  for the gravity

wave winds, eqns.(23) and (24) can be further simplified and

we get,

- 2 .
7 *4’{) . 1 f)(o "(';)d:i&l B —-[ ,' 2 CI"

e (..
e + On Q= 55 — = Wz Yo
N A P 3 Y 8 -

‘+ ‘ ') ('" ’ < o \ ,d ‘\l -+ (‘ H Q\ k\}\’(\ 3 ig S_,ﬁ:‘\;‘\ ( S “iv\d X )

VG g

den A Rdes L Tp et 4y
e S Tex Foo T ogg e (26)

2
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Representing the potential in terms of a'dimension less
quantity Y , such that
y'/ = Y 3 -+ 1 t}’;q_ (‘"J" /

¥l = (ke k)

where _ o
ih_ o .)'f.”z di g / Bl . . Lﬁ') )
l('J‘, - j\ 7z ’-,t'._'- 2 / I \-Ju:./

Equations (25) and (26) thus reduce to

O L0 Gl _ Up(kekE )Y,
Dx: G 0X Thx. T 0p
L ( T/ . ol . i (7 },
hER EP(Ry =Ry oz [Woy ) + D ey g, f Woy t
iy & S

(iq)

P . -
T2 L0 W _ o ap ety
2. X CnOR Vara — - & ‘

e j £ r—’:”( Ko — Jz Y Wiy :Z/ P ¥ 4 iy }‘f;?x Wox / oy '} € s ( .( k’k‘ ol = ) )
TGy T ) ' UG ' . Ly
( ,.)b)
The dimensionless quantity Y represents the ratio of the
vertical polarization field to the wind induced field in that
direction., At the point S, since k&::@ using eqn,(19)

we get,

ke [y = - ey [Wor (

N
o>
——

i

From the above expression it is clear that V¥, and Y,

can also be used to represent the electric field in the




y direction, Thus [y and £, both can be determined from
‘\f 1 and ‘\f’l ’2_ .

Further simplification for the solution of eqns.(29) and

~ (30) can be sought on the following physical reasoning.

Since it is the wind_around the point S which contributes
predominantly to the generation of electric field, the wind .
effect being cancelled out in the other regions due to ite
variational form; it may as well be assumed that 2 constant
wind is present only 1n ‘the reglon around the p01nt S Wthh
is as effective in gencratlng electrlc fleld as is thc;gér
'varlatlondl W1nd of flg %3¢3+. Therefore, 1f we consider the
constant wind only around the point 8§ where j\whﬁ 0 ’ we get

only one equatlon correspondlng to eqn.(BO) which oontalnu

the source term (w1nd term) and is glven by

(‘ ¢, 1 00A 24 T N
N R S G e RV (PRI € ¥ G <IVI N T IV
%wa+05?x,%m‘“5{< }*“lfk
- J} (-’/I’ ( - ‘? / o, vy f (\_‘B“")
("C‘i, ‘ ST

The equation in ‘Hi éé%féépéﬁﬁing to édn.(29) is not
significant as i%_&ééé not é8ntain the éoufde term. This
equation gives infdrﬁatibh only on the attenuation of the
field, To justify this approach, results obtained with the
set of eqns.(29) ahd (30) were compared with those obtained
using eqn.(31) alone; T+ was found that the results obtalned
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with the latter case were closély representing the results
obtained with the former set of equations, as will be
discussed later, It may be remarked here that this approach
is fully justified fof”gravity waves having large vertical
wavelengths,

Boundary Conditions

Eqn,(32) can be solved using a step by step numerical
method if the initial conditions viz ( Y, ), .. and
( %2 [dx), . are known. Due to verj'ibw conductivity in
the lower E region, say at 90 km, it is quite réasohable toA k

assume that the parallel current vanishes, in both the

hemispheres, at and below this altitude (Spriéter and Briggs,

1961). It implies that CW¥/0X .o ¢ at the boundaries of the
ionospﬁere. So the two boundary conditions are obtained with
this ﬁhysical argument. To make the problem an initial value

problem, various values of ¥, were tried at the initial

point (with ¥ fox =0 ) until the correct solution giving

5V1/bx_zrm at the other boundary was obtained,

Numerical Method

To minimise the number of steps to obtain the correct
solution, a novel method was employed. It is based on the
method of logrithmic fractiomation. In this method the
value of Y, is chosen tobe 1at the initial point which is

evidently the largest possible value of WA « Using this as
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the initial value, the complete solution is obtained,
Then this value is decreaged in accordance with the
formula

J.

(R4 €5 / PR N R PR )

—
i
J—
7
V.
—
e
—~
)
U
L
NG

where k, 1, m and n are integers with values ranging from
O to 5. Keeping fhe values of 1, m and n zero, the  k
value is increased until the sign of OW¥ [ changes at the
other boundary. This value of k is then frozen and the value
of 1 is increased, keeping m and n zero, until ¢ ¥ [dx
at the other boundary again- changes sign; Similarly, m and n
values are increased keeping other variables (k,1,n or k,1
and m) constant. The correct golution is intermediate to
the solutions in which, with the increase of n value, the
sign of ¥ [0 changes at the other boundary, The uncer-
tainty in the value of Y, at the initial point is about 2%,
Fourth order Runga-Kutta method with Adam-Baschforth ,
predictor - corrector for the successive values wag employed
to solve the differential equation, The accuracy demanded
of the solution was upto the sixth decimal place. The step
size, during the calculations, wasg automatically decreased

to give the desired accuracy,
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The Conductivity Profiles

Calculations were carried out for the daytime, evening
time and two night time conditions. As the clectron density
profile, on which the conductivity profiles are mainly

dependent, is highly variable during the evening and nighf

hours; no standard model of the electron density can be used.
Based on various rocket launches from Thumba, India and
elsewhere, and the iohosonde data available in the literatufe,:
four electron density profiles were built up represenfing~the
day, evening and two night time situations as given in

fig. 3.5. The U, and éb profiles for these different

periods of the day are given in fig. 3.6.

Approximate Solutions

Before attampting to solve eqn.(32) rigorously for various
cases, the general nature of the results can be studied using

following approximations.

Attenuation

Outside the source region, dependence of Vﬁ on kz, and
the attenuation length can be estimated by noting the
importance of various terms in eqn.(32). In the region

where bﬂajaxa is small, i.e, around the apogee of the

field line, the second term on the left hand side of eqn.(32)
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can be neglected and we get

'?’ a_'.)_- L"—’_, , 2_,, — 7 ,,7 L \
e Nz GOy, ) L)
(ot <o =

whose solution is (ignoring the variation Cpoand g around
the apogee of the file line)

L=, = U= ) enf (2 by Vo )

(35)

Since away from the source region, the value of Y. should
decrease i,e,({-¥) should be large, exponent in eqn.(35) L
gshould have the positive sign, The attemnuation length of(f~J;) 

7t » is, therefore

Hence, around the apogee of the field line, for a given
value of A;f, the attenuation of the field depends on the
square foot of the ratio bﬁ o and Coi o If ﬂ&; is small,
i.e. large As, the attenuation of the field is small and
vice versa, |

If the first term on the left hand side of eqn.(32) is
smaller compared to the second term, which is true in the

E region, then the first term can be neglected and we get,

{,__ﬁ W Y » - .
o = Lk =) (37)

where [{ is the scale height of U, along B. Hence the
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attenuation length, in thisg Cése, is given by

=, .' N b "'::j !\E (Xt{) :

.
]
i
e

o
{

=

|

(Y

o}

Thus for a given value of )y; » the attenuation length of{iny)
.7 " in the E region depends on the ratio of Up and (y
and also on the scale height of Jalong B.

Solution of eqn.(37) is

1 - L/’ =L~ ¥) ¢ 'JL}?’ t {1 Ll & ol ) | (Z’(j)

¢ 5 -
Sign of the exponent in eqn.(39) depends on the sign of H ,
which on integration yields the logrithmic ratio of (7, in

two regions and hence, is always positive, Thus away from

the source region, the value of %i should decrease which is,

indeed, true.

If k?‘ is small, i,e., large Az;, it is clear from

eqn.(39) that ¥, tends to f Hence, for large value of

Az s the attenuation of the field is small, Tf K- is

large, then the term on the right of eqn.(39) has a large value,
{1=y) : ,

implying that/'é.; has a largest possible value. Since E; is

positive, it implies that the value of Y- is very small,

Hence for small values of Ay , the attenuation of the field

is large.
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Generation of fields for large values of Nz

Since for large values of A, , the attenuation of the

field is very small, the electric field in this case can be

assumed to be constént and its value can be estimated in the
following way. The derivatives of the currents ./ and JZ

o

are given by (see chapter II).

ERI op Ry (B 4 BWz) = <on Ry (E,-8Wy)  (40)

oy
Oz L (e a D T
57— FOpia (Ez=Buy) + Loy ke Gy+ling)
(41)
Adding eqns,(40) and (41), and using the factg that
VW= and k@k::t} we get

The form of the potential ensures that the last term on
the right hand side of eqn.(42) is zero. Also, Rz >» Ry

and Wgy > Wy for the gravity wave winds, we get

Q) o ) ) . ‘A
7__(13 - e ) P L k*;:;i EL - 2 ”:EZ:Z )y ) (12}
since 7.y - | :
Jo = - '(\(ﬁﬂkz(ﬂiaﬁ“B\Qﬂ)¢“k (44)

As shown in fig,3.7, if the region bounded between * .
cand Xz is the source region (wind region), the current

flowing outside the wind region depends on 5. only and
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is given by

i £z ' ?"-l )
%@4”z!’¥5b$&zdx+'%%gzdf% Q@SXqﬁ
Sy { e . ; e
The current in the w1nd reglon is given by
e = - TRz g G (2= By o (de)

X
Since the current flowing outside the wind region should be

equal to the current generated in the wind region, we get
Wy K Koy Xz

fm w i i

A I - - (
\) '\’P o = -l . + (R l"_, L'—l X __{__ ( :')l] {- Zd i —- ‘5 \’\,‘f (1 { ',f"':‘ (Z‘{ x

oy Az Ko L, ( )
” g e (A7)
Hence — By ) ’{(4V Xy . :
" - W S . . e
- v = . S h‘, el = { -l ( A )
\T”P =l T o n

It is clear from eqn. (48) that, for large value of'KZ~, HN
the generaued electric field depends on the ratio of inte-
grated Pedersen conductivity in the source region to the
total integrated Pedersen conductivity., If the wind region
overlaps the region of massimum "o 5 larger field is generated.
Also, since the extent of the wind region increases with A~ ,
for large value of A , the field is more.

Generation of Electric fields with |, = > in Different
Regions.

From the foregoing discussions it is clear that for largéﬁ"

values of Ay , . remains constant in the region bounded
by a pair of field lines. This field is maximum when the
wind region overlaps the region of maximum > , An estimate

of the generated field can also be made in this case. However,
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for small value of Ny » the field can not be estimated and
only qualitative information on the attenuation of the field .
can be obtained,

To ascertain the efficiency of generation of fields}by‘
the winds (of a given A ), calculations were carried out
whenee the centre of the wind region was shifted ffom the
equator down to the reglon where a given field line crosses
the 90 km altitude, The centre of the wind region was
shifted by 100 km in successive calculations, It is worfh
while to point out here that the wind region, as defined in

. . ; . . . L, .
this analysis, implies the region over which Ky v~ + Iwo

values of Az, namely 25 km and 4 km, were used for such
calgulations, |

Figs.3.8 and 3,9 give the results of these calculations
when the field line apogee is taken to be at 300 km and
200 km, respectively, The solid curves of these figures
represent the results of the case when Az = 25 km while the
dashed curves represent for the case when Az = 4 km, The
curves marked 1, 2 and 3 represent the results for the

day time, evening time and night time situations, as

represented by the conductivity profiles of fig. 3.6.
waer scale‘of these figures gives the distance along field
line as reckoned from .the equator, For successgive calculations;
the winds were assumed to be present 1n different regions.

along such a field line., For a given location of the wind
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region, \HQMU< denotes the maximum value of ¥ for such a

case, Vertical gcale of these figures gives the valué of %ﬁnnxi
Thus a point on these curves represents the maximum value

of Vj (i.e. qﬂnan } when the winds are centred around the point
as obtained from the corresponding point on the Yower scale.
Along with the results of these calculations, a field line
which drops from a given altitude (200 km or 300 km in these
cages) at the equator is also plotted, Top scale of these
figures gives the corresponding altitude which is crossed by
this field line,

The altitude range covered by the winds when'assumed ﬁo'bé‘
present in-different regions . on a field line can be obtéihEd‘
‘using the field line geometry as given in these fipures. The‘
extent of the wind region, for a given Az , is given by
eqn.(12), For example, if Az = & km, the wind region extends
80 km on either side of the centre of the wind region. If the
apogee of the field line is at 300 km and the centre of the wind
region.is at 500 km, the wind region extends from 420 km to
580 km aloﬁg the field line. The altitude range corresponding
to this extent of the wind region is approximately 248 km to
272 km, as can be seen from fig.3.8. |

Field line apogee at 300 km

We first discuss the results of the case when the field'
line apogee is taken to be at 300 km. Results of this case

are shown in fig., 3.8. For the case when Nz =25 km, the
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wind region has an extent of 400 Xim.

It can be seen from fig,3.8 that for /- = 25 km case, ¥, .
has the largest velue at a distance of about 900 km from»the
equator (i.e.in the E region) for the daytime case whereas it

is maximum éround the equator (i.e. in the F region) for the
night time case. The Evening time case has two maxima, in ﬁHéuf 
F region and in the E region, respectively. These results are |
in accordance with the (> profiles (fig. 3.6) ih which, for the
daytime case 5? is maximum in the E'region,while it is maximum
in the F region for the night time base. For the evening time
case, (p values in the 140 km and 300 km regions are almost
equal,

For a source region with an extent of 400 km, it wag found
that the integrated i'p along a field line,h§07ﬂfm is maximum in“j
‘the region around 900 km for the day time éase, around the,\‘ffyb
equator and 900 km for the evening timecase, The ratio of

;GFWMM' to the total integrated (i ,,ﬂq)d;t ( when the

2 T

source is assumed to be situated around the regions mentioned

above) comes out to be about 0.45, 0.40, and 0.25 for the
day time, night time and evening time situations respectively.
Thege values are close to the maximum yalue of \Hmﬂgg for
thése situations,

ﬁf% Resu1ts of £he case when Az = 4 km are also given in
fig. 3.8. These results are essentially similar to the dhes‘” N}
op?ained in ;M;‘= 25 km case, except for theénight tTime o

Siﬁ???ion‘ In the night time casec, Xﬁ}mx has a maxima in the

Lo ihEl
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E region also. This is owing to the shape of the (b profile
in the night time, which has a peak in the E region. Effect
of this shape of -7+ is suppressed (but is still visible) iﬁ*;\\ ;

Nv = 25 case, This suppression is owing to larger length .
of the gource region,

For A7 = 4 km cage, the maximum value of Y., for
different timeé of the day, is more than that obtained for
respective times in Ay = 25 km case., It implies that for
smaller Az , the field in the source region is larger.

Field line apogee at 200 km

Results of the case wheh the field line apogee is at
200 km are presented in fig. 3.9. It can be seen from fig;3,6' j
that (> has the largest valﬁe in the E region, Hénce the »
value of Yﬂngm is expected to be largest only in the E region,
It is indeced so, as can be seen in fig.3.9. Rest of the
features of the results for this case are aqualitatively similar

to the ones obtained in section 3.9.1.

Comparison of Results - Constant Wind Case and Sinusoidal
Wind Case |

We now compare the resﬁlts obtained using the set of
eqns.(29) and (30) with those obtained using eqn.(32) alone.
This comparisoh is necessary to shéw‘that the constant winds
aroundlthe region where éﬁn::w are asgs effective in generating'
electric fields as are the sinusoidal winds}of section 3.4

(Fig.3.3).
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We consider a daytime case for gravity wave winds with
Az = 16 km. We assume that the condition %ﬁxttiis obtained at
a distance of 940 km along a field line which has the apogee at
300 km, For Az = 16 km, the distance . over which the winds |
are in the same direction around K« =0 point is 320 km.

Results of these calculations are presented in fig.3.10
in which curves marked Y, and Y, correspond to the solution of
eqn.(29) and (30) respectively. |/ denotes the total field, aé ,
defined in eqn.(27) and is also plotted as solid curve.

Regults of the caseAwhen‘constant winds are in the region
from 780 km to 1100 km along the field line (centre at 940 km;

tch = 320 km) are also given in fig. 3.10 with dashed curve,
This curve is also labelled as ¥/ .

A comparison of the curves marked | Y| shows that both the
curves have near identical characteristics with nearly same
value, Hence the constant winds around 2, over the distahce
2d as determined by Az y are as efficient in generating
electric fields as are the sinusoidal winds of fig. 3.3. Hence
in the following section, calculations are made with constant

winds present in a limited region.

Calculations with Constant Winds in a Limited Region-Results

and Discussion 3

We now solve egn,(32) for different values of 'z, for
various times of the day. A schematic of the calculations

carried out is given in fig. 3.11.
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Calculations‘were carried out for four different vaiues
of Az : 25 km, 16 km, 9 km and 4 km, For each value of Az,
the cages with the ficld line snogee at 300 km and 200 km wére 
considered., With a given apogee of the field line, two
positionings of the wind regions, in the E region (Case A or
Case C) and in the F region (case B or Case D), were conéidered;
Each of these cases (Case A etc) was investigated for the
daytime (A1, B1 etc), eveningtime (A2, B2 etc), and nighttime’
(A3, B3)etc) situations separately.
A7 = 25 kms

The distance 24, =~ - the extent of the source regioh}
can be calculated uéing eqn.(12) and is 400 km in this case.

Case A - Field line apogee at 300 km and winds in the E region:

The gravity wave winds of same velocity amplitude were
assumed to be present, with centre at 940 km reckoned from the
equator, extending from 740 km to 1140 km along the field 1ine.‘;
The altitude rang: thus covered by the wind region is from
96 km to 214 km in one of the hemispheres. The solid curveé‘
of fig.3.12 give the results of these calculations, in which
curvesg marked (1), (2) and (3) represent the daytime (Aiﬁ /
eveningtime (A2) and nighttime (A3) cases respectively. The
electric field represented by parameter \P is plotted against

the distance along the field line, reckoned from the equator,
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Generation of field in the source region:

It can be seen from fig, 3.12 that fhe maximam field in
the source region is generated durlng the daytime and that the
eveningtime field is larger than the nighttlme field, Thlu is
because, for the daytime case, the wind region overlaps the
region of maximum Op  and outside the wind region, the“
conductivity Up is very small. For the eveningtime oase,
although the wind region overlaps one of the ruglons of
‘maximum Op , its value outsmde the W1nd reglon is nearly
-same., For the nlghttime case, the W1nd rogion doee not overlap .
“the region of maximum Cp . / ‘ L
B It can be seen from flg. 3.12 that in all the cases, the
polarization field in the source region is never. fully |
developed, The field is always less than 0.5 tlmes the wind
~induced field (W x B) For the daytime case, maximum fieid
in the source region is about O. 45 times the (W x B) fleld,
~while it is about 0.24 and 0.09 times the’(ﬁ x B) field for
the evening and night time‘cases respectively, . w

Atternuation of the fields

Since the ionospheric regions are connected through the
conducting geomagnetic fleld lines, the electric field gonerﬁted'
in one region is 11kely to be transmltted to the other reglons.
‘It was shown earlier in sectlon‘3.8 that for large Nz , the
attenuation of the fieldsowill be small, Thekfesults ag given

~in fig.3.12 confirm this feature. For instance, in all the
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three cases, the attenuatlon of the field from the point S
to the equator is less than 0%, ‘That is, an appreciable

fraction of the source fléld is transmiﬁted to the'eQuatof}'”

Cage-B, Field llne apogee at 300 km and w1nds in the F reglon.,

In thls case the W1nds are assumed to be present in the
'F reglon, symmetrically with respect to the equator around the
apogee of the field line, The extent of the wind - reglon belng
* 200 km around the equator, along the field line. The altltude
range thus covered is about 6 km., Results of these calculatlons
are presented in fig.3.12 w1th dashed curves (the curve for |

the case B1 is not plotted as 1ts value was less than 0. 05)

It can be seen from the dashed curves of flg 3 12 that
while there is little difference between the results of tWQ
eveningtime cases (cases A2 and B2), the'daytime (B1) and
nighttime (B3) cases differ 51gn1flcantly from the correspondlnge
cases of case A, | , ‘

v Results of the two evenlngtlme cases are 31m11ar because ?,

ln both the cages the wind reglon overlaps one of the reglon&

of maximum- 5 . This is owing to the shape of the Uf proflle

for the evenlngtlme case (Fig.3. 6) Also, the value of Cp |
in the source region for the two cases in questlon, is almost

equal, For the daytlme case (B1), the wind region does not

overlap the region of maximum Oz o« Thus the generated electric
field is very small. For the nighttime case (B3), the winds

are situated in the region of maximum Up . Also, due to
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very small Pedersen conductivity iﬁ the E region‘during the
nighttime, most of the E region acts as an open circuit to
the source field, Thus, the field is transmitted, as sﬁCh;
to the E region.

The attenuation of thé field, for all the cases, is
again less than 10%.

The results of the nighttime case (BB)‘bring out an
important point. That is, in the nighttime, the dynamo
(source of an electric field) is situated in the F region. -
The field generated in the F region is transmitted to the
lower latitude E region in appreciable magnitude, This
conclusion, on the location of the nighttime dynamo, is
qualitatively similar to the one drawn by Rishbeth (1971)
where he observed that the large scale east west w1nds in the
equatorial F region during the nighttime are capable of
generating electric fields in the F region. These fields

can be transmitted to the E region in appreciable magnitude,

Case.C ~ Field line apogee at 200 km and winds in the B region:

In this case, the winds were assumed to be present in,‘
the region extending from 400 km to 800 km along B, with
their centre at 600 km. The altitude range thus covered by
the wind region is from 100 km to 175 km. For this altitude
range (by considering conductivity profiles upto 200 km
altitude only), it can be seen from fig.3.6 that the region

of maximum ("> is covered in all the three cases. Hence,
J
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large electric fields are expected to be generated in all'the\ {
cases, | \
Solid curves of fig.3.13 give the results of the
calculations for this case. Once again, the curves marked
1,2 and 3 represent the results of the daytime (C1), eveningtime'
(C2) and nighttime (C3) situations respectively. A curve:
marked ! representsthe results of the second nighttime case
corresponding to the electron density profile (rumbered 4) of
fig. 3.5.
It can be seen from fig., 3.13 that the maximumlfieldfin’;wx
the source region is developed during the daytime. Its vélué  \h
being 0.43 times the wind induced (W x B) field, The field

which is transmitted to the equator is about 0.39 times the

(W x B) field. It implies that about 85% of the source regioh‘
field is transmitted to the equator, k
Comparison of the eveningtime (C2) and nighttime (03) 
results shows that, in general, the evening time field is more
than the nighttime field. In the source region, the fieldé
are generated in almost equal amount in both the cases. This
is because of the particular shape of the (ip profile for thév
nighttimé case which has almost constant ¢ in the region
where the winds are assumed to be present, The amount of ﬁhe
field which is transmitted to the equator is approximately
90% and 82% (of the maximum field in the source region) for
the evening and night time cases réspeotively. The maximum

field in the source region for both the cases (C2 and C3) is



about 0.35 times the (W x B) field,

The curve for the second nighttime case (C4) has the
lowest value of | in comparison to the other cases. This is ‘
in accordance with the electron density profile (fig. 3. 5) for
this case,

A comparison of the results obtained in the cases A
and C reveals that the atfenuation of the field is less in
case A, For the daytime situation, the maximum field in the
source region is almost equal in the cases A1 and C1. This
is because in both the cases, the wind region covers the
region of maximum (Y5 , within which the integrated COndudtiviﬁ&:
is essentially equal. Results of the evening énd nighttime |
cases are, however, quite different in the two cases A and C.
For Caée A2, it can be seen from‘fig. 3.13 thaf the value of

VP outside the wind region is comparable to that in the

\

wind region., While in case C2, UZ outside the wind region is
quite small., Hence, the field in case C2 is larger than

in case A2, 1In case AB, the value of Up outside the wind
region is much larger than inside the wind region, while it
is smaller in case C3, Hence the electric field in case“AB
is much smaller than in case C3.

Case D - Field line apogee at 200 km and winds around the

apogee of the field line:

The winds were assumed to be present in the region
+ 200 km (along the field line) around the equator. The

altitude range covered by the wind region is very narrow and
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for the practical purposes it can be assumed that the
conductivities ¢ and Up are constant in the wind region,

Results of the calculations for this case are presented
“in fig. 3.13 as the dashed curves. The general conclusions
drawn from the results of case B are valid for this Caée also,
It can be seen that the maximum field is generated in the
nighttime and the least during the daytime:. The field in the
nighttime (D3) and eveningtime (D2) is about 0,21 and 0.15
times the wind induced field, (W x B), respeofively.

A comparison of results of cases B and D reveals that
the generation of the field is more in case B, This is
because of larger value of integrated&IF in the wind region
in case B as compared to that in case D.

The éttenuation of the fields during the transmission
is again quite small. »

N7 = 16 km

The extent of the source region in this case is 320 km i;i
along the geomagnetic field line. |

Calculations carried out under the conditions
similar to those for Az = 25 km casge were repeated.‘ The
results.of the calculations are presented in:figs. 3:14 and
3.15: It can be seen from these diagrams that the results
of this case are qualitatively similar to those obtained in

section 3.11.1 for Az = 25 case,
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Since the results of this section are not different fromv
those of section 3.,11.1, no further discussion of the results
is necessary,

A.w 9 km

In this case the extent of the wind region is 240 km

along B and the wind region was so situated that it dees hqt,\ {“
necegsarily, overlap the region of maximﬁm Cp in all the caSes; f
For example, in case A, the wind region was from 820 km to’ .
1060 km (alqng g) which corresponds to an altitude of range of‘
about 125 km to 195 km in one of the hemispheres. ‘Similarly;

in case C, in which the field line apogee is at 200 km aZLtitudé',:"":é
the wind region was from about 130 km to 175 km altitude.

Results of this case are presented in figs. 3.16 and 3.17

which correspond to the case with the field line apogee at

300 km and 200 km respectively. It can be seen from these
figures that in this case, the attenuation of the field durlng
transmission is larger than in the cases considered earller

in sections 3.11.1 and 3.11.2. In this case, the attenuation_ 

of the field in case C is more than in casc A, and in Case D is
more than in case B, A good fraction of the (W x B) field is,
however, generated in the source region in cases A1, A2 and

B3 and is transmitted to the other regions also.,




AZ = 4 km

This is the last of the caées congidered for these
studics, For Az = 4 km, wind region is 160 km along a given
field line., Again, the winds were assumed to be centred around
the apogee of the field line in cases B and D, and at a distancé

of 940 km (Case A) and 600 km (case C) from the equator

along B. In cases A and C, the wind region does not overlap
the region of maximum Gp

Results of this case are presented in figs. 3.18 (for
cases A and B) and 3.19 (cases C and D). It can be seen from
these figures that for all the cases, the attenuation of the
field is larger in the E region.

During transmission of the source region fiecld to the
equator, the field suffers an attermation of about 25% in case.
A, while the attermation is more than 50% in case C. These
results, on the atternuation of the field, are in confirmity
to the conclusions drawn in.Section.B.B for small value ofiﬂz_

Although the generation of the field in the source region,

in this case,is more than in the cases considered earlier in
section 3.11.1 through 3.11.3, these fields suffer strong
attenuations and become very small within a short distance.
Hence for small )\z_, appreciable amcunt of the electric field

can not be transmitted to the other regions.
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 Summary:

The generation of electric fields due to the three
dimensional gravity wave winds and their transmission to the
other regions of the ionosphere was investigated in this
chapter. The gravity wave winds in different regions of the
ionosphere with different vertical wavelengths were used to ’
calculate the electric fields at different times of the daygk ﬁ ﬁ

The following are the salient features of this study.

(1) Whilek%zvaries slowly with the dip angle, tgx_vhries
rapidly and undergoes a change of sign (fig. 3.2).
(ii) On a given geomagnetic field line, the wind pattern.arbundm’
‘the point where igquz(j-is symmetrical (figs. 3.3 and 3,4};
This point has been referred to as point S. Around the

point S, the winds remain in the same direction wver a

large distance ( zf):;‘fA7i§ Y. For example, for

foen

;th = 16 km, this distance is 320 km. Away from the

point 5, the wind varies sinusoidally with wavelength
decreasing with increasing distance,

(iii) The electric fields are mainly generated due to the wihds
around S and hence this region has been referred to asfthé:k
source region. The electric fields due to the sinusoidal

winds get shorted, approximately, within a wavelength.

(iv) The geomagnetic field lines act as conductors carrying
current, The rest of the region connected by these field

lines to the source region acts as load.




(vi)
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(v) In the load region, the attenuation of fhe,electric field in-

;cr@aSe&af:;with the decrease of ;ﬁz . For example, fér,
Az = 25 km (fig, 3.12, case A1), the attenuation of the
field from the point § to the equator is less than 10%. o
Similarly for Nz = 16, 9 and 4 km ( Casec A1 in figs. 3,14,
3.16 and 3,18 respectively) the attenuation of the field
is less thanA1O%, about 15% and 25% respectively.

For a given Az, a%%enuation length of the field in
the E and F regions can be calcﬁlated using the expressiOns
as given in section 3.8, For Az %= 25 km, the attenuatio%;J  1v
length in the E and F regions is of the;nrdeﬁ,of 104:ahd_i§?km;a
respectively, These values are in close agreement with the .
one obtained; from fig, 3.12 (Case A1). | o
The generation of the electric field is most efficient*whén

the source region overlaps the region of maximum S . For

cxample, for the daytime case when Up is maximum in the

E regibn, the field is maxibum when the source region is
around 140 km. Similarly for the nighftime case when Cﬁé‘is  ﬁ5
maximum in the F region. the ficld is maximum when the ‘
source is in the F region (fig. 3.14, Az = 16 km caSe}l"

The electric field in the source region is always less{!‘lfi
than the (W x B) field. : However, it}is a substantial ,,af:‘ ¥
fraction of (W x B) field, For example, for Az = 25 Kmfmﬁ

16 km, 9 km and 4 km; the field in the source region is

0.45, 0.43, 0.41, 0.33 times (W x B) field, respectively.




. CHAPTER IV

GENERATION OF EQUATORTAL SPREAD F_IRREGULARITIES DUE TQ THE

GRAVITY WAVE INDUCED ELECTRIC FIELDS

Introduction:

This chapter is devoted to the electron density irregulég\ﬂf
rities in the equatorial F region. The sectionwise breakﬁp of

the studies carried out in this chapter is as follows.

In section 4,2, the VHF radar studies on the equatorial ’
spread F are summarised.

Section 4,3 gives the important results of in—situystudiesfﬁg
on the equatorial F region.,

In section 4.4, the generation mechanisms of the spread F =

irregularities are discussed which rely on either the plasma~

instability mechanisms or the neutral wind induced procesSes;v'

Short comings of these mechanisms are discussed briefly,

in section 4.5,

In section 4.6, a new mechanism for the generation of
spread F irregularities is proposed which is based on the
studies carried out in chapter III.

In section 4,6.2a detailed discussion on the aforesaid

mechanism is given.

Section 4.7 gives the conclusions of the studies cafriedf[

out in this chapter,




' Appearance of diffused echoes on ionograms has

traditionally been termed spread F. The spreading of
F-region icncgram traces was first observed by Berknerand 2
W lls (1934), This spreading of F region traces was ascribed
to the presencé of large scale irregularities. 4 /

Historically, attempts to explain the equatorial spread F .
phenomena began with linear theories. Dungey (1956) was the
first to propose that the equatorial spréad F' phenomena was
duc to Rayleigh -~ Taylor plasma instability, initiated bn the
bottom side of the F region. Dagg (1957) suggested that those
irregularities were ' 7 first produced in the E region and -
| transmitted.td the F region tthugh highly conducting lines of
geomagnetic flux; Martyn (1959) Proposed that thesebirreguw
larities were duc to the E x B drift instability. A similar
proposition, in its effect, was made by Calvert (1963). |

Although the subject of equatorial spread F is more than
forty years old now, untile recently only statistical data .
was évailable‘on it (Shimazaki, 1960; Singleton 1960, 19623 |
Briggs 1964; Herman 19663 Clemesha and Wright 1966; Dyson 1967; -
Singieton.1968}. Chandra and Rastogi (1972) have classified v
the equatorial spread F into range and frequency type,

Recent ?.H.F Radar Studies:

Spread F studies received a new impetus after Farley et al ., 

(1970) published the first comprehensive resultg on spread F

using the coherent backscatter radar obsecrvations made at
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Jicamarca, Peru, The‘Jicamarca radar operates at
50 MHz which corresponds to 3 h irregularity scale size. The
highlights of their results were the presence of 3 m scale.
size irregularities below, at and above the F region peak when
the F region was moving upward, downward or not at all, On the
basis of these observations, Farley et al (1970) conclded
that no existing theories could explain all the features of
spread F irregularities. |

Woodman and LaHoz (1976) using more refined 3 m backscattér
radar observations at Jicamarca showed that spread F could
occur at the topside, at the steep bottom side of the F region
~and in the valley between E and F region with no preferred
direction of the largg scale electric field, It was found,thaﬁ
typically after sunsét, a narrow band of returned échoes came>
from the region below the F peak, and sometimes within an hour
time, irregularities were observed above the F peak, Theée
structures were found to move west ward. They, sometimes,
extended hundreds of km in altitude,vconnecting the top and
the bottom side of the ionosphere. Woodman and LaHoz (1976)
inferred that a Rayleigh~Taylor mechanism was at work in
which bubbles or low density regions of plasma rose from the
bottom side of the F region. |

Altair backscatter radar observations made at Kwajalein
have shown the presence of irregularities with scale sizes
% 1 m. These irregularities were found to be associated

with the regionsAof depleted electron density.
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In-situ studies

In situ measurements of spread F irregularities have
also been made to measure the electron density, fluctuations
in density, chemical eomposition and the wide range of scale
gizes associated with spread F. Mclure et al (1977) using the
AE-C satellite data have observed large scale (10 to» 200 kms)
- depletions in the ion density of upto three orders of‘magnitude,f 
Using the ISIS-I data, Dyson and Benson (1978) have found that
the bubbles extended long distances along the geomagnetic .
field lines. Rocket measurements by Kelly et al (1976) at
Natal, Brazil detected fluctuations in electron density upto
a factor of two in the bottom side F region. Recent electron

density measurements near the dip equator at Shri Harikota

Range (SHAR), India (Prakash et al, 1981) showed the presence
of large clectron density depletions (Figi4.1). The rocket
was launched at 2103 hrs (LT) during a strong spread F as

observed with the ground based ionosonde., The rocket reached |

an apogee of 350 kms. This was the first rocket launch in k‘ L
the Indian zone during spread F condition. A highly variable
and structural clectron density profile was obtained.

Salient fecatures of the clectron density profile during the
rocket ascent are as follows.

(i) The bottom side F layer was around 250 k; in which the
electron density varied by over an order of magnitude within
3=l km, |

(ii) A large valley region extending from about 140 km to
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250 km with eleotfon density around 5 x 10° electron/cc.

(iii) Large structures in the electron density in the region
100 to 150 km in which the electron density varied by more than
a factor of 2 to 3.

(iv) Above 250 km, large depletions in the electron density'
were observed wherein the electron density, at times, varied

as much as by a factor of 4,

The factures in electron density profile during the
rocket descent were essentially same.S ome of the depletions
were even larger than during the ascent, with density varying
by a factor of 8.

The depletions in electron density as observed in this
flight were larger than those reported by Kelley ct al (1976).
But AE Satellites have obscrved the density depletions of three
‘.ordersof magnitude. This discrepancy between rocket and satellite

measurements, still remains unresolved,

.Ion composition measuicments inside “he bubbles indioate  ;{j
that they originate at altitude below F peak (Hanson and .
Sanatani 1971 , Mclure ct al 1977 , Szuszezcevicz 1978) .

Based on the ground based and insitu studies, it is
found that the plasma density irregularities with scale sizes
ranging from hundreds of km down to a few cm are associated
with spread F phenomena. A number of theories have been

proposed to cxplain the generation of this wide scale size

range of irregularity spectrum.
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Theoretical studies

The theories which have been proposed rely either

on the plasma instability or neutral wind induced processéé;‘f‘ﬁj

Plasma Instability mechanism

.With the observations of Woodman and LaHoz (1976)
interest in the Rayleigh-Taylor instability as a causative
mechanism for the gpread F irregularitics was revived,
Scannapieco and Ossakow (1976) performed a nonlinear computer
gsimulation of the ccllisional Rayleigh Taylor instability for
the equatorial spread F geometry. In this, a few percent
perturbation on the bottom side developed due to collisional

Rayleigh Taylor instability and generated bubbles there.

Thesc bubbles then roge up due to non linear polarization
induced E x B motion. Extension of this work (Ossakow ot ai,,"
1979) showed that a high altitude of the F layer peak and or
steep bottom side gradient facilitated faster growth rate and .
large rise velocity of these bubbles. This way they could

show the producticn of irregularities on the bottomgide as

well as on the top side where a linear instability would not

predict any irregularities. Thus when the peak of the F

region was 1ifted from 350 to 430 km, the bubble rise velocity
was found tc be about 160 m/sec which was an order of maghifﬁdé_
larger than that obtained ecarlier by Scannapieco and Oésakow .
(1976). With these computer simulations, Ossakow et al (1979)'1f

could produce bubbles of spatial size of the order of a km
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in the cast-west direction. Although the meter scale size
irregularities could not be produced through this mechanism,
they expected that the steepening bubbles; rising through thefl
F-peak will bifurcate and produce shorter and shorter wavelehgth;;

irrcgularitics either by a cascade or by a two step mechanism.

Neutral winds induccd procesgsces

Chiu and Strauas (1979) have examined the Rayleigh -
Taylor instability in the equatorial ionosphere using the
effects due ﬁo an eagst-west neutral wind and nighttime
polarization fields as suggested by Rishbeth (1971). They
argue that the basic critericn of Rayleigh-Taylor instability .
is satisfied by nighttime bottom side conditions of the
equatorial F layer virtually all the time, yet the ocourrenoe‘
of spread F is extremcly variable not only on the time scale
of days but also shows strong geasonal-longitudinal cffects.
They found that an ecast ward neutral wind, rather than the
gravitational drift, in the bottom side F region can drive
Rayleigh - Taylor instability. They further argue that since
the dominant neutral wind in this region is solar semi diurnal
tide whose amplitude varies with seascon, solar cycle and local
orographic conditions, the spread F occurrence also shows |
~these dependenceg. Thus they suggest that the ionospheric
bubbles originate considerably below the bottom side F layer,
and appear as decp density bite outs when they propagate into

the F region.



They find that the nighttime polarization field which
drives an castward ionospheric dfift, is primafily stabilizing.
Sincé Q:x E drift is of same crder of magnitude, the effect

of the castward E x B drift is to stabilize the wind driven
instability throughout meost of the night., This implies that

the instability is most likely to occur when the ionospheric

drift changeg from the déytime westward pattern to the nightti@
eastward pattern. | ' /‘ :
Rottger (1976), Kloster meyer (1978) and Bocker (1979)/ if
have suggested that gravity wave travelling ionosphefic .
disturbances (TID), i.e., a ncutral atmosphcric phencmena, are
a causge of equatorial spread F. The hundreds of km irregularity
patches and patch ueparqtlnnobserved in the oast—west dlructlon .
during the equatorial sprecad F may be sugges stive of a long
wavelength gravity wave arrangement of the plasma (Rottger,
1976). Kloster meyer has done detailed calculatiocns using‘théf’
spatial resonance mechanism (Whitehead 1971). The icnosphere ;

mist be travelling downward to come intc spatial resonance

with the gravity waves., However, equatorial spread F is ofteﬁ// {
observed to begin when the ionosphere is moving upward and .
so this mechanism can not account for those observations,
Klostermeyer's non linear calculations show that downward ahd

castward moving plasma density depletions could be produced

by the gravity waves. The results cculd not explain the
upWar& and westward bubbles, but Klostermeyer has uugﬂosted

that this TID .effect could provide the sced for upatlally largeli?
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bubbles which are then lifted by the nonlinear collisional
R-T mechanism (Scannapieco and Ossakow, 1976).

Booker (1979) argues that under evening conditions in the
cquatorial regions, there is a band ofVTID frequencies for
which the phase trace speed in}the direction of plasma drift
can be approximately equal to the drift speed., When this

happens, the band of TIDs is amplified, This band of TID

is then pulled out of the neisc and is amplified until it
breaks. When it breaks, many types of plasma instabilities,

including the Rayleigh-Taylor, are excited.

Shortcomings in the carlicr mechanisms

From the foregoing discussion it is clear that there
are two schcols of thoughts tc account for the spread F
phenomena, While once of these entirely relics on the plasma
instability mechanism, the Raylecigh - Taylor instability, the
other ascribes it entirely to the neutral atmospheric dynémiCs,~
winds, the acoustic gravity waves. There exists a persuasive .
cvidence to justify both the approaches. It seems unlikely i
that either of these two approaches can explain all the |
observations. The plasma instability processes alone become

a weak case duc to

(1)‘spréad F' occurrence stgtistics
(2) requirement of large initial amplitude perturbaticns in
electron density.

Observations have shown that although the basic criterion
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for the excitation of Rayleigh -~ Taylor instability is

satisfied almost on all the nights, spread F is not obserVed

on all the nights., Also, if the Rayleigh - Taylor instability
is to grow from the thermal fluctuation level, it will require
‘ueveral e—foldlng growth time to grew to an appreciable and
aet@ctable amplitudes whereas spread F is obscrved scon after .
the sun set, |

At this stage it is worthwhile to comment on the inifial

perturbatl n magnitude qf tho irregularitics as usod by OSS?KOW .
et al (1979). They have used initial perturbatlon, in the .
electron density, to be + 5% for irregularities of scale sizes

£ 1.6 km in the east-west direction, and + 2.5% for irrégue
larities of scale sizes greater than 1.6 km but less than

3.2 km, These perturbations after scme 30 minutes grew to
give a maximum depletion (enhancement) of 27% (23%). There is
however, no Jjustification te assume such large initial pertur~
bation magnitudes for the instability which should grow from |
the thermal fluctuation level, Evidently, uuch large initial
perturbations on which the Rayleigh - Tayln” 1nstab111ty grows,rﬁy
rcquirés some other mechanism to produce them. o will return
to this point later.

Spatial rescmance theory (Klecstermeyer. 1978 , Booker

1979) also sﬁffors from a predetermined direction of the zero
order clectrostatic field for the gravity wave phésevvelooity
to come intc a spatial rescnance with the drifting p%gsma where-

as the observations of Farley et al (1970) show that spread F
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occurrence does not relate to any préferred direction of the
clectrostatic field.

To account for the topside spread F the bubble theory
has been put forward, In which regions of low density plasma
rise due to nonlinear polarization induced E x B drift., Since
the F region plasma is incompressible, transport of the plasma
from other fegions has to take place to account for.the large
structures in the plasma density. The bubblecs thus havé to be
generated in the bottom side. But the question which remains
to be answered is as what initiates the bubble formation, |
whether the Rayleigh Taylor instability or the gravity waves?f;ik
Anderson and»Haerenﬂel (1979) have calculated the polarizatiohf
electric field, inside a bubble using the flux tube integratéd
eleotron,deﬁsity and cenductivity., The bubble, as defined by
them, is a ?egign,of depleted plasma density along the flux
tube, This:definition of bubble stemg from the Aloutte 2 and
ISIS~I Satellite measurements of Dyson and Benson (1978). The
expression for the pclarization field inside a bubble is given

by [

L 4] » { .
F, = — ko + %jkl? (nbg =N ' (1)
- 1 Z L - ﬁ~<’.\ zi ° ! ) . )

where 'Elﬂ_il) TQQCPQ1) arc the flux tube:integratedf

?
Pedersen cenductivity and electron density outside (inside)

the bubbleJMthe background density gradient length, g, is the
gravitational acc®™ and {le is ion neutral collision frequency.

This cxpression emphasises the importance of background

electric field E;o (which was taken to be due east) and the
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density gradient length scale for the acceleration of a
bubble. An eastward background electric field (when N1«i‘ No ) *
facilities faster rise velocity of a bubble, In the initial |
stages, Eo is very important for large rise velocity of the
bubble. When E1 exceeds a limiting value, direction of E
- 1s no longer of great significance and even if E reverses,
the bubble may continue to rise,

Thus it is clear that both the background field and fhe_

density gradient scale length play an important role.

Spread F iryegglarities due to the gravity waves induced fields:

In the previous chapter we have shown how the fluctuating’:; 
electric fields can be generated due to fhe gravity wavekwindS 
during different periods of the day ahd what fraction'of.theSe‘
fields can be transmitted to different regions of the iohos-
phere. In what follows, we examine the role of gravity wave
ihduced electric fields in the production of spread F irregulae'

rities through plasma transport.

It was found that the gravity wave induced electric

fields (GWEF) are generated most efficiently if the region.

where ¥E%¢f\o overlaps the region of maximum Pedersen
conductiVity. Depending upon.the'conductivity profile,

it was found that the gravity waves can produce electric fields

not only in the E region but in the F region also. Since the
GWEF have practically no variation along the field line and

hence can be represented as
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- — oy ¢ ~ ~ i ;

where‘%v and ki are components of the gravity wave vector in the

y and”’z directicns and w”j\f.are the peak amplitudes of the |

electric fields in the respective directlonsjAL is the wave .

frequency. Eqn.(2) shows that the GWEF do not have any component ‘

along the magnetic field. k
The coordinate system is such that the x axis is along B,

v axis towards magnetic west and 2z axis i1s upward and perpendi;

cular to both x and y axes,

Theory

The ion velocity in presence of an electric field E and

wind W, is given by (Macléoﬂ 1966)

] ¢ oW W j W W
\/ N - e e ) + }' \-- — h_ X _‘__ —— k t {: L *_ \‘ ‘ & g \}
-t (5 (’H‘ P\ ) 1 R\ - Q ) B R - - = N
i:w = L +WxB (4

and E is the polarization field. Rest of the terms have their
usual meanings. \
In eqn.(3), background d.c. electric field has not been
included, However, its effect can be taken into account at
will,
Using cqn.(2) and alsc that Ri<< 1 above 150 km altitude,

eqn. (3) reduces to

V¢ X b\-u,\l (5)
- B--’;. .

Eqn.(5) contains both the GWEF and local gravity wave wind
terms. We first discuss the irregularity production due to the

GWEF alone, neglecting the wind term for the time being.
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Calculating the divergence of ion flux in rest franme we’ get,
Ly AN (ry

NVANVe) = B V. (ExB) 4 e N by o o

'''' 34 ) t oz

since the electr;p field is electrostatic, the first term
on the r.h.s of eqn.(6) is equal to zero. Thus it is clear
that the electric field by itself does not produce the
ionization irregularities but requires an electron density
gradient. |

At this stage it is quite illustrative to understand

the nature of F region plasma using the ion continuity equation

which is

‘cf

— G, _ [~
\JC—MMN\).-V L \7)
where the terms have their usual meanings., In the nighttime,
the production and lcss terms in the F region ioncsphere can be
ignofed, and transforming the equation in the frame which moves‘g;

With the plasma we get,

d&! LYV =0 (%)
In this cas%, since ygis sclely due to the E x B drift and E
a is electrostatic, divergence of V({ is equal to zero hence

N — (O _ (4)

Thus in the F region, density in an elcment of plasma remaing
unaltered with time. This implies that the plasma is incom-
pressible in the F region., Coming back to eQn.(6) which is
expressed in the rest frame

T = 2 €y o




112

The ion density N consists of background density Mo s
which has large scale gradients, the perturbaticn density n,
having same variational form as the GWEF and another pertur-
bation density n, which does not have the variational form

of the GWEF and is ascribable to other effects. Thus

UN _ dMe, by a ik
o= Jou. AN ; A 1 . i
By 2yt Ryn 47 Ry 1y

R I
R .. {4 }

where Fﬁj and Kéi are the wave numbers assignable to the
perturbation which does not have the variaticnal form of'the

GWEF, Substituting fer varicus terms in eqn, (10) from eqn.(11)f

we get,
s Ty s 4 - s T Aka Ny {1 e R
N ( N \_/ L ) = -—\k = (71!-) - o C—,—_l“ \, -+ l.',_‘..l { Tz K( - by Ry )
v |;A s ,," fand l-.'.'") N
. ! s ’ " o - b 3 X 3 ;
B —L i \.’\’_:1 '\TLZ;,: - \"i;g_ ‘?"41 ) & 15}

since the fields are electrostatic, the 1ést term in eqn{(12) ’
is zero indicating that the irregularity production due to a
given field does not depen?l on the perturbation it produces

in the electron density. Defining the electron density

scale length,

4\ i on o l o { \‘ e =
R . Ny e T e e ( \ 5 ]
he ozl b 0y Lo

cqn. (12) reduces to

gy ) - e Er Byl (Mgl b L ary

-
-

In chapter III we have found that the amplitude of L
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the GWEF is given by ,
Fog - 9’“% Y s)
where the tormu have been deflned in chapter III. Using

eqns.(2) and (15), eqn.(14) becomes, .
7. (WVD ) = N YA Woyfly + Woz[iz)exp wmw Z- m)}«a
+ lnl\}«\f\.‘oykyi%—wtw Rzi) ?ng R‘j‘\'hﬁq 3+L“l-zjk21)z ..(L{}

(1)

The second term of eqn.(16) shows that irregularities smaller

or larger than the scale sizes asscoclated with the given gravityw”
wave are produced depending on whether the wave vectors are in; ?'
the opposite or in the same direction. Also, it can be seen
from eqn,(16) that irregularities produced due to this
mechanism are field aligned as terms in egn(16) are independent
of ¥ o While L is dominant all the time, tho term containingu 
\mg may be significant only during presunrisg and past sunset"
hours. ‘

Production of irregularitics

In chapter IIT it was found that the value of WV depends
on the conductivity preofile, locaticn of the scurce region
and also on the gravity wave parameters, like vertical wave-
lengﬁh.‘ Feor a gravity wave with a vertical wavélbngth of

K S PRRI I o OB
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16 km, the value of “Apat the equator, in different situations

is given in table 4.,1. It can be seen from table 4,1 that for

a field line apogee at 200 km, the value of %9 is always
larger when the gravity waves are present in the E region.

In the case when the field line apogee is at 300 km, the value
of W during the evening time is more for the gravity waves
in the B region than that due to the gravity waves in the

F region. Converse is true in the night. As the convergence
rate is proportional to W, its value will be in accordance

with the value of A

In the following section, we examine the irregularity

production at the bottom of the F layer, at an altitude of
250 km. We choose this altitude because the in-situ méaSuremehtsgé
of the electron density during strong spread F have shown that ;' ﬂ
the gradient in the electron density were largest in the 25kam v;Qi
altitude region. If we consider a situation when the field .

line apogee is at 250 km, the values of Y/ at 250 km can be

assumed to be the mean between the values at 200 and 300 km.,
These values are also given in table 4.1. It may pointed out
that the daytime, even ingtime and nighttime situations are
represented by the conductivity profiles given in chapter III,
and should not be mistaken otherwise.

For the formation of irregularities, the convergence rate
should be larger than the recombination or the attatchment
like recombination rate. With a given electron density N, the

loss rate due to the attachment is 10'4N/cc /sec. Assuming
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Woz = 20 m/sec, L
the eveningtime and nighttime when,the winds are in the E reglon
convcrgenco %5 rate 4. -
/is 7.6 x 167N, 5 x 107 N and 274 x 107

s = 100 km during the daytime, and 10 km durlng

N/cc/sec. during the
day, evening and nighttime, respectively. Thus the electroﬁ
density irregularities can be produced both during the evening
and nighttime, k
If the gravity wave winds are in the F region, around
250 km altitude, the convergence rates (using the value of ‘y
given in table 4,1) during the day, evening and nighttime

6 -4

is 2 x 107°N, 3 x 107 N and 5.2 x 10'4N/oc/seo, respectively.

Hence, the gravity waves in the F region can produce irregu-
larities in the F region, both during the evening and nighttime.

For a given value of convergence rate, the amplitude of
the irregularity depends on the period for which it can grow,
The growth period depends on the period of the GWEF, in plaémé
frame of reference.

Begides the GWEF, the large scale electric fields ( E}L)_
are also present in the equatorial F region. These large scale
electric fieldsvgive rise to the general drift of the plasma,
If the plasma is not drifting, i.e. E = 03 the ion cohvergence U;
due to the GWEF at a given place would take place for half the
wave period. In the other half of the wave period the
irregularity will annihilate, and the cycle repeats itself,

If the plasma is drifting due to non zero EL, thig time
period would be half the Doppler shifted time period which

would be larger when the phase velocity of the GWEF is close to,
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and in the direction of plasma drift velocity. In such a
gsituation, the amplitude of the irregularity will grow for a
longer length of time., If the phase gelocity of the GWEF is
in direction opposite to the plasma-drift, thé growth period
would be much smaller, |

The phase velocity of the GWEF would be in accordance
with the phase velocity of the gravity waves geherating them.
Thus the phase velocity of the GWEF would be in downWard or :
upward direction, depending on whether the gravity wave is .

propagating upward or downward. The F region plasma is known

to drift both in upward and downward directions., Irrespective |
of the direction of the plasma drift and the direction of the
phase velocity of the gravity waves, the proposed mechanism
will generate the electron density irregularities.

A rough estimate of the percentage amplitude of the
irregularities due to the GWEF can be made. If the Doppler . .
shifted time is such that 5 .» = minute (say) are available,

for the growth of the irregularities, then the percentage

amplitude of the irregularities during the eveningtime when the
gravity waves are in the B region is (after putting for wvarious
terms in the continuity equation and neglecting the production

term)

En ( 5 x 10

N
That is irregularities with 12% amplitude (peak to peak 24%)

b 10’4) x5 x 60 = 0.12

over the background electron density can be produced. If the
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Doppler shifted time period is large, the amplitude of the
irregularities would be cven larger. But this is a linear
estimate which should fail for larger amplitude. Rather
nonlinear growth would take place which may result in the
generation of smaller scale irregularities due to breaking of
such large amplitude irregularities.

Growth of the irregularities due to the GWEF is 1inear’   ;ﬁ
with time and unlike the Réyleigh-Taylor instabilityAmeohaniém;\“\
it does not require a pre-existing irregularity amplitude.
Hence in the initial stages, it grows faster than the R - T
instabiXity which, in the absence of other irregularities,
should start from the thermal fluctuation level and thereafter
grows exponentiélly. Before growing to appreciable magnitude,
the RTI would therefore requiré several growth periods to
produce irregularities of appreciable magnitude, Hence onlyk
after reaching a certain level, the exponential growth of ﬁhe;: \
RTI would be faster than the linear growth provided by thé |
GWEF mechanism. As the irregularities produced by the GWEF
are larger in amplitude in the initial stages, they would act;
very effectively, as a seed for the growth of the Rayleight .
Taylor instability,

In the following we discuss the relative importance'of
the gravity waves in the E and in the F region in generation
of the irregularities by noting some facts about these in the

two regions.,




118

Beer (1974) has presented theoretical estimates of
minimum vertical wavelength of the gravity waves in different
altifudes. At an altitude of about 100 km, the minimum vertical
scale size is about 10 km while it is about 50 km at an
altitude of 150 km. The minimum scale size increases with ‘the
altitude because of the following two reasons.

Gravity waves, during their transmission from lower
regions to upper regions of the atmosphere suffer atteruation
and reflection (Pitteway and Hines 1963, 1965), Atternuation
ofAthe gravity waves is due to the molecular viscosity and .
thermal conduction, Evidently, the gravity waves with smaller
scale sizes should be more attenuated, Attenmation of the
waves-in the lower regions results in a restricted 5ca1e size
spectrum of the waves in the upper regions.

Reflection of the gravity waves is due to the gradients
in neutral gas temperature and the wind shears which have a
larger value in the lower regions. Hence most of the waves
are reflected below an altitude of about 200 km. Thus in the
E fegionﬁ, gravity waves with both upward and downward phase
propagation exist, This implies that in the E region, the
gravity waves have a richer scale size spectrum with both
upward and downward propagating waves.

The aforesaid arguments on the scale size of the gravity
waves in the F region rule out the possibility that the gravity
waves with 15~20 kﬁigre present in the F region. In-situ

neagurements of electron density in the equatorial F region
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(e.g.Prakash et al, 1981) reveal that the large scale
irregularitiés have wertical wavelengths of the order of 10 km.

It has been pointedvout in chapter III that the generation
of thebGWEF ( which in turn give rise to the electron density
irregularities in the F region) depends on the Pedersen \
conductivity,(j@ . CYﬁ;depends on the electron density and the
ion neutral collision frequency, Hence any increase in the
electron density in the source region would result in the
generation of larger electric field, and the transmitted field
will also be larger. The layers of ionization in the altitude
range 100 to 120 km during the evening and nighttime is quite
akcommOn feature., In such cases, if the source is in the E
region, the generated field would be even larger thathhose
calculated in chapter III.

Hence all the aforesaid arguments are in favour of the
E region gravity wave winds in .- producing the irregularities’
in the F region. Also the evening and nighttime are more
suifable for their generation.

The vertical gradient scale length used in our calculations
is 10 km during the évening and nighttime, Recent rocket
measurements (Prakash et al 1981) reveal that L, could be as
small as &4 km at an altitude of 250 km. Hence the convergenpe\’:
rate could be larger than calculated earlier. Therefore, thé\  |
irregularities of even larger amplitude can be produced through

the mechanism proposed here., Or in otherwords, if the Doppler
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shifted period were less than _the'assumed_period of 5 minute,
irregularities with the same amplitude can be produced. :
There is a radical difference between the mechanism
proposed here for the production of the spread F irregularities
and that proposed by Booker (1979} and Klostermeyer (1978)
using the gravity wave winds. In their theories, the irregula--
rities are produced by the gravity wave directly through the
interaction with the ambient plasma over sufficiently long period
of time. This requires that the gravity waves should be present
in the region where the irregularities are produced., Also,
these theories do not explain the production of spread F |
irregularities before the reversal of the background filed.
The mechanism proposed here is based on the interaction of the
gravity wave winds with the ionospheric plasma, resulting in the
generation of electric field. These fieldsfin.presenoe of the
background electron density gradients, produce the electron
density irregularities., For the production of irregularities
in the ecuatorial F region, the mechanism does not recquire that
the gravity waves be present in the F region., Instead, the '
gravity waves ih.the E region, during the evening and nighttime
-can produce the irregularities 1n the F region morc efflolently

;than.the grav1ty waves in the F region.

Conclusions:

In this chapter, the electron density irregularities

in the equatorial F region have been discussed. A new mechanism




for the genération of the spread F irregularitieg hag beenf 
proposed using the gravity wave induced electric fields (GWEF) .

The salient features of the studies carried out in this chapter

are as follows;

(i)  The GWEF, in presence of the background electron density
gradients, are capable of producing the electron density
irregularities. The production of the irregularities through
this mechanism does not require the brenexisting eléctron
density irregularities.

(i1)  The irregularities thus produced have a somewhat
sinusoidal shape and these may grow nonlinearly depending

on the direction of the background electric field, If the
background electric field is such that the plasma drifts in the
direction of the phase velocity of the gravity wave, and that
the two velocities are nearly gamc for sometime, the irregﬁla;
rities can grow to a very large amplitude, Even if the two
velocities are not in the same direction, irregularities of

smaller amplitude would still be produced.

(1ii)  Unlike the other mechanisms using the gravity wave winds
for the'production4of the irregularities in the F region,
in our case, the gravity waves need not be in the region where
the irregularities are produced. For the cage when the field
line apogee is at 200 ki, the gravity waves in the E region
will be more effective than those in the F region (at 200 km)

both during the evening and night. In the case when the field



122

line apogee is at 300 km, the gravity waves in the E region
during the eveningtime will be more effective in producing

the irregularities. In the case when the field line apogee is
at 250 km, gravity waves in the E region during the evening and

nighttime are more effective,

(iv) Since the growth of the irregularities due to the GVEF is
linear with time, they grow faster than the ones produced by the
Rayleigh-Taylor instability mechanism. As the irregularities
generated through the R-T mechanism should grow from the thermal
fluctuation level, hence they would require several e—folding\

growth timesto be of significant amplitude.

(v) The irregularities due to the GWEF may facilitate the

growth of the R-T instability by acting as a seed to the latter,
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CHAPTER V

ELECTRIC FIELDS AND ELECTRON DENSITY MEASUREMENTS IN THE

EQUATORIAL E REGION

This chapter contains the experimental studies on the
measﬁbements of electric fields and electron density in the
eqdatorial E region. The experiments were conducted from
Thumba, India when the electrojet was strong; as cdnfirmed by
the appearance of type I echoes observed using the grOundbased"a
VHF backscatter radar,

While the electric field exgeriment was solely a PRL
project, the electron density ggperiment was carried outféé.a‘
part of ISRO-CNES collaborative programme. |

The rocket with th: electric field payload was latnched
from Thumba, India on December 1, 1978 ét1236thrs IST.

The set of rockets each carrying Indian and French payloads,
for the measurement of electron density were launched on
August 25, 1979 at 1151 hrs IST and August .31, 1979 at1121 hrs
IST, respectively. -

These studies are presented in section A and in ..etion B.
Sextion 4 s devotod to the clectrie ficld measurcments while
scetion B io om the cleetron dengity measurements, Contents

of thiucchapter are as follows,



Section A -~ Electric Field Measurements

5.1 Introduction
5.2 Measurement techniques
5.2,17 Artificial barium cloud method

5.2.2 Dopplershift of radar backscattered signals

5.2,3 Langmuir double probe technique

5.3 Measurements with Langmuir double probes at Thumba,India
5.3.1 The present approeach |
5.3.2 Sensor mounting

5.3.3 Payload

5.4 Results and Discussions

Section B = Electron Density‘Measurements

5.5 Introduction

5.6 Mutual admittance probe system
5.6.1 ‘Transmitter

5.6,2 Receiver

5.643 Frequency marker circuit

5.7 Data Amalysis

5.8 Results and Discussions

Section A - Electric Fields Measurements

5.1 . Introduction '
: the :
Besides being ambient parameter of/medium, electric fields
in the ionosphere and magnetosphere are very important to
various physical processes operative in these regions. In the

equatorial E and F region, they are responsible for the
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equatorial electrojet, equatorial anomaly and maintenance of
nighttime E layer, Also, theyAare basic to various plasma
instabilities in the equatorial E and F regions, giving fise\to
electron density irregularities.

Importance of electric fields was realised long time ago
and since then, attempts have been made to measure these using
different techniques. However, the efforts to measure the
electric fields using the insitu probes, at the equator, are
few. The reason for a limited number of attempts being the
difficulties in meas suring these fields, as will be discussed
la@er.

The present knowledge of electric fields in the equatorlal
glectrojet region ig mainly derived from the Phase velocity
measurements of the electron density irregularities using the
VHF backscatter radars at Jicamarca, Peru and Thumba, India.

But these measurements suffer on account of low height resolution,
and also since these measurements are indirect, have certain
limitationg,

An estimate of the electric fields in the electrojet region
was made by Subbaraya et al (1972) from the electrojet currents,
calculated using the data of rocket borne magnetometers, and from
the electron density measurements using the Langmuir probes.

It was found that the electrojet peak (determined by the current
density profile) was at 106 km, which was consistently above
- the €3 peak. The kg profile was calculated using the neutral

density model and the observed electron density profiles, Since
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the electrojet current is given by J -t:(ﬁLEp where EZP is

the primary east-west field. If one assumes L to be

independent of height, (', peak should coincide with the peak

in the current Q . The observed difference in the height of

the two peaks would mean that actual conductivity profile is
different from what had been evaluated. This could be due to
inadequacies in the neutral atmospheric model used,f‘Quiteva
drastic change in the atmospheric models would be needed to 1lift
the @3 profiles upwards by about 5 km and make the peak ihfI%
profile and the current profile coincide.

The other argument to explain the discrepency in the'peaks'
of 3} and C% was based on the vertical variation of the
primary east-west field. Thus the electric field measurements
are very cssential to the development of electrojet models.

Rocket borne studies of the electron density irregularitiééﬁf
at Thumba, India, showed that when the electrojet currents were
strong, the amplitude profile of small scale ( 1-15') irre-
gularities was very well correlated with the profile of the
drift velocity of clectrons (Prakash et al, 1971). As has been
pointed out in Chapter III, the only mechanism put forward
for the direct generation of small scale irregularities in thé
equatorial electrojet is the two stream instability mechanism
which requires a threshold value of the electron drift velooity
relative to the ions. The rocket borne studies (loc.cit)
have shown that although the threshold criterion was not

satisfied, irregularities were observed. For these studies,
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the currents were derived from_the measurement of proton
precession magnetometers which had a height resolution of a .
few km. In addition, the currents derived from the magneto#
meters are based on the assumption that the currents are k
constant over a large distance in the north south directibn;
Hence, the studies carried out earlier, do not rule out thea
possibility of the threshold criterion being satisfied in.tbe
localised regions. In fact, there are indications of the 1
threshold criterion for the excitation of two stream plasma;f

instability getting satisfied in the localised region, as the

small scale irregularities were observed in the form of bursts.

This would imply that fluctuating electric fields of large
amplitude are present in the localised regions{

Thus a comprehensive study of both largé scale (dc) and
small scale (ac) electric fields in the equatorial eleotrojét

region:. is esecntisl,

5.2 Measurement Techniques:
The electric field measurement techniques can broadly
be clasgiiied under two heads,

(a) Bulk flow method

Of this, the most widely used methods at the equator are
(i) Artificial Barium cloud method
(ii) Dopplershifts of radar backscattered sigrals.

In the bulkflow method of measurements, the plasma bulk
flow velocity VB, is determined and the electric field is

calculated using the relation y¢5 ::(Eifﬁii/%%é (L)
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(b) Langmuir double proge technidque

In,this, potential differenoe between a pair of sehsore
that are placed in the 1onosphere is mcauured The eleetric'
fleld is obtalned by leldlng the potentlal dlfference w1th the
separatlon dlstance between the two senuors. |

| We now dlscues brlefly, these technlques and thelr
appllcablllty to measurlng the electric fields in the
ionosphere,

Artificial Barium Cloud Method:

In this method of measuring electric fields, 1onlzable
vapors are released at suitable altitude in the sunllt 1onos—e’
phere. The Sun's ultrav1olet radiation ionizes these vapors
and these ions resonantly scatter the sunlight at seVeralk
wavelengths which is visible in the red part of the visible
gpectrum. By following the subsequent motion of ions by
groundbased optical techniques, the electric field is obtained
by using the trajectory of these élouds. There is a complex
relatlonehlp between the cloud velocity and the perpendicular
electric field Wthh under certain assumptions,is glven by

(e.g. Mozer 1972)

\\'/ v e (
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l@xath= neutral cloud velocity in the reference frame fixed
with the earth and its perpendicular component.

t El}= the ionospheric electric field in the fixed frame
of reference and its pérpendicular cbmponent.

This technique is useful only for the measurements of
large scale electric fields. The major disadvantage of thig
technique is that the field measurements can be made only at
the twilight hours. In addition, this technique can not be
used to measure the electric fields in the electrojet region
as the technique is usable only above 130 km altitude.

Electric field measurements at the equator have been made
by Reiger (1971) and Anmandarao et al (1976 b) using this\\\

technique,

Dopplerghifts of radar backscattered signals:

This method is based on the scattering of an electro-
magnetic wave., Electromagnetic waves of frequencies, much
higher than the plasma frequency of the medium are backscattered
Incoherent scattering occurs if the electron mean free path
exceeds the radio wavelength and also the séale gsize of the
irregularities, occuring satistically owing to the random

thermal motion.

In the absence of the irregularities (other than those
due to the thermal motion), the Dopplershift in the back-
scattered signal (compared to the transmitter frequency)
gives the bulk velocity of the ionosphere. The electric field

can be calculated using the eqn.(1).
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In the presence of the 1rregular1t1es, the Doppler shlft
1n the bﬁckscattered 31gnal glves the phase v01001ty of the
1rregular1t1es in the medlum. If the mechanlsm for the gene-
ratlon of 1rregularlt1cu is identlfled thls ve1001ty can be
rolated to the bulk velccity of the medium, |

The major drawbaok of the technlque is that the Doppler—
shift can be caused by the motlons other than the E x B drifts"
such ae, the motion of the neutral atmosphere, gravxty waves, '
contraction of the F layer etc, Also, W1th one given settlng
of the ansenna, only one component of the fleld can be deduced
Hence, 81multaneous measurement for various components of the
electrlc fleld cannot be made using this technlque. |

At the equator, the electric fields have been deduced
using this technique by Balsley (1965, 1969), Carru ot al (1967),
Woodman and Hagfors (1969), Farley et al (1970) and Prakash |
and Muralikrishna (1979) etc,

Langmuir double probe technique:

This is an insitu tedhnique of measuring electric fields.
This technique has widely been used on board balloons, rockets
and satellltcs. |

The voltage between a pair of isolated conduotors on
board a space vehicle, separated by a distance d in the

1onospherlc plasma is given by (Mozer, 1968)

/R ) + R, /R
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where %’ is the electric field in the moving frame of
reference and is related to the field (E) in the earth fixed
frame by

o . I
E = E+Vxb ()

V is the velobity of the moving frame with respect to the earth,
R1 and R2 are the sheath impedances for the sensors one and two
regspectively., R is the input impedance of'the measuring device,
V, is the floating potential of sensor one when R = Qb.\ﬁizl
is the work function of sensor one., Thus ( WF, = WF, ) is the
difference in contact potentials of the two sensors. _

While it is desired to measure E, the rest of the terms:f
appearing in eqn(3) are the error terms. In the following,_we, ii
investigate the importance of each term of eqn.(3). 7

V x B field

A conductor moving with a velocity V,in presence of
magnetic field (B), developes an induced electric field V x B.
In the ionosphere; the induced electric field can be very much
larger than the ambient electric field E. In the equatorial
E region, the horizontal and vertical fields have been estimatedi
to be about 0.5 ‘WWbﬁmand 10-15 lW“#w;,respectively. Thus, ‘
in case of a rocket moving with a vertical velocity of 1 km/sec
and horizontal velocity of 300 m/sec, the induced eleofric‘
field in the horizontal and vertical direction is 30 -mV/m and
9 mV/m, respectively. Hence the errors due to the V x B effect
is 60 times the ambient horizontal field, while it is of the

same order of magnitude in case of the vertical electric field.
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The V x B field can be calculated if the velocity vector
and the orientation of the rocket with the geomagnetic field
~are known verykaccurately. To measure the horizontal eléctric’
field with an accuracy of 0.1 mV ( the peak electric field is,
say, 1mV/m);‘the agpect information at the equator, should be
- availablé with an accuracy better than 1/5 of a degree. This

requires a highly sophisticated aspect sensing device to measuréyv

the horizontal electric field. The requirements for the
measurements of vertical electric fields are not so stringent.

WF1 - WF2 term

The error field duc to the difference in contact potentialsif

of the sensors is, to first order, a dc field . This differen¢e f”
could be as large as a few hundred millivolts if proper
precautions are not taken. Rotation of the rocket can be made

use of to eliminmate this error field, as this would appear as a

dc offset voltage in the output. However, this method can bé_\h

used only to correct the field perpendicular to the spin axis

of the rocket,

Another difficulty in the measurements arises if the work
function on the surface of the sensor is not uniform. An ac
signal would be generated when a sphere having differing work
functions on its surface rotates in an anisotropic medium. This
signal may be even larger compared to the fields present in the

medium,
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To minimise the effects due to the difference in.contadt
potentials of the sensors, the sensors are coated with carbon
to have a surface with uniform work function. . Laboratofy
exﬁeriments have shown that this type of coating givés-quiteu ?';J
satisfactory results. .

V1 - V2 term

Tonospheric plasma is anisotropic due to the bresence of,
the geomagnetic fieid. The anisotropic character of the medium
may result in differing floating potentials of the two Sensors,
To minimise-this effect, the sensors are made symmetric'and‘areinu
mounted symmetrically withvrespect to each other and the axisf
of the rocket. The major source of errbr arises due to the
rocket wake which can not be accounted for or predicfed. Théa& 
only way to surmount the problem is to mount the sensors oh
“booms which are appreciably long so as to keep the sensors awayi
from the rocket body.

The denominator term:

This term arises due to the fact that the input devicé
which measures the difference in potentials of the two sensors
does not have an infinite input impedance (Ry. The errors
arising due to this can be made small by using the input deViCe'
which has a very high input impedance or by decreasing the
sheath impedance (R1 and RZ)' Thig decrease can be‘affected
by feeding a small, finite electron current to the sensors.

The value of the current should be small enough to keep the

potentials of sensors in the vicinity of the floating potential




134
and that it should never become positive. The theory of this
technique has been given by Falheson (1967) and has been

employed on several experiments (e.g.Falheson et al, 1970).

Measurements with Langmuir Double Probesg at Thumba, India:

The Langmuir double probes technique has been used to
measure the electric fields in the auroral zones (e.g.Mozer and

Falheson, 1970). While the ambient electric fields in the

auroral zone are large compared to the low latitude fields,
the error fields due to the V x B effect are smaller. Attempts
to measure the electric fields over the equator, at Thumba,Indias

have been made ( Sartial, 1972). The values of the horizontal

electric field from this experiment were an order of magnitudé\ﬁ
larger than those estimated theoretically, Results on the
fluctuating horizontal electric fields have been reported byk
‘Sampath and Sastry (1979) - They observed the fluctuating flelds&}
&1n the altitude range 87 to 103 km. However, they did not
carry out any quantitative studies of these fields,

Because of the uncertainties in the contaot.poféntials of
the sensors, it is very difficult to measure the large scale
(de) vertical fields. However, fluctuations and the large scale
variation in the vertical field with the altitude can be measufedn
using the "Sample and hold" method described in section 5.3.3.,
To-eliminate the V x B effect, we had proﬁosed a new technique,
which was also put to test. Thus the aims of the experimeht
were

(i) To put to test a technique to eliminate the V x B effect
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(ii) To measure the small and large scale variations in the
vertical electric field,

The present appronch:

As has been pointed out earlier, the main difficulty in
the measurements of electric field arises due to the fact that
the induced electric field is much larger than the ambient
electric field E. ¥V x B term can not be measured and hence
has to be calculated, For an accuracy of 10% in the horizontal
electric field (nominal value be 1 mV/m) measurements at thé| ”
equator, the factor V x B should be known with an accufacy éf
0.3%. The principle of the technique, proposed by us, is as
follows.

As shown in fig.5.1, let C and D be two sensors introduced
into the plasma on two booms extended on cither side of the
rocket. The two sensors will develop the potentials depending
on the plasma parameters and the ambient electric field. The

potential difference between C and D when they are stationary is

\/ \/1\ s {0’4.() ) (r\

¢ .
where ( {, + . ) is the separation distance between the two;7ﬁf
sensors. If C and D move with the rocket with a velocity YV,

the potential difference between them is given by

(E+VvxB) (Li+l) (&)

The same expression can be derived in the following way.
In practice, to determine VQ——ij , the outputs have to be

brought to common point in the rocket. In the process of
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bringing the signal from C to B and from D to F, the indﬁction
field gets added up., The potential at E ( Vﬁk) and at F ( VF )
are given by the exprescions
Vg =V + (¥ xB)L (7)
Vo =Vp - (¥ =xB)ls (8)

The negative cign in eqn.(8) arises becauge in this case the

sengse of the distance ig oppogite to that in eqn.(7). Hence

we get,

Vg =~ Vp = Vo=V (LxB)( L+ o) (9)

which can be re-written using eqn.(5) ac

Ve - Vo =E(T+ L)+ (LxB)-(L+ ) (10)
Vg = Vg =@+VvxB)-(Li+ L)

Therefore, it can be geen that the V x B effect arises in the
lesds comnectiong C to E and D to F. Using high jf& magnetic
material, it wasg thought practical to chield the connecting
leadg from the ambient magnetic field with an attenuation:of
more than 60 dB. If the connecting leads are ghielded from
the magnetic field, the factor V x B could be reduced to a
negligibly small value,

Our rechnique of meaguring electric fields consiéted
of gensors mounted on two side boomg. The connecting leads

were shielded with /. metal tubes to reduce the B ficld by

about 60 dB. Thig technique was put to test in the experiment

discugged here,
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sensor mountings

Ags shown in fig.5.1, two cylindrical gensors A and B
mounted on a boom, along the gpin axis of the rocket were used
to measure the vertical electric field. The digtance between
the sengors - was about 1 meter. Since our arrangement Qf(sen:
sors is spin symmetric, the potential of the sensors would nof 
depend on the gpin of the rocket. '

Another get of cylindrical sensors (C and D) mounted on
two side booms wag used to measure the horizontal electric
field. Thg booms were deployed gideways during the course of
the rocket flight., Connecting lead of the sensor D to the
electronics of the payload was shielded using high‘fx metal
tubes. The distance between the gide sensors wag about 1 meterﬁi
Payload

Electronics of the system was very simple and stqaight” w
forward, Hence the individual circuits are not discugsed here.i
Fig. 5+7 ghows the block diagram of the electric field payload,f
detaiiing various meagurements made in this experiment.

Vertical electric field:

Both d ¢ and a ¢ field measurement were carried out.
Potential of the sensors A and B were meagured with respect
to the body uging high impedance input operationacl amplifiefs
in the emitter follower mode. The voltage follower outputs |
were telemetered alternately using a channel selector, after

suitable amplification and level shifting. The level ghifting
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was such that the signal varied about 2.5 V level, This level
shifting was done to cover boﬁh negative and positive potentials
of the SGhsors. This output was telemetered on 10,5 KHz |
telemetry channel, marked 1 in the diagram,

Vertical d ¢ field was measured by subtracting the
potential of B from that of A in subtractor. The subtractor
output was given two gains, alternately, in the gain switch
amplifier ( G.8. A~1 ), This output waé again 1evé1 shiftéd
with respect to 2.5 V in the level shifter (LS. 2 ) and
telemetered on 14,5 KHz channel, marked 2 in the diagram.

Fluctuations in the potentials on the sensors A and B
were measured in the frequency range upto 20 Hz using the“m
low pass filters (L.P,F=1 and Le-P,F-2 respectively ). The fiiter :
outputs were suitably amplified by amplifying with different 7
gains (G.S.A-2 and G.S.A=3). The outputs of the gain switch
amplifiers were telemetered alternately by a channel selector‘i\*‘?
‘( C.8~2) on 30 KHz channel marked 3. The channel selector also
level shifted the output to be around 2.5 volt level. A
maximum signal of-i10mV waa thus handlod,

Fluctuations in the vertical field in frequency range
(10-100YHz were measured by passing the subtractor output
through a band pass filter (10-100 Hz), The filter output
was suitably amplified, giving two gains alternately and
telemetered on 52,5 KHz channel, marked 4. The signal was
level shifted with respect to 2.5 volt level in the gain

switch amplifier (G.S.A-4) to measure + 5 mV fluctuations
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was such that the signal varied aboﬁt 2.5 V level, This level
shifting was done to cover both negative and positive potentials
of the sensors, This output was telemetered on 10.5 KHz
telemetry channel, marked 1 in the diagram.

Vertical d c field was measured by subtracting the
potential of B from that of A in subtractor. The subtractor
output was given two gains, alterpately, in the gain switch
amplifier ( G.S. A-1 ), This output waé again level shifted
with respect to 2.5 V in the level shifter (LS. 2 ) and
telemetered on 14.5 KHz channel, marked 2 in the diagram;

Fluctuations in the potentials on the sensors A and B
were measured in the frequency range upto 20 Hz using the'
low pass filters (L.P,F-1 and L-P.F-2 respectively }. The filter
outputs were suitably amplified by amplifying with different |
gains (G.S.A-2 and G.S.A-3). The outputs of the gain switch
amplifiers were telemetered alternately by a channel selecfor
‘( C.S=2) on 30 KHz channel marked 3, The channel selector also
level.shifted the ocutput to be around 2,5 volt level. A
maximum signal of-i10mV wan thus hrandiod, |

Fluctuations in the vertical field in frequency range
(10-100)Hz were measured by passing the subtractor output
through a band pass filter (10-100 Hz), The filter output
was suitably amplified, giving two gains alternately and
telemetered on 52,5 KHz channel, marked 4. The signal was
level shifted with respeet to 2.5 volt level in the gain

switch amplifier (G.S.A-4) to measure + 5 mV fluctuations
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in the vertical field,

Fluotuations in the verﬁical field upto a frequency
of 20 Hz and input 1evel‘i 10 mV were also measured, This\waé ¢
done by passing the subtractor output through a low pqssyfiltéff
(L.P.Fej). The filter output was given two different gains
in the gain switch amplifier (G.S.A=5). The géin switch
amplifier provided a level shift also and hence the sigrnal was
measured with respect to 2.5 volt level, This output was
telemetered on 40 KHz channel, marked 5 in the diagram.

Large scale variations upto 8 mV/km in the vertical
electric field were also measured, This method of méaSuring'~
large scale variations has been referred to as Sample and
hold" here, For this purpose, the low pass filter - 3 oﬁtpgf  
wag rectified and its d ¢ level was obtained every 2 seé.

This d ¢ vcltage was subtracted from the output of L.P.F-3
and suitably amplified, The output was telemetered on 22 KHz
channel, marked 6 in the diagram.

Horizontal electric field:

Since the main aim was to test our idea of shielding,
no detailed meaéurements were planned, Unshielded and
shielded outputs of sensors C and D respectively, were measurcd
by high input impedance operational amplifiers. Thege outpﬁtsH*
were passed separately through two low pagss filters and
amplified. The amplified outputs were level shifted in the
gain switch amplifiers and telemetered alternately through

a channel selector on 7.35 KHz channel. This channel is not
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shown in the block diagram, The channel was similar to the one

used for the fluctuating potential of sensor A or B (Channel-3),

5.4

Results and Discussions:

Fig. 5.3 pgives the telemetry record of the flight.~’In
this figure, the channel output marked H gives the results of
the horizontal electric field measurements. It has been
pointed out earlier, the connecting lead of sensor D alone was |
shielded using the high # metal tube. If the shielding were
effective in reducing the YV x B field, the outputs corresponding
to the potential of the two sensors should have been of | \ |
different magnitudes, For one of the sensors (D), the magnitude
should have been small, But, it can be seen from fig.5.3 thg%
theoutputs of the two sensors are of equal amplitude.

Hence it can be concluded that the YV x B effect cannot be
eliminated by shielding the connecting leads from the sensors
to the electronics of the payload. The lacuna in the logic
proposed here for the elimination of VxB effect is not yet
clear,

The results on the measurement of small scale vertical
electric fields are quite encouraging. Fig.5.4 gives the
telemetry record in which channel marked V gives the measurc-
ments on small scale vertical electric fields, It can be
seen from fig.5.4 that large fluctuations in the vertical
electric field are present.

Such fluctuations were observed in the altitude range of

@C)km to 104 km in the frequency range of ¢- Hz to Z ¢ Hz,




|

RN /\\/\ N

nEH® EEJ ! c23 R RENESRE] 1! ESRRSRI 1 DENESNNY 1 1 AERRD ARAII I @R SH!I:I!JI!BS:JEERI]!ERFEEZI Br1l
—_— SR . "
: -
: FIG.5°3
B .
i
|
1




u/

.
L
o

FIG. 5-4




71;41

The fluctuatlng fields were measured both durlng the rocket
ascent and descent., ‘ |
Due to drift of the electronlc c1rcu1ts, an estimate of the

amplitude of these fluctuatlcns could not be mede with ccpii-

electric fields in the electrcjet ;eg;on} The features and
reglon of occurrence of these have been conflrmed by recent

measurements of electric flelda from Thumba, Indla (Prakash 1nd

Pal private communlcatlon) l'A mechanlsm tc generate such 1arge

amplltude small scale fluctuatlons in electrlc fleld 1s nct
available. However, these may arlse due tc the cross flcld
instability mechanlsm or due to the accustlc waves (nct the

acoustic graV1ty waves) 1n the neutral medlum (Prakash, prlvate

5.5

_glon&et Thumba i %1a, u51ng

d;ffer t technlques iS:dlSCHSSEdﬂ&

entlsts under the”ausp1cxes

iCNES collabcratlve pf‘g_ mmes,,

~ Sing t ! 'iP@w>ﬂPLamhmlemuﬁamej
;skaAP) and the self os011‘:ting probes'(Sdéy:' The sop‘~
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was developed by IyT Bnurges (Unlver31ty of Orleans) France
while the other two payloadg were developed at Physloal Research
Laboratory, Indla. | ,

v Exten51ve studles on the eleotron.den31ty and electron
den31ty 1rregularltles have been made at Thumba, Indla, uulng ,
mostly the Langmulr Probes. These studies have resulted 1n the
ldentlfloatlon of the causative mechanlsms and also 1n the -
cla551flcatlon of these irregularities (Prakash et al 1970
1971 a,b, 1973, 1976, 1979), The Langmuir Probe technlque
for these measurements has been discussed by Prakash and v
Subbaraya (1967),

The current collected by L.P_sensor is ceonverted into the
electron density by calibrating the current measurements with
the help of ground based ionosonde data, . This oallbration 1s:
not very accurate. because of the limitations of the ionosonde
technique in determining the electron density. ‘Hence a factor
which is not yet known broperly is the ratio between amblent
electron density and the current collected by the L.P, Thisv
factor has to. be determined experimentally, as. the. theorles of
the LP in the lower E region are not yet known satisfactorlly.

It is well known that any medium has certain natural modes
of osc1llatlon. Similarly, plasma has many modes of oscillatlons
which can be excited by impressing upon it the required fre~
quencies. The plasma ig inductive below the plasma frequency
and is capacitive above this frequency. Hence the characteristio

frequencies of the ionospheric plasma can be obtained using the
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radio frequencies,

Radio frequency probes (r.f probes) have been used in the
ionospheric research for many years, The r.f. probes which
have been employed for such studies can be categorized as
(i) Resonance relaxation probe

(1i) Resonance rectification probe
(iii) Admittance probe
(2) Mutual admittance probes
(b) Self admittance probe
(iv)Capacitance probe.

In the resonaﬁce relaxation probe system, an,r.f,frequéncy
sweep (in the desired range) is pulsed at a fixed rate and is L
transmitted for a short time (usually a few %ens of}ﬁtsec;)._
The receiver system is made to lag behind by a few {4 sec tbf“x];f
observe the resomances of very short duration., Such systems
have been used onboard satellites and given information on the
plasma waves in the ionosphere,

The resonance rectification probe uses an r.f voltage on a
sensor and by measuring the changes in the d ¢ potential of the
probe, electron density can be determined. The 4 ¢ potential
changes because of the flow of a rectified current,

Admittance probes are based on the measurement of self
admittance of a probe or the mutual ‘admittance between two
probes., !

The method of self admittance probe is based on the

‘application of a radio frequency sweep on a sensor, The
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vamplitudes of the in-phase and quadratur: components of the
r.f current are measured by phase sénsitive'detecfdrs. Thus
the conductance and susceptance characteristics of the sensor
can be used to determine the plasma frequency of the medium
which , in turn, can be used to calculate the electron density
in the medium.

In/the mutual admittance probe system, a swept frequency
r.f.signal, transmitted by an onboard (space vehicle) transmitter
is pickétiup by an onboard receiver, The received signal con-
tains the 1nformatlon on the mutual admlttance of the medlum,
which can be used to determine the electron density 1n the U
medium. The effects arising duc to the self admlttance may |
complicate»the observations if the two antenna are not separated
by a iarge distance. Hence, the two antenna should be as far
as possible.,

- The capacitance probe technique utilizes the capacitance
of the sensor in the Tank circuit, Since the plasma is a
dielectric medium,. whose dielectric constant is a function of
the electron density in the medium,  the capacitance . of the probe
(sensor) varies depending on the electron concentration of the   )§
medium. By noting the- change in frequency of,the,tank,ﬁdue;
tQ'ajchange in density, the electron density can be, determined.
Hiekkilla et al (1968) have reported the results of an
intercomparison campaign of various r.f.probes, These . experi-
ments have established the suitability of r.f.probes to;measure‘

the electron density. Their suitability has been established
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by the topside sounders on board Alouette satellite (Calvert
and Goe, 1963, Fejer and Calvert, 1964), Since then sevéral
‘satellite observations have confirmed these features and added
new information on the plasma waves in the ionospheric plasma.1

A new version of the mutual'admittanbe probes system was
developed by Prakash et al (1972). This system is superior to
the mutual admittance probe system reported by Hiekkilla et al
‘(1968);3as théy‘had tofuse‘long booms, deployed Sidewayslfor'
théir'éxperiment. The electron density can be determined very
accurately by observing the resonance at the upper hybrid

frequency using the M.A,P. The MAP system (Prakash ét)al,1972)!7

have been flown successfully from Thumba earlier and have'gi&ép}ff
various types of resonances, besides that at the uppér hybri’d‘fzjjr
frequency,{l?(Rao and Prakash, 1977). The electron density '
profile obtained using the MAP can be used to calibrate the LP;‘i?
The electron density can also be determined using the
self oscillating probe. This system had been flowh earlier from
the Heyss~island in the polar region to confirm the theory of
SOP, Results of this flight have been reported by Beghin et al
(1976). The oscillation frequency ‘¥R_9 of the S0P, when the
earth's magnetic field is aligned with the cylindrical antenna
of the S0P, is related to the plasma frequency %Fn, of the

medium by ‘
_ (11)

where i¥H is the gyrofrequency of the electrons. By calculatingf

%Fp , the electron density can be determined. The SOP can
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measure the electron density for Vi, 8 x 107 electrons/cc.

Hence a comparative study of the three techniques was
aimed at to findout the suitability of each of these for the
measurements of clectron density, Irregularity measurements
using the LP and SOP were also aimed ét; Such studies‘were not
carried out earlier.

Slnce the SOP system was not ours, we shall discuss the

LP and MAP systems only, Of these tWO, the LP system and 1ts,lh15¥
electronlc 01rcu1tary have been discussed in detail earlier
(Prakash and Subbaraya 19673 Gupta 1970; Sinha 1976).

Mutual Admittance Probe Svstem:

The MAP system was a modified version of the earlierfsyétem,"
(Rao, 1981)., Hence we shall discués only the block diagram‘and“’
the few modifications incorporatéd for the stUdies“reportedrhere; ,

The MAP system consisted of an exciter and a receiver antenna,f
concentric with the spin axis of the rocket., Hence the oObserva- ﬁ
tions made by this system were independent of the rocket spln., ngﬁ

Phy51cal separation between the exciter and receiver antenna was

about one meter. Fig.5.5 shows the schematic arrangement of the
experimeht. Geometry of the MAP system was such that the lines
Qf equipotential force field had to traverse a distance in the
medium, which was much larger than the physical separation
between the two antennae; and away from the rocket body. Hence
the information carried by them was free of the disturbances

in the medium, produced by the rocket nearby its body.




SCHEMATIC OF THE ARRANGEMENT-
OF THE 'L.P, MAP AND SOP EXPERIMENTS
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—250mm—p < 300 MM et B 375 MM - e 300 MM —2
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ANTENNA

30 mmds 6—2 75 mm —d <

300 mm
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The system consisted mainly of two parts, a swept
frequency transmitter and superhetrodyne receiver, synohronous::z
with the transmitter, Block diagram of the electronic system/
'is shown in fig. 5.6 .

Transmitters

A swept frequency r.f signal (0.5 V peak to6 peak) in the
frequency range 0.5 MHz to 6.5 MHz was generated by mixing the
outputs of a variable frequency oscillator (VFO) or local ’
oscillator with that of a crystal oscillator, oscillating at a
fixed frequency of 13.1 MHz. This mixed signal was passed
through a low pass filter (j&:t: 8 MHz) to remove the higher
frequency side hands. To have a constant amplitude transmif@er;%
signal, the filtered output was fed teo an automatic gain o
control circuit which detected the filtered output. The
detected output was used to control the overall output by
feeding it back to the wide band mixer,

The VFO circuit generated a éignal in the frequency range ;Q 

13.6 to 19.6 MHz by using a reversed biased variable capacitanCG;

diode (varicap) as a part of the tank circuit of the local

oscillator, A voltage sweep of + 12 V to 0,5V was applied
across the varicap diode which varied the capacitance in the
tank to generate the signal in the required frequency band.
The repetetion cycle of the voltage sweep was about 1 sec.

- 5.6,2 Receiver

The receiver system was designed to cover a dynamic range

of about 90 dB., Various units of the receiver system arc
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briefly discussed below,

The.reqeived gignal wasg amplified in a Preamplificr and
passed fhrough a low pass filter,({}gra MHz) to remove any
urwanted high frequency signal. The filtered output was mixed

with the VFO signal in the first mixer., The mixer output was

amplified in the first intermediate frequency tuned amplifier

(I.F.amplifier) at 13.1 MHz, Since it is impractical to detéqtfgf

the signal at this high frequency, the output of the firSt‘I.Fil??
amplifier was mixed with crystal oscillator signal, oscillating?\f
at a fixed frequency of 13.0 MHz, in the second mixer. The ,_//
- mixer output was amplified in the second I.F amplifier tuned at

100 KHz. | |

To cover a dynamic range of 90 -! B, the output of the
second I,F,amplifier was amplified in four identical stages,
each having a gain of 7, and tuned at 100 KHz. Output amplitude_’i
of each stage was limited to 5 V using zener diodes, -

: Fig{5.7 gives the circuit diagram of the amplifierS‘(tuné@fi;

at 100 KHz)} and the log amplifier., Input of the first amplifief;;;
in the diagram, is the output of the second I.F amplifier. The ;
four amplifiers, shown in the diagram, are in easecade, Tunning .
of the each amplifier was such that the overall band width of
the 100\KHZ amplifierswas about > KHz,

Detected output of each amplifier stage was added and
amplified using a logarithimic amplifier. The log amplificr

output was telemetered in the voltage range of O to 5V.
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Fig.5.8 gives the overall receiver performance of fhe
payloads flown. In this diagram, the output of the log amplifier
is pletted against the sigﬁal at the input point of the pre-
amplifier, The dB level of the input'signal at the preamplifier
is with respect to the transmitter output (0.5 V peak to peak).
The signal level, corresponding to the dB level is also given.
It can be seen from the diagram that the log amplifier worked’
very satisfactorily in the voltage range of 10 MV to 25 mV, |
Beyond this range, the output is not linear (on a log soale)
with respect to the 1nput The minimum signal which could be
detected using this system was about & /4\ , as the noise 1evel
in the output was about 0.2 V d.c,

Frequency marker circuit:

To identify the frequency at which various resonances occur,
the receiver output was calibrated using a set of frequency
markers, generated by a frequency marker circuit. The block
diagram of the frequency marker circuit is also shown in fig.>,6,

The transmltter signal was mixed with the output of a
crystal oscillator, oscillating at 1.2 MHz. Mixing of thesewf‘
two signals was achieved by feeding transmitter and the crys tal
oselllator outputs at the base and emitter respectively, of a
transistor., The transistor had a tank circuit in the collector
arm, tuned at 100 KHz.v Hence whenever the difference between
the two signals was 100 KHZ, it was pfeferentially amplified,

The mixer output wasg detected, d ¢ amplified and telemctered,
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‘The dc outpuf contained spikes whenéver the difference in two
signals was 100 KHz, To generate a large number of frequency
v:markers, both the oscillator and transmitter outputs were |
overdriven in the mixer,
The frequency at which a marker is obtained, can be
- calculated using the relation L
Nty -mif, = +0y .
where Y and 1 are integers; and %[ and 41 are the v
transmittér and crystal oscillator frequencies respectively, in

MHz. Hence we get

o

&) = (mn%zi O'i)/ﬁ , .y )
Ifn o Tandm o1, 5.5 4 5, Tre sesiers coim it
1= 1,22 0.1, 2.4 £ 0.1, 3.6 £ 0.1, 4B £ 0.1, 6,0 £ 0.1
Ifn=2andm=1, 2, 3, 4, 5,... The markers ocour at

=
‘_L »
i

0.6 + 0.05, 1.2 £ 0,05, 1.8 £ 0,05, 2.4 £ 0.05, 3.0 0.05 ,

 5.7 Data Ahalysis

o The real time data was recorded on a paper chart, runnihg,,f

at a{speed of 10 inch/sec. |
The data analysis technique of Langmuir probe has been

discussed in detail by Sinha (1976). For the purpose of

obtaining the electron density prefile from the LP data, the
LP output was read at every one second interval for both the
flights. Since the electron density varies by more than fdur
orders of magnitude in the altitude range of interest, the

LP system was provided with different feed back resistances for
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predetermined’ranges of the‘input*oqrfenf. The infbfmation, |
about these values of res 1utances for varicus input currents
was telemetered, together with the LP'rutput, on a different
telemetry channel, Theser"gain levels" were used to obtain
the current to the LP. _ | ,

The electron density, from the observations of the MAP,‘
- was determined by calculating the plasma freQuency from the_ -
observntl ng of the resonance at the upper hybrld froquuncy'\
using the rclctlon |

2

SN A ~ L (4u)

Thus the elpctrnn donulty was calculatcd uSLng the rclatlon‘

MNe = 124 ﬂ ; T“ gl leiz 5 hn,: 12l (&;g cg(w‘;) .
The frequency of the upper hybrld resonance was determinedf_,
‘using the frequency calibration, telemetered on é'différént‘ 
channel, The main frequency markers were obtained af frequenciesi£

0.6 £ 0.05, 1.8 # 0.05, 3.0 # 0.05, 4.2 4 0.05 and 1.2 + 0.1,

2.4 # 0.1, 3.6 £ 0.1, 4.8 + 0.1, 6.0 + 0.1, All the frequencies

are in MHz,

Fig.5.9 shcws the frequency calibration for bbth-the

flights. The abscissa in the diagram is the frequency in MHz
while the ordinate is the distance of the centre of a pair of
markers, with respect to the centre of the marker around 0.6 MHz; '
Since §L4':-!'w‘*z s the Qm? resonance wés always at a k

frequency, abeve 1.2 MHz, S 0 7 o e
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The readlng error was + 0. 5 mm. Hence the error'in
electron density determlnatlnn.due to this error is varlablé‘
with the frequency of “£” resomance. If J« occurs at 4.0 MHz,vv
the error 1n.e1ectron den51ty is about O. 8 %, While it L% 1f
: the { frequency were 1. ) MHz. Hence in the D and lower E
‘region errors are larger oompared to that abcve 100 km altltude -

region.
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Regults and Discussion :

The‘first rocket ( ISRO No.05.55) carrying Langmuir Pfcbe,
mutual admittance'probe ahd the self bscillating probe was
launched on August 25, 1979 at 1151 hrs IST. The second rodket
(ISRO No. 05.56) with the same payloads was launched on.Augustx
31, 1979 at 1121 hre IST. The L.P and WAP were exposed to the
medium at an altitude of about 65 km after fhe noge cone |
ejection and made uninterrupted, simultaneous measurements till

the rocket tumbled.

The MAP detected several resonance featurés duringrthé
course of the rocket flight. The prinCipal.resonance obseryed
in the experiment was identified with the upper hybrid’resonance 
as per the considerations mentioned by Rao and PrakéSh (1977).
The various resonance features were nearly identical invboth\
the flights and hence an account of these is given for_thev
first flight only. Also for the purpose of clarity, we shall
discuss the observations of the %g,resonance from the rocket
- apogee and downwards. |

The principal resonance, identified aS'ﬁT, was observed
from the rocket apogee down to an altitude of about 137 km;

Its shape was Consistently same throughout this altitude range,
Thereafter, another resonance feature started developing on the
higher ffequenoy side of thetﬁrresonance, At about 131.0 km,
the two resonance became of equal magnitude. The f%_resonance* \

was identified from its shape in the higher altitude region.
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above 108.0 km altitude using the fréouency of theJ._resonance.
Fig. 5 12 glves the electron density profile (SOlld curve) as
obtained from the MAP measurements, Dashed curve in the diagram
is the electron current as measﬁred by thé L.P. It can be»
seen from this diagram that the L.P current proflle and the
- electron density profile obtalned uSlng the MAP are 1dentlcal
in shape throughout. |

oince the L P current and the MAP electron density
profiles are nearly matching, the oalibration.factbr K, to
convert L P current in to electron density, was oalouiated at
~one aititude‘(at\11o Km) only.\\For ISRO-CNES I flight, the
factor was found to be 8 x 10° in the altitude range 100 to
155 km, |

For the ISRO-CNES II flight, the features of the Jg
resonances in different altitude regions were nearly similar és .
observed in ISRO-CNES I flight. Fig.5.13 gives the L P electronf,
current and the MAP electron density profile for thls fllght ”
The factor K was calculated at an altitude of 120 km/and’was

found to be 9 x 109 in this case,

Since the electron density profile obtained using the
MAP does nbt’show any scattering of the values, identification
of the fTresonance using the MAP has been‘consistent. Hence
the MAP is quite suitable for the measurements of elecfron :

density in the E region.
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"CHAPTER VI

SUMMARY

In this chapter we give the summary of thé work presented

in this thesis and also the direction of future research work.

‘Theoretical studies:

| Theoretlcal investigationg on the role of three dlmens1onal.
winds of grav1ty wave origin, at the equator, have brought out
several new features, These are

(1) The value of wave length i, (of the gravity wave winds),
along the geomagnetic field line 1s very 1mportant to the
development of the wind induced electric fields. For the wave
parameters assumed in the calculations, it is found that above
90 km the polarlzatlon fields are substantially shorted even |

at the equator

(ii) Hither to, it has not been possible to explain satlsfacto~
rily, the generatlon mechanlsm of the small scale (type Ss)
1rregu1ar1tles measured using the rocket borne probes. These
1rregular1tles are believed to be due to the two stream plasma
instability mechanism which requires a threshold value of the
drift velocity of electrons relative to ioms. But the in-gitu
studies .+ . ¢ show that the threshold crlterlon.was not met,
yet the irregularities were observed,

It is found that the east west eleotric currents driven

due to the gravity wave winds are a significant fraction of the




main electrojet current even at the peak of the électrojet.
Since the gravity wave driven currents are sinusoidal in
natule, they may satisfy thL threshold criterion for the
excitation of the two strean plasma instability in localised

regions, ; ;

(iii)  The gravity wave winds can give rise to the ionization
layers, Contrary to the earlier belief, the 1on_convergenoe
rate in the lower E region, at the equator, is féund to be
larger than in the mid latitudes. Howevér, the convérgence
rates are not larwu enough to produce the 1onlzatlon 1ayers
’durlng the daytime. Nighttime trat1f¢catlon of ionization
can be explained satisfactorily using the gravity wave winds.
(iv) If the curvature of the geomagnetic field lines is

taken into account, e, varies rapidly with the dip angle,

undergoing a change of sign. I the gravity waves are present

everywhere on a given field line, the electric fields are

generated mainly around the region where kX = 0. In the regions

away from it, the leldS due to the local winds (with flnlte k )

are shorted within a wave length. Thus the region around

the point where kX = 0 is the gource region and the rest of the

region of the ionosphore'conneoted by the gecomagnetic field
line acts ag a 1oad‘to this‘souroe region.

(v) The electric fields 1ﬂ,the gource roglon are gcnerated
most effJCiﬂntly, if the source region overlaps the region of

maximum Pedersen conductivity, U . Thus in the daytime
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when OUp  is maximum in.the‘E-region, the gsource of the
electric field would ge situated there. It is equivalent to
saying that the effectivé dynamo is situated in the‘E‘regidn
during the daytime. Similarly, in the nighttime, whénever o
is maximum in the F regiOn; the effective dynamo 1is situated}'

in the F region.

(vi)  The source region electric fields can be transmitted to[ﬂ
the other regions of the ionosphere via the geomagnetic“fiéld .
lines. Attenuation of electric fields during transmission is ~
dependent on the vértical wavelength -%Z;; of the gravity

waves. The attenuation increases with the decreasing A;a .

(vii)  The gravity wave induced electric fields (GWEF) can;give
rise to the spread F irregularities. It is found that the
gravity waves in the E region during the evening and nighttime
are more suitable for the generation of spread F irregularities.
Further, it is found that the growth of the irregularities\duQ ;
to tﬁé GWEF is linear in the initial gtages and hence they\”gféw
faster than those due to the plasma instability processes. k
Thus they could act as a seed to the plasma instabilities

which may grow fagster in the latter stages.

For the lack of sufficient observations on the.gravity
wave winds, only model calculations could be made in this
thesis. Hence there is a need to include the observed wind

profiles in these calculations to have a better understanding
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of various physical processcs operatlve in the ionosphere, To
measure the gravity wave w1nds, hlgh sen51t1V1ty 1nooherent

backscatter and meteor trail radars are needed to be establlshed;

To test the theories pbroposed in this thesis, correlative

studies on the large scale electron density irregularities on a

given field' line, connecting E and F regions are very
egsential, Also, simultancous measurements of the electric

fields and the winds are very essential.

Experimental studieg:

- The experlmuntal studies on.the measuroments of electrlc
fields and on the performance of various technlques for the
measurement of electron density have been very enoouraglng.

The highlights of these studies are the following:

(i) The V x B effect arising in the electric field measure« .
ments can not be eliminated by shielding the connectlng W1res,

from th