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STLTEMENT

This thesis 1s based on the results of experiments
conducted at an eqguatorial sfation Thumba, India, using a
Back-gscatter—~radar, cperating at 54,95 MHz. and Rocket-
borne studies with Langmuir probe and magnetometer. The
back-scatter-radar at Thumba was made operational in the
year 1970 by Satya Prakash, Jain, C.L. and Co-workers. The
author has been closely associated with the design and
development of some of the radar units including the analog
and digital data processing units, Working under the guildance
of Prof. Satya Prakash at the Physical Research Laboratory,

the author was responsible for analysing the data and inter-

preting the experimental results.

The main objectives of the present studies have been
to understond the nature of distribution of currents in the
equatar ial ionosphere, to investigate the space and time
variation of the electric fields responsible for these

currents, and to trace the relationship between the aquateorial

N

yatem,

4

electrojet and the world-wide Sqg current

This thesis has been divided into seven chapters.
The first two chapters deal with the history of the subject,
the basic theory involved, the existing problems in the

field and the experimental set-up used for the observations



and data recording. The exper*x ental results are presented

in the next four chapters., The concluding chapter deals
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INTRODUCTTION

1.1 Bauatorial electrojet

lolel History of the subject

Daily variation in the geomagnetic field was first
observed in the year 1722 by Graham (1724) ., From the year
1834 onward, Gauss and his successors studied the general
nature of these variations on a global scale. The results
of these studies led Stewart (1882) to infer that these
variations have the!r origin in electric currents in the upper
atmogphere. The soiar component of these variations in the
geomagnetic field on a quiet day were termed as Sg variations.
Schuster (1889) applied the method of spherical harmonic
analysis to Sq and confirmed Stewarts' inference that 5g
rarises due to currents mainly above the earth's surface but
‘found a smaller part of internal origin. This he ascribed
to electric currents induced in the earth by the primary
external currents. The existence of such an electrically
iconduCtive atmospheric layer was later confirmed by the
exploration of the ionosphere during the second decade of
this century. Bottom side radio sounding of the ionosphere
was then developed by Breit and Tuve (1925, 1926) and
Appleton and Barnett (1925) for the study of ionospheric

structure up to the level (F, peak) of maximum electron

2

density. This, then, was followed by top side sounding

using satellites such as Alouette and Ariel, which extended



axploration above the F2 peak. The height distribution of
alectron density suggested that the Sqg currents flow mainly

in the E layer at a height of the order of 100-125 kms.

Tn the year 1908 Schuster developedl a quantitative
theory to explain the obscrved geomagnetic field variations.
In general, the Stewart-Schuster theory is the application
of the dynamo principle to conditions existing in the
ionosphere, The conducting region in the ionosphere is
treated as a thin spherical conducting layer in the carth's
magnetic field. Tha force exarted on the charged particles,
because of the motions of the reutral atmosphere, is at
right angles to both the magnetic field and the neutral
particle velocity. The circulation of the neutral
atmosphere is primarily horizontal at these heights. Under
these conditions, the vertical o mponent of the geomagnetic

field produces appreciable drifts of the charged particles.

In thae vear 1922, a new feature of the variations of

" the earth's magnetic field was brought to light at Huancayo
in Peru; néar the dip equator. Whereas the daily ranges of
declination D and the vertical component 4 of the gecomagnetic
field were comparable tothose of the stations in similar
geographic latitudes, the diurnal range in the horizontal
component H was abnormally large, being often more than
double the value expected. Bgadel (1947, 1948) reported

that the diurnal range of H at six other stations ncar the

dip equator also showed such enhancements. He suggested the



existence of a varying electric current of about 300 kms. in
width flowing in a very narrow zone near the dip equator.
The enhancement of the diurnal range of H was attributed to

these overhead currentsSe

Enzly calculations of the ionospherd ¢ conductivity
yvielded wvalues that fell far short of the ones needed to
account for these enhanced magnetic field variations. Later
investigations initiated by Taylor in 1936 and Pekeris in
1937 showed that atmospheric tidal oscillations could be
expected to be greater at ionospheric heights than those
observed at ground levels. With the inclusion of this effect
in the dynamo theory, thé theoretical conductivity profile
was brought into a more reasonable agreement with the
observations. This enhancement of conductivity in the region
near the magnetic equator was demonstrated by a series of
theoretical investigations by Cowling (1932), Martyn (1947)
and Cowling and Borger (1948) . Cowling showed that the
horizontal conductivity Qould be enhanced if it was postuléted
that the vertical Hall currents were inhibited. Martyn
suggested that this phenomenon might account for the
additional increase in conductivity needed to bring the
general theory into camplete accord with observations.
Cowling and Borger showed that although Martyn's suggestion
could not be upheld in general, it was certainly valid
in the region of magnetic equator. Analysis by Martin of

Egedals'! and other similar data showed that they were



consistent with the idea of a belt of high current density
in the equatorial E-region. This high concentration of
electric currents flowing from west to éagt in a narrow
belt flanking the dip equator, on the sunward hemi sphere was

named, the ecquatorial electrojet by Chapman (1951).

1.1.2 General nature of the current system

When the dynamo theory was first formulated mathe-
matically little was known about the conductivity or the
movemnents of the ecarth's atmosphere. The dynamo theory was
successively revised as more data on ionospheric electron
densities became available from ionosonde records. The revi-
sions take the anisotropic nature of the ionospheric
conductivity into account and show that the observed upper
atmossheric wind velocitics, electron densities and magnetic
variations are at least approximately consistent with each
other in terms of the dynamo theory. The tidal motion of the
earth's atmosphere, in conjunction with the geomagnetic
field generates electric fields (the dynamo fields) in the
ionos» here (Hirano 1952, Baker and Martin 1953, Tejer, 1953) .,
These horizontal currents generally flow at altitudes of the
order of 90 kms., to perhaps 140 kms. At lower heights the
conductivity of the ionosphere is low because of the high
collision frequency. At grcater heights, the horizontal
conductivity 1 s also low in this case becausc of the earth's
magnetic field. When the collision frequencies of both

electrons and ions are small compared to the respective
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gyrofrecuencies, crossed electric and magnetic fields cause
the ions and electrons to drift togother with the velocity

> - :

«xﬂ%j?%z and thus there i1is no net current. In the conductive
region, the ratio of the collision frequency to the gyro-
frequency is generally less than 1 for the clectrons, but greater
than 1 for the ions. The c ause of the equatorial electrojet,
liecs in a special equatorial feature of the electrical
conductivity of the upper atmosphere. Here, the applied
horizontal electric field causes a vertical polarisation

field to build up which enhances the horizontal flow
considerably. The electrojet flows in a narrow height range
of about 10 to 15 kms. which is centered at an altitude

of about 105 km. and it appears only in areas within two

to three degrees of latitude of the magnetic dip equator.

Blectrical conductivities

The ionosphere may be considered as an infinite
lightly ionised gas in which there are n. charged particlés
of the pth type per cm3. Let a particle of rth type has
a «chargae Cr o+ mass mrqcollision frequency V. and gyro-

frequency W, given by: Qﬂrgd/Tﬂy“ where B is the

intensity of the ambient magnetic field.

The longitudinal conductivity E o which governs
the conduction of charged particles along the ficld lines
in the presence of an electric field component in that

r’ﬁla
direction is given by. o = AL el —(1a1)
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The motion of the charged particles at right angles
to B, caused by an electric field component in that dircction
is defined by the Pedersen conductivity 61

&5 = ¥ Wh\ﬁw“vv' *m_6.2>
T"/ gt (’w%"f*\‘.]h)

The current Il ow in (E ® B) direction is determined

by the Hall conductivity.
2
o = ST Ty ly W ED
MW )
The negative sign shows that the current is taken to

i S
be positive in -(E x B) dircction. In this relation the sign
of wr is to be taken into consideration (Positive for positive

ions and negative for electrons and negative ions) .,

A simplified form of these relations can be obtained
for a neutral plasma, containing only electrons and singly
ionised positive ions. The expressions for o 5, 6

and o, can then be rewritten as:
e d

1 1 (3.
o o g + mﬁw } 5
ﬂ - AW:% 2. [ML<‘¢-A}9_2—+)—75LZ) (L{) L+1) ) ( )

g
o =l ey e w):{ ~(1)
2 {3

2 1873

awnd

W'&‘}t’;“i’e —— (,QQ_ = ‘

ol 28]
Moy



The effective clectrical conductivities and their
variation with latitude at the electrojet. region can be
obtained following the procedure adopted by Baker and Martyn
(1953) . The ionosphere 1s considered to be a plaﬁe conducting

sheet. Oxywz is a rectangular co-ordinate system, of which the
x anc y axes coincide with the geomagnetic south and east
respectively. The z axis is upwards. I is the magnetic dip,
at any given point in the electrojet region, and is taken
to be positive in the Northern hemisohere and negative in the
Southern hemispherc. Assuming that the vertical currents are
inhibited in the clectrojet region, one can get an expression
for the polarisation field Ez gencrated by the primary dynamo
electric field (By) which is assumed to be in the y-~ direction;
£, = «2€y CasTA@Sim®T+ois’) — (1)

For the equatorial region, where I = O, this equation
aeduces to the form,

E = —(f::-j:‘ E‘j‘ “""Q%)
Z S

Substituting the value of Ez as given by equation 1.7

one can get the conductivity parameters.

Tox = o 6"1/( 55 L + 6 Cos L)  —(1:9)

e N 2 2

amnd G = —
14 o Eu;nz*:[ 4 Gy Cos™T



8

where & sxx is the conductivity in the x direction caused by

an electric field component Ex in the x direction. Gaufis the
conductivity in the x direction caused by an electric field
componant Ly in the y directione. Gﬂjy is the total condu-
ctivity in the y direcction, due to an electric field component
By in the v direction. The variation of these conductivitics
with latitude is shown by the dependence of these parameters

on I, the dip angle. At the magnetic equator, since I = O

cxx = Go ””'QQZJ
Sxy = O o —(13)
Thy = G F g%‘ — (14

61ﬂ3 is the effective conductivity which at the magnetic
equator, is represented by <3

2.
oy

—and 1s known as the Cowling conductivity.
Based on this theory put forward by Baker and Martin,

Suguira and Cain »ut forward an electrojet model (Suguira
and Cain 1966) . The assumptions of inhibition of vertical
currents and the absonce of a component of the electric
field in the north-south direction lead to a self inconsistency
in this model. &As shown later by Untiedt (1967) these
assumptions lead to strongly divergent currents in the
north-south direction that cannot exist in the ionosphere
within a system like the equatorial clectrojet that slowly
varies with time, A modification of this model, taking

into consideration the existence of meridional currents,



also was put forward by Untiedt (1967) which was later

extended for the casce of realistic world wide distribution

A

of magnetic fields by Suguira and Poros (1969). The current
densities computed from theése models were seen to be much higher
than the experimentally observed values by a factor as high

as 7. Possibly this is duc to the higher electric field

values assumed in these models (Subbarayva et al 1972).

Taking into consideration the effect of neutral winds

Richmond (1973) put forward a numerical model of the aqua ~
torial electrojet. Though this model brought the predictions
and observations closer, still the knowledge of the current

system, seems to be far from complete,

1.1.3 Mcthods of electrojet studies

The techniques used for the study of the clectrojot

parameters can be broadly classified into two:

(1)  Ground based measurcment techniques

(11) Rocket measurement techniques

Depending on whether the technique employed is for
the mecasurement of parameters of the ncutral atmosphere,
or of the ionised medium, they can again be classified into
two. A fow of the important and widely used ground
based ﬁeasurement techniques are the following:
(1) Ionosonde: R.F. signals with frequency swept from
one walue to another are transmitted and from an analysis

of the ionogram traces produced by the reflected signals
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informations are oktained of the ¢loectron density distribution

up to a height of the F2 peak,

(id) Magncetometers: By a spherical harmonic analysis of

the observed variations in the geomagnetic field parameters
at the ground level, the current system causing thesc variations
are eéstimated. Ground based magnetometers thus enable the
study of the average properties of the currents at the ele-
ctrojet region. This method has been extended for in-situ

measurements using rochket-borne magnetometiers.

(iii) Spaced-receivers: This is one of the most widely

employed methods to measure the drifts of electron density

irregularitics. The basic technigue is to record the amplitude

pattern of the reflocted signal simultancously at three

closely or widely separated points on the ground (Mitra, 1949) ,
These amplitude variations are associated with the movem:nt
of ionisation irregularitices. The time delays Dotween similar

fades at the receivers are used for obtaining the spced and

direction of drift of the irregularities.

(iv) Doppler shift technique: Motions of irregularitics

have baen estimated from the doppler shifts in the radar
echoes £ rom thom using voery high frequencies. Irrcgularvities
in the equatorial and auroral E regions have been detoctod

by this method; and later has been extended for the study

of spread I dlrregulariticse.
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() Meteor trail method: Long enduripg neteor trails
are photographaed and informations rogarding the vertical
scalec of the irrogular winds in the hzight region of 80~110
kms. 15 obtained from thgse photographsm This technique is

used for the study of motions in the ncutral atmosphere.
Experiments conducted using rocket-borne payloads

have been widely used for the study of the clactrojete.

Some of the imoortant technicues used are listed below:

(vi) Rocket borne magnetometers: The special contribution

of rockcet measuroements to the study of electrojet is the
determination of its altitude and thickness. The variation:
in the total magnetic field as the rocket crosses the
clectrojet region i s measured by a magnetometer and is
converted into the electrojet current density profile .
Proton precision magnetometers and rubidium vapour magneto-

neters are normally used for those measurcements.

(vii) Rockot-borne Lan.muir srobes: Langmulr probes are

fiown in rockets mainly for the measurcment of electron
density and the structure of the electron density irregu-
larities in the ¢lectrojet region. Thoe variation in thoe
probe currents are conv.orted into varying voltages and
telometered to a ground station, where the probe current

data is converted into electron density data,
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(viii) Cloud releases: Chemicals are released at the iono-

spheric heights and the change in the structure of these
clouds arc photographed at different points on the ground.
This method i85 mainly used for the study of the structure

of the neutral wind systemn betwoen about 80 and 120 kms.

1.2 Study of Electrojet by VHE scattcr Radar

l.2.1 History of radar studies

The theory of scattering by a turbulent medium was
first applied to scattering of radio waves in the troposphere
as early as 1950 by Booker and Gordon (1950) ., Based on this
theory a new kind of radio propagation at very high frequencies
obscrvable over long distances was reported by Bailey et al
(1952), The initial experiments at a frequency of 49.8 MHz
revealed the uninterrupted prescnce of observable signal
over a test path of 1245 km. irrespective of scason, time
of day, or geomagnetic disturbance, though showing dependence
in intensity on these factors and possibly on meteor activity
as well, They suggested that the mechanism of propagation
might be scattering caused by the ever proesent irregularities
in the E~region and an approximate transmission cquation
was doerived in terms of paramcters describing inhomogencties
in the E-rogon. This marks the bcginning of tho use of

coherent scattoer (Section 1.2.2) technigue for the investi-

gation of ionospheric irregularities.
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All charged narticles arce capable of scattering
electromagnetic waves (J.J. Thomson, 1906) the scattering
croas-section being inversely proportionél to the squarce of
the mass and propértional to the fourth power of the charge
of the particle. It follows that the scattering cross—-section
for an electron 1is 109 timés larger than that of an atomic
oxygen ion. Though ionisation irregularities in the E-region
were observed by this scatter technicue, as carly as 1952,
the possibility of observing Thomson scattering by free

1 -
S

cloectrons (incoherent scatter, Scction 1.2,2) in the earth
ionosphere was abandonod as being impractical till 1958.

199 Gordon predicted that a powerful radar

In tha
whose components were within the reach of the art, could be
used to detect signal scattered by free electrons in the
ionosphere and above. According to Gordon, such a radar
would be capable of measuring clectron density and clectron
tempcrature as a function of the height and time at all

lovels in the carth's ionospherc.

Stimulated by Gordon's proposal Bowles (1958)
attempted to obscrve Thomson scattoend ng from the jionosphaere
using a newly completed transmitter at Long Branch:Hﬂlihat
was intended for moteor studies. He demonstrated that
echoes wers obtained which resembled Thomson scattered
signals in every respoect, except that their bandwidth was

considerably loss than that expected on the basis of

Doppler broadening introduced by the random motion of the
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eloctrons (Bowles 1999, 1961) correctly surmised that the
role played by the ions in the plasma was to narrow the
bandwidth of the reflected signals. Thz net result is that
the energy per unit bandwidtﬁ is far hicher than cstimated
by Gordon, $o0 that radar systems comnsiderably smaller than

the one proposed by hnim are capable of dc

Q
o
(v
Q

scattering from heights where the electron density is
large. Later works of Bowles in this dircction resulted in
the construction at Jicamarca in Peru, near the geomagnoetic

equator, of a vertically dirocted radar system.

A seri

ET)

of radar propagation experiments ware

conducted during the Inmternational Gooonysicnl Yoar (1957/58)

at various stations close to the equator (Bowles and Cohen,
1957). BAn intense mode of VHF propagation associated with
the exporimental sporadic E was found to occur and was
demonstrated to be closcly identifiable in time variation

and height with the equatorial electrojet (Gates, 19% ).

£

The characteristic featurcs of the irregularitics
in the electrojet region as studied by later expoerimenters
using the VHF scatter technique are discussed in detail

in section 1.3.2 of this chaptoer.

1.2.2 Coherent and Incoherent scatter

The scattering of electromagnoetic waves by free
electrons i8S generally known as incoherent scattering,

while that by ionisation irregularities is known as
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coherent scattering. Thuore is no sharp distinction between
the two, and in a way the definition depends on the frequency

of the electromagnaetic waves that arce scattored.

The scattered €£lux at a point away £from the scattering
volume, containing a large number of scattering omtres, is
determined by the distribution of scattering centres in the
volumo and the scattering cross-—section of the particles.

Lot the scattering volume contain n scattering centresa.

The clectric field of the incident clectromagnetic wave is

¢ P — (115)
E o= b, wp Eg P C )}
The clectric field at the receiver due to scattering
- .. .th - . e o S
from the i scattering centre can be represcnted as

o= Ey epld $0CH) e

; . . - . th .
whe e the subscript 1 refers to the i scattering centra.

=

Tz total ficld Er at the recciver can be obtained by

summing up all the ey values for all the scattering centres.

Ey = Z e; = 3 Eg QQKP&@ Py ({—)} WQ‘}”})
=

> 7=

E&‘@EV is proportional to the flux at the recciver and

is given by

S S 5[‘" Erepld 41 )] }{Z Ere -1 149

2 - S )
= 2y g—}: okl MY‘\'} Gy (E)— ¢ L0 '}”G’%)
{ L =
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The first term represcnts the sum of the flux scattered

by the individual scattering centres, if thoy are completely

independent of cach othor. Tho

nitulo of the second torm

depends on the distribution of scattering centres in the
volume. For o conplotely random distribution, the second
termm is zoero and the maximum theorctical value of the second
tem 1s E: EZ: &iﬁikthc fields being getting added in phase

T 1<¢i
all the time,

-
N -
Thus the minimum value of Evftv Is S 15{
7. *
and the maximun value is §~Eqv+1£LST*EiE%<which is nothing
. 2 T 1 k1
but <“7 E_’> . In the first case, the scattering is
L T =
said to be perfectly incohercnt and in the second case to
be perfectly coherent. Those two extrems cascs arc only
thooretical. The received flux for incoherent scatter is
directly proportional to the nunber of schttering contres,
while in thoe case of coh rent scatter it is directly :

proportional to the sqguarce of thoe number of scattering

centrés.,.

The significance of the phase term in the above

relations, shows the role of the frequency of @.m. wave ‘

5

scatterced, in governing the phenomenon. It can be shown
that the scattering becomes coherent for a given @.m.
wave, 1f the A of the wave is far greater than the mean
free path of the scattering coentres and becomes incohorent

if A is of the order of mean freo path or less than that.
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I other words, a given scattering volume can be studied both
by coherent and incoherent scatter techniques by properly

seclecting the frocuency of the=d.m. waves.

l.2.3 Gmeral theory of coherent scattering

Let {§<3 be thoe electromagnetic flux incident on a
single clectron with equivalent isotropic scattering cross-—

ction & o o« The scottered flux at a distance R is

Pos [ (TR — ()
The electric field - Lu7OCLﬂde with this flux
S CP </L,to/ §Q>/q — (1-20)

wherae /Mm 18 the magnetic permeability of free space and En

given by

[

is the permitivity of frea spaca,
~2% 2
5% = O Y9Y 10T o for a freo electron at an angle

o . . . .
of 1807 with the incident dircection.

The varying clectric field of the incident c.m. wave
will contribute a ophasc factor to this; and cequation (1.20)
can b rewritten as

- E. oep g Cont - 2R) | —(121)

wherae 2 = 0 corresponds to tho transmitting and receiving

points (Monostatic Rodox) ., NO is the freguency of the
incident e.m. wave, K = Ef\/,h.' 18 the propagation constant,
;\ is the wavelength of the incident wave and Er is

the amplitude of the scattered wave at the receiver given

by equation (1.20).



Equation (1.21) gives the field at the recceiver duc
to scattering from a single electron. By summing up the
scattered fields due to many such electrons in a scattering
volume, this can be extended to a group of electrons.
Figure (1.1) shows the geometry of the scattering volume

for a monostatic radar. /

The incident wave front is at a distance R from the

source of transmission (and reception). Thoe scattered ficld

at the receiver dus to tha ith clcectron distant ri from this
wayv.: front can be written as:
. [ feot—2k CReV]Y —(122)
qu EvQXP_g L %o 2k (R AN

The total field at the receiver duc to the N electrons
in the scattering volume can be obtained by sunming up the

individual contributions

f E’\( MP[A %‘«*Jo.f ~2k (R4 ‘(\7)%4"
C. ]wot L 12 Ry >] =23

QVQ
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The total flux at the receiver is given by
- _ o i~ H
Po = ESpe) T2z 2
T . LN 2 N ™ . -
- .@(@‘P(gwoﬂ e (=) st %_ M?\:Z\,ﬂ* (m-wﬂ %@Apfggak(ﬁw@ |
.2} K=t

where SEY — (‘C_(‘J/fib}//?T S:‘;’ WCLZ#«}»)

= $oe [ CHTTRY)

— as given by equation (1.19) is the peak flux

at the receiver due to scattering by a single eloectron  at

a distance R, when a flux Q)is incident on it

- C{DR = Ei%q‘ Z; %_ wpl—2 3k Oy =Yy )] —(128)

Considering a slab of elemental thickness dr paraliel
to the incident wave front' at a distance r from it (measurad
in the radial direction of wave propagation) all electrons
in this slab can be assumed to have the same r value. Let

Nrdr be the total number of elcectrons in this volume where
N o= g mn, 4R — (»fL 26)
A

where n_ o is the average electron

M

density in the slab, md A is the area of cross-scction of the
slab which can be assumed to be constant. The above
summation can then be trans formed into integration as

¢ = N S{Dﬂ'vﬁ\i-{lw%u;}&zgk <v,~\5_\]dgc}g —(1:27)

o O
whare Y. 18 the maximum value of A which is det:rmined
<

L
by the dimension of the scattering volume in the dircction

of transmission. The above relation can be written in the

volume integral form as

4 =&, § (g ey axp (-2 gk Cry-vs) Jdady, =138
Vv
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where dvl arnd de refer to elementary volumes at distances ¥y
and Y, respectively from the incident wave front, in which
the average electron densities arc Mlapq and Ty raspactivaely .
Hero one has to bring both time and spacce averages of this

parametaer, The average flux over a time interval T over which

the electron density doos not change drastically, is given by

@{ ) (H fﬂ, Qdfjw{‘: z\g}‘.k(ri,gﬂcwloxvz ~(129)

f
Let nr can bb split into a constant part n, invariant
with time and space, over the time interval T considerad
an<d in the given space domain V; and a time and space
variant part (\ nir,t). Then,
o= m,+ AmCnt) — @%0)
From this definition, it is implied that
i g.'ﬂ\ro‘i\/ = My  Ind m(\i?;lu.)
v -
v
ngd‘t = Mo w@b%lb}

e
T .
.

which in turn implics that [ln(r,t) = O, - (2552,)
where the upper bar indicates the average over a given time
interval.

Substituting the relation (1.30) in the equation (1.29)

for the average f£luw, one gets

%2 = ¢, g( {&MOM“W-M“"D* o Crp)} [oxpl-2gk () [ dva
\'{ . o i
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sSince exp ﬂ“23§<41Y1*f21] has an oscillating nature, over

a sufficiently larce scattering volume, the contribution due

£
2 .
to no  term vanishes (concopt of the coherent scatter).

Also An{Ny) = ﬁﬂﬂ(Yl} = O according to their

definition. 350 one can write

Cj)/z: (E ) ( f ANCryy Den (4 exp) -2 J k <"(‘:}'—.Y;Lﬁ0\\llc}\\f; — Q z4.)
v
Using th2 vector notation and denoting the vector joining
> —> —3
the soints "fi antl 7Y as VAN it once can rewite the above
cquation as
~——> - 3
(j A (e >AY‘<Y“LA¥”)9—>((DE A(} < O Jo\ (Qy)d(\(\) ~(235)
ﬁ
. -a)
The no ised density auto correlation function CﬂyﬂﬁVﬁYﬁ

is doefined as

e - -y e’ : L .
C (0,70 = [ ame) A,.m(\rmr)J/LdMWJ ~@36)
Substituting this in the above relation, one gekts
— B 3
qu = O ([_\."r\(‘() f(, ?<M &’“30’ A\(‘)} (\()d(‘w) ~L:37)
v o¥ |
The three dimensional spectrum of density fluctuations is
defined as,
- AP AN SRR NN -~
) = C (ar, ¥ )Mpg 1A [P(ad) ~@3%)
AY
since Fourier transform of the auto covariancos function

gives the power spectrum. Using this relation, equation

(1.37) for the scattered flux can be written as,

. 4 !



Taking into consideration the variation Qf"éi,r

\

with the expression for the flgx can boe rewritten as
$,F) = [ §,¢7) G B [anc)]P ) o)
This relation shows that the radio wave responds only to a
narrow band of Fouricr components of the fluctuation spectrum
having wave numbers contred atw52= oK. Thus cloctron density
fluctuations of scale sizé }~::Xy2 where Mo is the
wavelength of the radio wave, arc resolved by the radio
wave and are responsible for the scattered flux at the

YeCClLvEr,.

(a) Distribution of received signal =mplitude and phase

The signal voltage S induced at the receiving antenna

is proportional to the scattered ficld at the antenna. If

ono assumes that the receiving antenna has uniform amplitude

and phasc patterns within the solid anglc subtended by the
scattering volume, from cquation (1.28), one can write
N

or

SIS Z 4P [‘a Cb?] where (%%:—Q(«"(“l‘

Let us assume that the particles do not interact mutually.
Since the exponential in the above cquation is an
oscillating function, the phase can be considerad modulo
and hoence uniformly distributed throughout the range

O to 27«
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Then, 3at¢iky% ::%%? @5&¢i£2jf

= 0O alsewhorae.

This expresses the probability p (Py)d (i), that the phasc
be cncountered at any arbitrary instant within the range
¢H? S CP{ 4’Cﬁ(ﬁ{ » The resultant antenna voltage V%,is
then the resultant of a random variation. The solution to
this problem first given by Rayloeigh (1871), is that the phase
of the resultant is uniformly distributed module 27  , and
the amplitude is distributed according to,
‘ 2
o (plyafve] = Vel ool =Wl
L wl™y

Clved
A condition €for the validity of this distribution is that
B F—— 2_‘ 1
bipg —(@)" _ (o 1xd
: : 5 = K
@% w*Q%J L{ liﬁ,

(b) Signal frequency spectrum

— a1y

FPor physical studies of the mediun one frequently
requires complete knowledge of the frequency spectrum of the
scattered radiation. If the existence and position of every
scattering centre is independent of all othoer centres, then

the spectrum takes on a particularly simple form, TFrom tho

doppler relationshin we have,

IR = Wo -~ 2. ..k
1R, 1Y
W 3 5}2 Q:Z = 2 }j )
= Wo - o ~h =
‘wlv
where WiR is the frequency of thae wave received from
R o4 5 U o . _ : : L i -
the i scattering centro and 19{? is the component of the
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. . . th . . o .
velocity of the i . centre in the direction of wave propa-

gation, Then one finds that
b Cpyd (L) o PO ) COy)

where Cﬁgf;uﬁg>ciﬁﬂﬂg> is the flux at the receiver due to
scattered waves with freguencices boetwee WR and WR + dWR
and p( 19¢ ) al 19?‘ ) is the probability of findinq“&w
betweon 13Y~ and Py + Cfﬁy. » In other words, the
spectrum of the scattered signal has the same mathematical

shape as the probability density function of velocitics of

the scattering centres.

In the general casce applicd to the ionosphere it is
not possible to regard the individual free electrons as
statistically independent scattering centres., While the
irrcegularitics of clectron density can be thought of as
independent centres, the amplitudes of their individual
contributions are not constant. This modulation has an
effect on the total received spectrum. Rewriting equation
(1.23) for the scattered field strength at the receiving

antenna
- b mpb(w\, ~zka>}/ wpl-2y k]

which in the vector from can be simplified to,

2= B oxplg (uot-21eR )jj B () axp [—3 (.32 )] A () - (1 42)
\Y
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. , - . . -
The electron density fluctuations at the point
is a function of time. The autocorrelation function of the
roceived signal with rospect to time, then, gives the

Fourdier transform of the frocquency spectrum according to

the Wiener Khinchinoe theorom. Thus

-
LR LpCt+T)y = wwmg((}wot)f S
N

g&\ﬂ (\fvfc) &"\’z(m,m\ ”h}.t) AP igg/w aﬁ)zgd ‘F

— (1. 43)

Liet §E<TT) be thoe normalised auvtocorrelation function of the

received ficld

"
?E () = ¢

7

— (1 44)

Then by the Wicner-Khinchine thoorem, the frequency power

spectrum is obtained by

- 20
0 () wxp ()T — (Lad)

—eXy

H

W)

Al

As Dointed out carlior the scattered signa

oy

—

(U

can i
regarded as arising from a scrics of plane wave-like
irregularities with wave numbor I = Q»E: in the
direction of propagation. The censemble averaging ovoer
many realizations to obtain the mean scattored power
amounted to sampling many such fixed planc waves having

variable amplitude and phasc. One can decomposce cach

of tho nlane wave components with wave number K into a



A} -
spectrum of plane wavaes SWS <Jk-; F. with the same
wave number but travelling at different velocitieo'ﬁgzin
the _K dirzetion. Then as pointed out carlicr the frequency

i

spuctrum of the received signal would be proportional to the

spectrun of velocities and of thoe same form. In some cases

the nommalised spectra of all the elementary waves might Dbe

the same. Then the recoived froquency spectrum would be the
convolution of the first spectrum lerived from velocities,
with the sccond spectrum derived from the time variations.
This convolution is the Fouricr transform of the product of
the autocorrelation functions corresponding to the two

spactra.

The signal voltage induced at the antenna as mentioned

carlicer, is a mecasure of the scattered clectric field at the

o))

receiving antenna.
If q5<ff) is the resultant phase of the received
signal, then B ) .
Wxﬁﬂ :\%prtgiu%tﬁ~¢Qf&}
represents the roceived signal at time t. The expression
for the frequency power spoectrum can be obtained by taking
the Fourier transformm of the normalised auto correlation
function of vr(t). By using synchronous detection the
complex voltage Vr(t) can bhe separated into real and imaginary
parts obtained at separate torminals and later used for the
powar spectral computations. A synchronous detector performs

the operation:

VTQX\D% 3 [wet —+—(}>U§)]] % pr%awat) = V,Lus C]'>UC> 4 ) \\/\r St @ ()
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Vr Cos 43(t>, the real part and vrhin@(t), the imaginary part

are obtainad separately.

1.3 Trregularities in the electrojet

1.3.1 Nature and Generation of irregularitics

Phenomrena, such as Es—q, spread-F, radio star scinti-
llations, H.F. and V.H.F. scatter, are familiar manifestations
of the ionisation irregularities existing in the earth's
ionosphere. A close connection between Es-q and the
equatorial electrojet was shown by Matsushita in 1951., who
pointed out that in the equatorial region, the intensity
variations withlatitude of the horizontal component of the
magnetic field correlates extremely well with corresponding
variations in the Es-g intensity. These results were confirmed
later by Bowles and Cohen (1957/58) in a series of radio-star
scintillation experiments at various stations close to the
magnetic equator. Cohen and Bowles, (1963) using their
VHE forward scatter radar, over a trans—-equatorial path,
showad that the irregular ties are ¢gencrated in the height
region 95 to 110 km. a range that agreed well with the
limits of the electrojet current system determined by
Singer, Maple and Bowen (1951). The field alinged nature
of these ionisation irregularities were shown by the radar
studies at Jicamarca. The studies of the vertical structure
of the irr@gularitioé and their motion using the VHF scatter

radar at Jicamarca, have given very interesting results.
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But the processes through which LhOSp irregularities are
generated and the local conditions responsible for their
generation cannot be clearly understood with ground based
techniques alone. With the ad&ent of rockaets and satellites
for rescarch investigstions a new dimension was added to the
scope of these results and the irregularities could he
studied directly using in-situ probes.

shown the existence of several

©

These observations have
types of irreglarities. While the presently known theories
can explain very qualitatively some of the observations,

there exist many observations for which suitable theories

O

are vet to be developed. The important known types of
irregularities observed in the clectrojet region and which
are of interest in the present studies are bricfly discussed

here along with the probable mechanisms responsible for their

generation.

1. Streaming instabilities and the type I irregularitics

These irregularities are assoclated with the streaming
of electrons in the electrojet region and were first observed
with back scatter radar at Jicamarca. The detailced properties
of these irregularities, as observed with back scatter radar

iz discussed in scction (1.3.2). These irregularities have

\O‘

been classificd as type I by Balsley (1969). Farley (1963)
and Buneman (1963) independently developed the theory of

two stream instability mechanism to explaln the generation
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oFf the irregularitics Jdue to streaming of eloctrons, This
mechanism operates when the Streaming'velocity Of electrons

exceeds the ion acoustic velocity in the madium,

The rocket observations at Thumba have also given very
useful information about these irregularities (Prakash et al:
1971a,b, 1973, 1974). 7ho rocket observations showed that
these jirre gulari ties have scale sizes in thoe range of 1 +to
15 meters and a re observed in the region around 105 km where
the strecaming velocity of electrons is largest. These
irregularities occur more or loss continuously in +this

region and htve a flat spectrum with spectral index Z2T0 .

w3

‘he flatness of this Spectrum showed that they are not generate

through the decay of irregularcities of large scale sizes.

Kaw (1972) has put forward the theory o f electromagnetic
instability which con give rise to enhancod streaming of
electrons., If theso irregularitics are present, the strecaming
instabilities wil]l be obscrved cven when the average streamning

of electrons is less than the ion “coustic velocitys

2. Cross field instability and the type II irregularities

Rock 2t observations at Thumba showed the existence
of irregularities in the scale size range of about 1-~300
meters at regions where the back ground electron density
Profile exhibited a gradicent.  from radar observations,
these are classified as type IT irrcgularities, The

generation of those irregularities is attributed to
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crossfield instability mechanism. Depending on the nature

of gencration, these can be grouped into two: (1) Irregu~—
larities with scale sizes in the rangce 30-300 meters observed
in the height region of about 90 to 130 kms and (4i4i) irregu~—
larities in the scale size randge of 1 to 15 meters which

occur in the same height region as the 30-300 meter scale

slze irregularities but have much smaller amplitudes.,

Rocket obscrvations (Prakash et al, 1971) show thaot
the irregularities in the scale size range of 30-300 meters
have amplitudes varying ricght from a few percent to about
30 percent. During day light hours and evening twilight
hours the irregularities are found to occur in regions of
wward electron density gradients, whereas during night time
they occur in regions of downward electron density gradients,
During day time the irregularities have large amplitudce

(more than 20%) around 95 kms. The amplitudes decrcase with

]

increasing height, and reach a valuc of about 5% around

95 kms. Above 95 kms. the amplitudes show a rapid decreasc.
During night time also, irregularitics with amplitudes as
large as 30% werc observed but were confined to an exteﬂded
height region from 90 to 130 kms. During evening hours
these irregularities ere»observec both in 85 to 100 km

and 140 km region, though the amplitudes in tie upper region
were smaller. The amplitude and size of thoe irr@gulatitics

were found to decrease with increase in electron density.
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The irregularities were found to have g defini te

shape in the medium. They exhibited a saw tooth structure
with a steeper rise in the electron density, than the fall
during the ascent of the rocket, and a steeper fall in it
than the rise, during descent of the rocket. O an average
as one moves along the directions of the positive electron
density gradients the increase in electron density is sharper
than the decreasec. Tha shape of the irrzgulad ties, possibly

are related to their g rowth and decay processes.,

Lincar theorics of cross field instabilitics (Simon,
1963; Hoh, 1963; Macda et al, 1963; Tsuda et al, 1966;
White head, 1967; Reid, 1968; Rogister and D'Angelo, 1970)
are qualitative and do not explain the observed features
such as the shape of the irregularitics and relationship with
electron density. Linear analysis fails to tell the ultimate

fate of an initial prerturbation.,

Hon linear theorices of the cross field instability
have beon developed by Kim and Simon (1969) and Hoopor
(1970) “in the quasi lincar regime, and Ssto (1971) in both
quasilinear and mode coupling regimes. Numercial analysis
by Sate and Tsuda (1967), Tsuda and Sato (1968) and S to
et al. (1968) shows that the c rossfield instability deve 2lops
into a complete and rathoer stationary turbulent state through

2 coupling, elative amplitude of density fluctuations

mo-l

amounted to 30-50% under +he saturation condition amd oa
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phase mixing of each mode occurred, resulting in a prominent
deformation of the initial fluctuation. Numercial studies

of Ogawa (1972) and tho theorétical studies of Ronglien (1974)
on the cross field instability in the non lincar regime show
that the wave form becomes saw tooth or soliton like under
saturation conditions. Ogawa found that the power sSpectrum
of the density wave is approximately Km3 or softer. Rogister
(1972) devéloped a non-linear theory which explains the
cnergy transifer from large wave length to small wave lengths
oy modé coupling. The theory predicts a supra thoermal
fluctuation lovel in an appreciable range of wave lendths

! i

corresponding to lincar stability. he ordcr of magnitude

=]

of Jensity fluctuations for the modes with maximum growth

While the amplitudes of the irregularities in the
scale size range 30-300 meters obscrved with the rock t
obscrvations at Thumba can be as high as 30%, irrecularitics
in the scale size rance 1 to 15 meters, have an amplitude of
only a few per cent. Using a power law of the type E(K)= cx™
the spectral index n of this type of irregularities during
evening hours, was found to ke of the order of -4 for heights
ke low 100 kms and -3 in the 110 and 140 km regions. During
day time the sohectral index was found to lice botween -2
anc =4 around 90 kms. and during night time it had a value
off =4 at 95 kms and -3 around 120 kms. These values show

a large scatter in the spectral indices. If one accepts

A«
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that large scale irregularities decay into small scale

s

th

th

lat spectrum arce probably older

o+

=

irregularitices those wi ue

in time. As these irregularities are confined to the same
height regions as those with zcale sizes in the range 30-300
neters, the two types scem to be somehow related. Balsley

and #arley (1971), from a study of the electrojet irregularities
at three frequencies 16 MHz, 50 MHz and 146 MHz which correspond
to scalo sizes of about 9, 3 and 1 metre respectively,

reported that type I irregularities werc observed right upto

146 MHz, while type IIA dominated around 16 MHz., This indicates
that type I irregularities have a flatter spectrum than type IT.
A steep spectrum for the type of irregularitics discussed

above indicate that they are similar to the type II irregu-
larities didentified from radar studies. The occurrence of

type II irregularities on most of the rocket flights give

additional support to the hypothesis that they are same.,

Lineayr theorics of crossfield instability do not even
qualitatively aplain the 1-15 meter scale size irregularities.
Rogister and D'Angelo (1972) have suggested a non linear
excitation of the crossficld instability in the cquatorial
electrojet. TFor the height region where 3&&215» << 1

g WWg
they have calculated the largest wave number of which the
fluctuations can be excited non-lincarly and have found
lk“mqiﬂ.\: A4 vns in the non linecar regime. Sudan (1973)

proposed the genoeration of small scale irregularities from
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horizontally propagating large scale irregularities with

wave lengths of 50 to 100 meters or morc. These irregularities
produw e horizontal gradients much larger fhan the original
vertical gradients and vertical drifts as large as the
original horizontal drifts. These in turn lecad to the
gencration of vertically propagating irregularities. Typical
wave lengths of about 6 to 7 metres are accounted for by this

theory.

1le3.26 Radar studies of the electroijet irregularitic

A closce relationship between Esg and the ecuatorial
electrojet was first demonstrated by Matsushita in the year
1951 (Matsushita, 1951). He showed that the variation with
latitude in currents in the elcectrojet region as shown by
variations in the horizontal component of the geomagnetic
field correlated extremely well with corresponding variations
in the Sg intensity. This point was given further evidence,
when Cohen and Bowloes (1963), showed from radar studies that
time variations in the radar ccho intensity correlated quite
well with variations in the horizontal component of the
geomagnetic field., In an cxperiment reported by Egan (1960)
during the International Geophysical Year (1957/58) it was
indicated that the E~rcegion irregularitics scen by an oblique
looking radar at Huancayo, Poru (dip latitude 0° 30'N) were
strongly field aligned confirming an earlicer prediction
by Bowles and Cohen (1957) . By field aligned, it is mcant

that the dimensions,; or correlation distances of the
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irregularitics are much greater in the direction parallel to

the magnoetic field than in a transverse direction. An aspact
sensitivity was, hence, observerd in the radar echoes. Radar

echoes were obtained only when the beam was oriented in a

dircction nearly perpendicular to the magnetic field.

Another experiment performed at Huancayo (Bowles et
al. 1960) established that +the predominant echoing contres
in the Jday time clectro jet as scon by the VHF radar, waerce
plane wave electron density irregularitics. These plance waves”
travelled more or less towards the west ih the dircction
of the ¢lectron flow. These observations were consistent

with a modified theory of the two-stream plasma instability
later cvblop 2d by Farley (1963). 2An increasc in the apparent
radar ccho cross section with antenna elevation angle

reported by Bowles et al. (1963) was a supporting evidence

for the two stream theory as propounded by Farley. These

irregularities were obscrved only when the electrojet current
excecded a critical valuce (Bowles et al. 1963) and this
threshold effect was higher for ochocs obscrved at 148 MHz

than those at 50 MHz.

The two-strecam instability theory failed to account
For the VHF radar spoectra with frocquency shifts lcés than
the threshold proedicted by the theory. At times such
spectra dominated over the spectra produced by two-stream
instabilities, particularly when the radar antenna was

directed vertically (Cohen ot al, 1963). The normal
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mid day echoes woere obscrved (Balsley, 1965) to come from the
entire vertical extent of the region; but a marked splitting
of the region occurred at periods well S@barated from mid day.
This obscrvation could not be predicted from the two—-stream
theory. The large ssale irrcecularitios with dimensions of

the order of a few kmss which were obscerverd drifting in thc
general direction of the clectron flow; also could not be

explained by the two ream theory,

The gencral picture which cmerges from all these
observations indicatas that there are at least two separate
irregularity producing mechanisms in the electrojot
Irr@gularities proiuced by the two-stream instability
mechanism, classified as type I from spectral characteristics,
predominates during periods of high current density, producing

plane wave irregularitics which travel at the ion-acoustic

i

velocity. The slower moving irregularities care classified as

type II, from their spcctral charactoristics as discussed
in the noxt section. The gencration of these irregularitics

lity mochanism as clearly shown

ield instabi

e

i by the cross

re

by the rockoet observations at Thumba (Prakash ot al. 1971a,b,
1972) .

opectral characteristics of type I and tyvoce I1 echoes

A typical exomple of the two stream or type T
snectra (RnlSl_Y, 1967) is shown in figure (l.2a). It can
bo seen that most of the roturned power is displaced from

the transmitted frecquency by about 1D Hz. which corresnonds to
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a velocity of the cchoing centres, near to the ion acoustic
velocity. The obsarveld dopnler shift for this type of
irregularity is essentiallyvindopendent of the antenna
elevation angle. During day time, a westward antenna beam,

gives rise to negative doppler shift, which shows that the

irregularities are moving in a gencrally westward direction,

Figure (1.2b) shows a spectrum obtained when both
type I and type IT echoes are present. There is a well
defined peak displaced from the transmitted frequency by
about 120 Hz. An appreciable portion of the received power
has been returnced from irregularitices which are moving at

velocities less than the ion acoustic velocity. Assuming

o

a symmetry in thoe type I spectrumn about its peak, one can
split the spectral curve into two curves, one representing

the power scattered by type I irregularities and another by
type IT irregularities. This method of spectral decomposition
technique has becn used by Cohen (1973) in analysing the

racdar spcctra. He suggests that there are frequently two

or more strata containing type II irregularities.

Figure (l.2c) represents a typical type IT spectrum.
This in general is broader than the type I spectrum.
The drift velocity of type II irreglarities is related
to the doppler shift of the received echo by the relation.

§¢ - 2V isin®

C
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Relative power of type I and type IT echoces

To obtain information on the relative power between
type I and type II echoes when both are apparent in a
spectrun an obvious assumptibn is that type I irregularity
will produce a symmctrical spectrum about the ion acoustic
velocity (Balsley 1967). Total arca under a spectral curve
may be equated to the total returnced echo power. The area
under the spectral curve assumed to represent the type T
echo, gives the power contained in the type I echo. The
difference between t hese two power estimates then gives the
power contained in the type IT echo. In general, the type II
echo power shows a decrease with increase in the type I echo

pPoOwaer,

A quantitative relationship between t he type II echo
power and the drift velocity of electrons as reported by
Balsley (1967) is shown in figure (1.3). The data points
corresponding todrift velocities between about 50 m/scc
and 300 m/sec are well grouped about a straight line and it
is an indication of the power law relationship botween
the variables. As noted in the figure, the relation is

given by 5

) - ; . . oy g oy P - B
where \Y“ 18 the relative average received power and Co

is an arbitrary constant. The amplitude of the radar ccho
1

is proportional to PY} ancd hence is proportional to the

drift velocity Yﬂi of the type IT irrcgularitics. Since
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the variation in the ¢lectron ﬂ@nsity’is much less when comnpared
with the variation in Tﬁi the above relation is an indication
of a linear rclationship between the ampiituﬂo of the radar

echo and the strength of the electrojet currents. The
significance of thesce results in the estimation of currents

above the electrojet region are discussed in section 6.3.2)

1.4 Scopa of the present studices
e

Ground based and rocket borne measurements have boeen
used tostuly the average picture of the electrojet current
systom and its variation with time. Even with the vast amount
of information available on c¢lectrojot many of the important
featurces of the current system are not yet understood. For
example, how the world wide 5g current system is connected
with the equatorial electrojet is yet to be clearly known.
The dynamo electric field being the primary force driving the
clectrojet as well as the 3g currents, requires a special
stuly, as regards to its time variations and thoe location of
its sources in order to establish the nature of relationship,
if any, &xisting betweon the current systems. Though the
direct measurencnt of these clectric fields will solve the
problem, the technical difficultics involved in these
measurements and the accuracy of the results that can be
obtained from such measurements, diverts ona towards
indirect estimates of the nature of these fields. This

has been onc of the main objectives of the present studies.
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Study of the nature of variation of the clectric
fields with altitude is of significant importance in under-
standing the location of the sources of these fields., In—-situ
measurements of the electron density and current density
profiles were used for the indirect estimation of the
variation with altitude of the electric fields driving these

currentse.

Morning an<d evening hour; being poriods associated
with the roversal of the electrojet currents, an understanding
of the variation of the electric fields during these periods
scoms to be indispensable in locating the sources of these
ficlds, This aspect of the problem has been s tudied using

a VHF back s catter radar installed at Thumba, an equatorial

station.

D: rimo roversals (counter clectrojet) in the normal

i rection of flow of currents in the clectrojet region is
one of the most imoortant sources of information in the
study of the nature of the clectrojet currents. Though this
still continucs to be an important problem of present day
studies 1ittle scems to be understood so far. The back
scatter radar at Thumba was used to study a few aspects of

this problem and the significance of the results obtainoed

arce Jdiscussed.
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The time variation in the H component of the geomagnetic
field at an ecuatorial station is closely related to the
variations in the ionospheric currents. The radar echo is
associated with the irregularities in the electrojet region.

A comparative study of these two parameters hence is expected
to give the nature of the distribution of currents in the
ionosvheric region. In turn, such an understanding of the
distribution of currents, is essential in the investigation
of the morphology of the three dimensional current system.
This and associated problems were studied using the back-

scatter radar at Thumba.



CHAPTER - I

roduction

Instrumen

tation and D

2,1.1 System in general

VHF signals are transmitted in the form of pulses.

o

T scattered signal from the irregularities is analysed
through high gain receivers. Th= amplitude and spectral
variations in the radar echo are recorded and analysed.

The whole system used for this is shown schematically in

_Eig'lhlfe (2»1) [

54.95 MHz continuous waveform generated inrthe
programmer unit is modulated by pulses of variable width and
variable repetition rate. The pulsed VHEF signal thus
obtained is amplified through a number of stages to the
required power level and transmitted using an antenna array
vertically or obliquely as required. The transmitted electro-

3

©

magnetic waves are scattered by the ionisation irregulariti
in the upper atmosphere. An identical antenna array receives
the radar returns, and sends the signal into two receivers,

through a two way power divider. One of the receivers
after a series of intermediate frequency conversion and
amplification stages, sends the average variations in the
amplitude of the signal, to a strip chart recorder. The
other receiver, taps the informations regarding the

dopoler shift in frequency of the signal; and generatces

the canplex voltage signal representing the doppler
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frequency variations, in the form of two outputs. These

two outputs are thon fed to a spectrun anaIYSer mit, where
the relative amplitudes of the difforent frequency components
are extracted using a set of band pags filters. The filter
outputs are displayed on the scope, and photographs of the
doppler spectra are taken. These recordad signal parameters
are sampled anl analysed later. The various sub units used

in the signal recording, and the methods used for the data

reduction are briefly explained in this chapter.

2.1.2 Prodgrammer unit

The block diagram of the programmer unit is shown in
figure (2.02), The astable multivibrator generates pulses,
from which all the pulses used in the later stages are derived,
The repetition rate of these pulses can be continuously varied
in four ranges, the adjacent ranges being overlapping. The
four ranges are shown belows

i. 40 - 100 pps

ii. B8O -~ 200 pps
iii. 160 - 400 pps

ive. 320 - 800 pps

The pulses from a 100 fAs monoshot triggered by the
pulses from the astable multivibrator are inverted and f£ed
o the transmitter pulse monoshot. The astable multivibrator
output, triggers a 400-500 f& s monoshot which generates the

receiver blanking pulses. The receiver blanking pulse is
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generated, about 100 M8 bi:fore the Tx. pulse 18 genserated,.

The width of the transmitter pulse is continuously

variable f£rom about 50 }LS to about 50O ﬂLS in four over-

lapping discrete randges.

The gate pulses, used for the height selection are

derived from the transmitter pulse. The output from the

irst collector (invorted) is used to trigger three mono-

¥

b

hots, which generate pulses of width continuously variable

\3,

@]

from 0.3 ms to 10 ms in three discrete overlapping ranges.
Three height selection pulses of width variable from 5 to

125 /Ls continuously in two discrete overlapping ranges are
generated in three scparate monoshots triggered by the three
pulses from the above monoshots. The delays of these three
height selection gates from the transmitted pulse are dependent

on the widths of the monoshot outputs, and are independently

The repetition ratz and the width of the transmitted
pulse are displayed digitally using nixic tubes, and hence
can be continuously monitored,

The transmitter nulses of variable repctition rate
and variable width, are used to modulate 54,95 MHz CW output
from 2 crystal oscillator and is amplified to a power
level of about 60 mw (fig 2.03) and fod to the exciter unit
of the transmitter. The other pulses required for the
di fferent s tages of amplification before transmission are

also derived from the transmitter pulse,




TER

A

=

Pass

Gw

~
1

:r{ #
PV T

%& 5t

o

s

(‘w
zﬁ @ i
{ ‘mwnmﬁmﬁ.m;;n::nﬁ-
s PR Vsl ’ -
B - .
ey
o §
L "3?“
E &
lo‘; u¢"
2
g it
I ! %
W
b
el
CLJ,
e
&
o B
Yol Py
Frrtasenstarsme; . ‘
¥
4 A
RUgil#3 a
i { LR
Pt . £y
e B “
5 ere gt 2 ;
Eak
i1 £
Hi # .
FR Mﬁ
epdd
i
[




46

tter

The di fferent stages of the transmitter unit, are
shown schematically in figure (2.04). T?D 60 mw output
from the programmer unit is fed to a three stage exciter
unit (figure 2.05). The first stage raises the power level
to about 2 watts and drives the second stage through a trans-
former coupling unit. This has an output of about 8 watts and
is used to drive the third and final stage of the exciter.
The exciter raises the power of the transmitter pulse to
about 80 watts. This stage 1s terminated in a'IT”type

matching network, which has an output impedance of 5Z2.LL .

@

The e xciter output is used to drive the second stage
namely the Doiver aomlificr stage (figure 2.06) of the
transmitter, through a transformer coupling unit. The
driver stage also has a TI type matching network at the
ouﬁputg The exciter output of 80W is much above the drive
level (20 watts) of the driver amplificr. Tha driver output
has a power level of about 1 KW and is sufficiently above

P

the drive onower required by the next power amplifier stage

which 1is about 40W,

The power amplification in the third stage (figure 2.07)

is done in two parallel steps using a BEL 400 tube in cach

-+

stage. These two amplificr stages raise the peak power
of the transmitter pulse to about 12 KW. The TV  type
matching network at the output of this stage, gives an

output impedance of 52 £ .
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The supnly voltages for the different e lements of the
tubes used in the transmitter are indicated in table (2.1).
The screen grid supolies for the driver and powar amplifier

tubes are generated using two modulator units (figure 2.08).

[

Other d.c. suosplies are obtained using regulated power supnLly
units, Table (2,1) shows all the supplies at di fferent stages
of amplifications, the coupling between the stages, and the

intermediate power levels.,

An on line power meter measures the peak power output
of the transmitter before being fed to the transmitting
antenna array. The fluctuations if any in the transmitted
power can thus be continuously monitored. The power meter can

also give the reflected power and henc: the standing wave

ratio can be obtained. Any mismatch between the transmittoer

output impedance and the antenna impedance can thus be

1 L

The receiving system consists of two receivers and

ted recording and disnlay systems. The two reccivers

o]
6]
6]
@]
O
}._J -
o)
[

are fed from a common receiving antenna array, through a
two way power divider.

(a) Receivar for amplitude studies (Receiver I)

A block diagram of the receiver used for the study

i

of time variations in th

e amplitude of the radar ccho,
is shown in figure (2.09). The circuit diagram of the

initial TI.T. and R.F. stages are shown in Ffigure (2.12).
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The R.F. amplificr consists of two common emitter
tuned amplificr stages making use of low noise MM 5000
transistors. The first mixerﬁgsed ig a Rzlcom double balancod
mixer which also gives vcryqyoéd isolation. The 50 MHz local
oscillator is a crystal controlled one and is of colpitts
type. This is followed by two stages of amplification and
the 7 dbm output of these s tages is fed to the Mixer. The
L.F. amplificr has two s tages making use of B.F. 115 transistors.
The 4.5 MHz crystal oscillator output is fed to the emitter
of the second mixer which makes use of an AF 115 transistor,
The output of the second mixer which is at 450 KHz is ampli -
fied using one stage of AF 115 transistor. A commercially
available intermediate frequency transformer (I.F.T.) is used
in this stage, and the required bandwidth is obtainecd by
shunting the primary of the I.F.T. This is followed by
a diode detector and filter.

The receiver has an ovoerall maximum gain of 118 dB
which can be reduced in steps of 6 db if neécessary. This
attenuator is introduced betweon the first mixer and 4.95 MHz.
L. amplifier so that the signal to noise ratio is not
affected. The noise figure of the recciver is about 2.6 Ab
and the bandwidth is 12 KHgz.

The power supplics of +18 and ~18 volts are obtained

using a series regulator.,
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(b) Recedver for spectral studies: (Receiver II)

Figure (2,13) reprecsents schematically, the dif erent
stages employed in the receiver used for the study of spectral
characteristics of the received echo.

N

The nuvistor (6CW4) preamplifier (figure 2.14) used

has a noise figure of 3.5 db and a gain of 13 db. Noiso

@]

figure of the first R.F. amplifizr (figure 2.14) is 2.6 db

and has a gain of 41 db. This consists of two amplifier
stages making use of MM 5000 transistors. The sccond R.F.
amplifier (figure 2.15) consists of 2 stages making usc of

2N9 18 transistoré and has a gain of 49 db. The 54.95 Miz
signal at the output of the second R..i. stage 1s brought down
to the required power level using a broad band 0-132 db
attenuator variable in steps of 1 db and is mixed with 84 .95MHz
oscillator output using a double balanced mixer. The 0-132 db
attenuator is used to adjust the power level at the input

of the double balanced mixer to -43 dbm. The mixer stage is
followed by two 30 MHz I.7. amplificr stages (figure 2.15)

¢ power level to +3 dbm. These amplifiers

which bring th
contain two stages making use of BF 115 transistors. A
two way power divider, feeds the signal to two phase detectors.

This foms the signal channel of the roceiver used for

spectral studics,
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An identical system is uscd to form the reference
channel of the receiver. Instead of tho received echo at
54.95 MHz, ref.rence signal of 54,95 MHz at -43 dbm power
level is fed to the double balanced mixer, which is followed
by the IF stages and a two way power divider. The 834,95 MHg
crystal oscillator ontput, is fed to the double balanced mixers
in the signal channel and the reforence channel through a two

way power divider,

One output from the signal channel and one from +he
reference channel are fod to a phase detector. The other two
outnuts of the signal and ref:rence channels are fed to a
second phase detector, with a 90° phasc shift in the output
from the referonce channel. A K/@ RG 58/U cable is used +o
obtain the 90° phase shift. The outnuts of the two Dhase
detectors are nassed through low pass filters (figure 2,03)
with cut off at about 10 KHz, Those low pass fi lters are
active filters using operational amplifiers, The outputs of
the filters, are fed to a Spectrum analyser unit, for

obtaining the doppler shift in the received ocho,

Z2alob Spectrum analvser unit

The phase detected outputs from receiver IT
represent the real and imaginary parts of the complex
voltage ropresenting the fr:quency variation in the
received echo. This complex voltage is spectral analysead
using a McNamara system of double doppler shi ft analysor,

Figure (2.16) shows how the outputs of Receiver IT are
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processed to obtain the voltage spectrum. These outputs arc

sent through two channcls which are identical up to the

differential phase shifter stage.
Using height selcction gates, with variable delay and
width (the same as those used in the amplitude recording system)

these signals are sampled and held (figure 2.11). The modu-
lation in the¢ signal which contains the required doppler shift

information is separated from the high frequency carrier by

[a}

I__J

passing through low pass filters with a cut off at 200 Hz.

—~

The outputs of the low pass filters are amplified to the

recquired level using operational amplificrs (figure 2.17).

e e o)
The two amplificed outputs thus obtained arce fed to a 90
wide band differential phase shifter (figure 2.18) which has
a frecuency range of 9 Hz to 180 Hz with an estimated theore-—

al error of 4+ 0-27 degrees. A six pole notwork has been

(_‘.

used for the purpose, and the unit has an insertion loss of
17.8 db. The two phase shifted outhuts are fed to an add and

substract wnit (figure 2.19 4i). Operational amolifiers

.

are usoed as alders and subtractors. This scparates the

upper and lower side bands, representing positive and negative
doporler shifted components respectively. These outputs

are fod to a system of 24 bandl pass filtors (ficgure 2.19  ii)
12 on the positive side and 12 on the negative side. Each
filter consists of an overational ampiifi@r vith a Twin - T
network in the feedback circuit. The doppler spectrum of

the received signal is represented by the 24 outputs of the

Filters taken in proper order
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2.1.6 Recording units

(a) Amplitude recording system

A block diagram of the amplitude recording system is

shown in figure (2,20). The delay of the sampling pulse is
adjusted so that the peak of the received signal coincides
with the trailing cdge of the sampling pulse. Though thore
CX18ts provision for +throe gate pulses with independently
adjustable delays and widths so that up to three different
height ranges can be studied simultaneously, only one is
used for the present purposc. The sa mple and hold circuit
(figure 2.11) csso ally consists of an FET, which passes
the signal to its output only during the sampling period.
A capacitor across the output terminals gets charged to the

signal lovel corres ponding to the trailing edge of the samp ling

pulse and retains the charge till the nox pulse arrives.

At the arrival of the next sampling

O
F

conducting and offors an ¢ asy discharge path to the capacitor,
and the capacitor gets charged to the new signal level., The
output of the sample and hold circuit is averaged (time
constant is 1 secc) and fed to a strip chart recorder

The averaging circuit is shown in figure (2.24),
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(b) Spectral display and recording

The outputs of the bandnass filters in the spectrum

analyser unit, are detrcted and averagad (time constant 4-5

seconds) and the resulting d.c. outputs are multiplexed and Fed
to an oscillscope for display. The multiplexer used for this
purpose is shown in figures (2.21, 2.22 and 2.23). Tho displayed
frequpncy voltage smctrum is ohotogranshed with a camera attached
to the oscilloscooe screen. This spectrum is later used to

obtain the dopoler power spectra. The procedurce for this is

explained in section (2.3) of this thesis.

2.1.7 Antenna svstems

Two sets of antenna arrays were used during the present
studies. Eich set contained two identical arrays, onc for
transmission of the radar signal, and thoe othor for reception .
Bach array could be operated in vertical or oblicue transmission
(or reception) mode. The oblicue transmission mode was
obtained by introducing additional phas@r cableos at the

feeding points of the different antinnas in the arrays.

(a) Yagi array

Each yagi antenna in the array consists of a
folded dipole which is thoe driving clement, three directors
anct a reflectors. The clements are in the north-south
direction. Figure (2.25) is a schematic representation of

the yvagi array. Two rows of four vagi antennas cach arc

spread in the cast-west direction. The transmitting and



. 2. s = THTT a T " - LY
T o= LINg SS¥S I id 4 THig

= 1w
BERREBOIY I g0 4 iy

AAAN 150D
IR IR3N 0

HAAALESHBGON N TS 3 MG

T KEAANLS b 0N b IrR49 5 3605y i
DA IO08Y
SRIVE  HON ingedl
H2Z3meY
INe M EOMI a0 KR i@ uoes :
juialafaTofalsly
¥ g
3 . 3
, F 7 o i . T
" w, ®30T
3 3 3
o B oxioids  x B Al - wl B Alebeddsy  led " ] st H i uk ¥
SN - I il ex RE e R ti & @nw sl ? al 7 a4t mﬁ 3
= glwm UWA B i u.ﬂs UM vrm... Um un .wm uw
paR—" r & r : : £ z
S W L -~ 7t 8 B gt 'R g S v um (i B 3 W I emes L " ﬂu  tn
S
1 ¥ r : H 2 4 3 o 3 8 ¥

[{39w ) @3iNoD o 39wis v2] - MAXIWIIOW



{1 - 1IN0 ¥EE1411 T $22°7 "51i4

IIMOLIMS 3199 IME W 9§D

II¥S 361 00 d © S4/4 Il 4D Swine 3 4
® W IHL 1Y NIV 3yy Sing ind o2

1w GROCHS

%t ¥l ¥ nid 334
104 23 0LL 33 £:2 23
HHD 1 20 - 23
1 seed Ui SHIBHAH © pge 23
. m»\\.“ Hrz
294 SuBBMNN Il |, g

{33a37 3nH0 as fw

L_Les

MaAIDRL I D
g 0
L

® ) £} m » n b
B % g oM % = 5 1S = : > M B, xd
2 i3 ¥ ooy : Pet St £l &
= ST 2k ® S0 & uinwmm 3 foud 3 Faed

v otk s ok S - SRR SIS S B fhdn o
& YN A & FARE S B HooLE

A a i 5 b=t 9] d Q M &

oy 1

dIINNDD  omjE 399iS w2 HIK I




MULTIPLEYER « ONE OF THE 24 SWITCHES

. @ )
N 43481 : %1 M«mm-jmmu.u@ ()gp
.},

gk o HA 761 SUPPLY 4159, -5V
00K

foamsssifill i Bossammnd

g,

e P00 P 3TH
oot 15 Y

TR A !

K 47 %
2 Ch 531 KA
%,
N . '
280150 ﬁ}_ ap I~ . st GATE IRPUT FROM (PULSE )
msrom pormeriid ) SO T U NG COUMTER

U VT TYY Y SRR

HFR

b
418y

KLTIPLEXER UNIT » 117

w}
%
Ll
®

pon

SIGNAL STRENGTH RECORDING  CiRCUIT.

B . ¥g D0 TO CHARY
PECONDER

141
SHNAL & o

j% 4 AL
e dd | f
R ’31 | A -
ey L,

HD "

18
4 5y P A,
3?‘?2%&5}" o] Dk

%ﬁﬁji‘? 1 smw

sEGH
PO

i

E e e IR 404
; J LN L

i |
By wy b LY

FIG, 7,044 AMPTITUDE RECORDING CTRCUTT




ANTENNA  ARRAYS
I‘

Z

TH.  ARRAY RE . ARRAY ' )
w B eiemestian wwg

s
|
r:.“::..i.“‘:“:_z
'A—_-_:_"‘—“-"“.\T__.w
c:;}:;:-

__g
f:g:;:;z
L._.__s...:_—:-\

1
e —
o

;W_“...\{, ,,,,,,,,,,,,,, 1 [
I FH
J
CABLE I CABLE |
Tmom TO RECEIVER,
CTRANSMITTER

f
W RY
" ¢ ! s
1. g
) ; " , FOLDED DIPOLE AND
3, T
HALUN FEEDING

o
s,
]

N UNBALANCED £ND
FEEDING CABLE

FEG, 2,25%:  ANTENNA SYRTEM: 1« YAGY ARRAY WYTH
BALUN FEBDING



54

receiving arrays are separated by a distance of about 4 to 5

was* lengths to reduce the leakage of 54.95 MHz signal during

3]

2]

L

the receiving mode, This configuration of the array gives

narrow beam in the east-west plance.

The impedance of the arrays is adjusted to be 52 5. .
The array has a gain of about 18 db over an isotropic radiator,
N . L N - : oy = - < 1 < - . - C‘O o~ O
and beamwidth in the H and & plancs arce about 157 and 20

respectively . The beam is polarised in the north-south planc.

£ Nag

The method of fecding and receivino the signal is
shown schematically in figure (2.25). A balun (balanced to
unbalanced converter) converts the balanced 52 S impedance
of the anténna into an unbalanced 52 5L impedance at the
feeding and receiving points.

The beam of the antenna in the usual mode of operation
is vertical. It can be made oblique, by adding additional
phascr cables at the feeding points of the different antennas

in an array.

(b) " Dipole array

This array was set up with the joint cfforts of NOAA
scientists (Bouldcr,'Coloraﬂo) and Space Physics Division
(35TC, Trivandrum, India). This consists of 208 dipoles
in the geometry of 52 x 4 dipolaes (52 dipoles in onc row
spread in the north-south dircction with four such rows in
the east-west direction. Similar arrays are uscd for
transmission and reception. The dipole elements are made
of RG 8 A/U coaxial cables. The array is shown schematically

in figure (2.26) .
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The impedance of the array is adjusted to be 52 JL

=
6!

by a stub line matching device. The balanced impedance
converted into unbalanced one using baluns at the feeding
(or roceiving) points of the array. The method of feoding
is shown in the figure (2.26). The array has a beam width
O N = ~ O . I - T . - 4l .
of about 37 in the E planc and 277 in the H plane. The
dipole clements being spread in the north-south direction,
a wider beam in the cast-west plane is obtained. A gain of

25 db over an isotropic radiator is estimated for this array.
The bean is polarised in ths north-south planc.

Like the Yagi array, the beam of the dipole array
can be made oblique by using noecessary additional phaser
cables at the feoding and receiving pointes.

For the oresent studies both the yagi and dipole
arrays were used, and were operated both in vertical and

. e . & E . O £ ) : Y
oblique (first at 45°W and later at 30 W from vertical) modes.

2.1.8 Calibration of the amplitude receiver

The linecarity of the amplitude receiver is tested

u

using a calibration network (figure 2,10). A part of the
54,95 MHz signal from the programmer unit, is fed at the
innut of the amplitude receiver through an attoenuator,
The output of the recciver, rcecorded on the strip chart
recorder, for known voltage inputs to the receivoer is
notaed. By ¢ hanging the attenuation the lincarity of the
receiver is tested. This frequent check, is intended to
climinete the inaccuracies in the results, that can arise

due to any possible non-linearity in the receiver,
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2602 In~situ measurcments of J and ne
2620l Measurement of J:

Proton precession magnetometers used for the measure-

ment of the total magnetic ficld during the reported flights

—

weroe miniaturised rugged versions of packard and arian type
(Cahlill et al. 1956). The magnetometer consists of the
sensor, a programming multivibrator, thé cycling relay, pola-
rising power supnly and theé main high gain amplificrs (Sastry,

1964) ,

The total intensity of magnetic field F is measured
using the proton precession magnotometer, A proper theoreti-
cally predicted base value (in the absence of electrojet
currents) is selected and the depatures [ F of the measured
field from this base valuc is calculated. /\ F values are
plotted against altitude to obtain the "difforence curves'.
The current density profiles are derived from the slopes of
these difference curves, uwnder certain aSSumptions regarding
the nature and extent of the electrojet currents. The
effect of the currents induced in the conducting earth 1s
also takoen into account during this conversion. Current

2
density J in amps/km” is calculated using the formula
(sastry 1970) .

1oy — :> N /0L ﬁ’vzﬁll\ Eﬂ
T = Lo (aF, — O m,\/\ o= ha) BmEE ke
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where AFy, and [AF , refer to AF values at altitudes h, and
<

h? close to each other, and arc obtained from the "di {ference

" in gammas.

2 1s the mean height in kms. whoera the current

density is J(h) .

20242 Measurcment of na.

Laboratory methods of measuring clectron densitics
using Langmuilr probes Lave been extended to the measurement
of @¢lectron densities at the ionospheric levels with the
advent of rockoet studies a couple of decades ago. Since
then various forms of'i@ngmuir probes have been used for
the measurements. Langmuir probe systems distinct from the
conventional ones (Smith 1964) were used during the experi-

ments reported here (Prakash and Subbaraya, 1967). This is

e

functionally similar to the Smith system, but has many
practical advantages over the samce. It is much simpler,
uses a single floating power supply: reduces leakage currents r

within the system to a minimum, and facilitates the use of

a

guard ring clcectrode without any additional electronics.
An celectrometer amplificr converts the sensor current into
an analog voltage which is telemeterced and recorded at

ground stations.

Tho probe current profiles thus obtained are converted
into electron density profiles using conversion factors
obtainaed from othor experiments which measure the abhsolute |
values of the electron density. Usually ilonograms are usaod ol

for this purposc.
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2.3 Data roduction

6]

2.3.1 Correction of spectra for filter characteristic

The photograph of ths radar spectrum represents thoe
output voltages of the system of band pass filters. The
characteristics of the £ilt.rs modify the actual spectrum and
what 18 obscrved is only the convolution of the actual spectrum

by the filter characteristics. Knowing the filter character-

N

istics one can compute the actual spectrum from the observed

6

one to a certain degrec of accuracy.

Let gij represeﬁts the transmission factor of the
filter ot the jth freguoency. IF Voi is the actual output
at the ith frequency and Vi is the output as observed from the

spectral photograph, then one can have the approximate relation

i) = (v gy

In the present case thare arce 12 filters and gij
honce is a 12 x 12 matrix Voi is a column matrix of 12
elements, which are to be computed, and Vi is a column matrix

with 12 elements that are known., 7The g. valuas are norma-

ij
lised such that
: 2
Z..gij = 1

3

50 Voi wvalucs can be obtaincd by multiplying the
3 iy et - i~ . 1 . . 2 . K . L ¢ 2 - 2
inversoe of tho matrix (gij ) by the matrix (Vi ). The <VOi )

value thus obtained is a measure of the power at the ith

frequency .
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By feeding known voltages at known frequencies and
observing the outputs of the mndpass filters, onc can compute
the gij values which can later be normalised according to the

condition stated above.

2,362 Donoler spcectrum and the velocity spectrum

The power spectrum of the radar ccho represents the
probability of velocity distribution in the electron density
irregularitics (section 1.2,3). The peak of the spectrum
corresponds to the most probable velocity of these irregu-
laritics. A dopoler shift 81; in the spectrum corresponds to
a velocit Uy of the irrigularitics in the dircction of

observation and is given by
Vo = "’(.C/,2f$b > ‘g‘g
where fo is the transmitted frequency, and ¢ is the velocity
oI eglectromagnetic waves., Tho velocity Vd is taken to be
positive in the direction of transmission. The negative
sign in the above equation shows that when Vd is positive g%-
is negative,

For obliquz transmission, (radar becam at an angle

with tho vortical) the velecity computed from the powar

spectrum 9, is to be modificed to obtain the horizontal

8

velocity of the irregularities. If one assumes that the
motion of irrcgularities is only in thoe horizontal dircction
most of the time (a well acceptel assumption), then thoese

two velocities, are related by the eguation.
4 A

: A : . !
Ve = HﬂfSﬁﬁ@ yand hence Oy can be computed,
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2ot Digital data processing

There arce many disadvantages assqciated with this
method of analog data processing. The finite nunber of
filters limits the number of ép@ctral points to a very low
value | thus affecting the frequency resolution. Though
corrections can be applied to the frcqﬁcncy characteristics
of the filters, the errors involved in the dorrection also
puts a limit to the accuracy of the results obtaincd. The
fading in the amplitude of the signal when is of the order

Ty e

of dwppler shift asscciated with the spectra affect the
accuracy of measurcments. The fading rate, to some cextent,
can be identificed from symmetric effect on both positive
and nogative sides of the sooctra and can be corrected for,
In order to obtain results to a bettocr accuracy 1é digita1

data processing unit has been Bsigned and will be operative

in the near future for the radar studies,

The outputs of Receiver II, from different height
ranges arce multiplexed and converted into soeries outputs
which are fed to o fast analog to digital converter.

An ADC with a conversion time of about 100 M sec is found
to be suitable for the present studies. The parallel
outputs of tho ADC are storced in Flip-flop registercs
which on command arce transferred to the buffer unit of the
cdigital magnetic tape unit. The sign of the voltage at
the input of the ADC, is stored as a sign bit along with

the data. Thoe accuracy of data thus recorded in the form



6l

of say 7 data bits and a sign bit is limited to 1 in (2'-1)

which is sufficiently high.

The data thus recorded on the tape can be
spectral analysed and the dopplef spectrun of the radar
echo can be obtained. Correction can be applied for amplitude
fading, anl the frequency resolution also will be suffciently
high. The block diagram of this digital data processing
system, making use of a PERTEC dual buffer stage along
with a PERTEC Tape transport unit is shown in figure (2.27),
The compatibility of this unit with the IBM 360 enables
the fast analysis of data recorded at a slower rate using

the PERTEC unit,
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CHAPTER ~ III

Blectrostatic field and electrical conductivities

within the equatorial electrojet

3.1 Introduction

3.1.1 Importance of the electric field studies

Measurement of electric field and its variation with
altitude in the electrojet region is of significant impor-
tance in locating the region of generation of these fields
and the mode of transmission from one region to another.

The dynamo theory {Stewart, 1882) attempts to explain the
gereration of electric fields responsible for the currents

in the ilonosphere. The lack of proper knowledge of para-
meters required in the theory makes the picture very quali-
tative, To get a complete picture one requires knowledge of
the world wide wind systems, the distribution of electron
density, and correct knowledge of the conductivity parameters.
The theoretical models, which are basically dependent on
assumed values of the electric fields and average atmospheric
parameters, fail to give a picture which can explain the

major features of the observations.

The electric fields apart from driving the electric
currents are responsible for a variety of phenomena in the
ionosphere. The sporadic-E and the ionisation drifts in
the F~region are manifestations of some such effects., In
addition the role of electric fields in the generation

mechanism of ionisation irregularities has been wall
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established by ground-based and rocket-horne experiments.

The study with rocket-borne Langmuilr probes from Thumba
(Prakash et al. 1969a,b, 1970, 1971, 1972) has shown the
existence of at least five types of ionigation irregularities,
classified according to the instability mechanisms responsible

for their generation,

(i) Streaming irregularities with scale size 1-15
metres generated through two-stream instability
mechanism,

(ii) Irregularities of scale size 1-300 metres, produced
through cross-field instability mechanism,

(iii) Large scale irreqularities obsecrved during night
times with vertical scale sizes of a few kms,
and horizontal scale sizes of the order of about
40 kms. or more, The mechanism of generation of

these irregularities is unknown.

5]
0]

gsizes in the range

{

(iv) Irregularities with scal
30-300 metres produced by some unknown mechanisms.,
{v) Irregularities with scale sizes less than a few
hundred metres observed below about 90 kms.
These are most probably due to neutral turbulerice

and the wind shears.
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The first two types are dependent on the ambient electric
fields, the former one being through the streaming velocity of
electrons and the latter through the orientation and the
strength of the field itself. ‘Th@ characteristic features
of these types of irregularities are discussed in section (1.3.%)

A clear understanding of the mechanisms of generation of

irregularitics, requires a knowledge of the electric fields.

3,1.2 Bstimation of electric ficld

In-situ measurement of electric fields in the lono-
sphere involves great technical difficulties ag the fields
are very small in magnitude, Electric field probes used for
this purpose make use of sensors, mounted on long booms and
project into the ionised medium. Large errors creep in these
measurements because of the inadequate knowledge of the
contact potentials of the sensors and the "VxB" corrections
involved in the analysis. SO far no reported results concer-
ning the in-situ measureﬁent of electric fields in the eqgua-
torial ionosphere exist. Two highly sophisticated rocket-
borne experiments were carried out at Thumba, Trivandrum by
CNRS group {Sartiel and co-workers) for the measurement of
clectric fields during the year 1972, The results of these
experiments are not yet reported, Hence, one has to depend
on indirect estimates of the clectric fields, Onc of the
main objectives of the experiments carried out at the

equatorial station, Thunba (dip latitude o° 4719) India,



during the period 1966~!71‘was to study the nature of varia-
tion of the electric field and the associated conductivity
parameters in the electrojet region, Estimates of the
electric fields were made from in-situ measurements of the

electrojet current density and electron density using rocket-

borne payvloads.

3.2 Observations and Analysig

3.2.1 In-situ measurements of current density

In-situ measurement of electrojet currents using
rocket-borne magnetometers was first suggested by Vestine
and others in 1947, Later, the measurements of currents
were carried by Singer, Maple and Bowen {(1949), Cahill
(1959), Maynard and Cahill (1965), Davies et al., (1967),
Maynard (1967) and others., The results presented here are
important as they are the only available simultaneous measure-

ments of electrojet current density and the electron density.

Proton precession magnetometers were used for the
measurement of total intensity of the magnetic field in
the electrojet region. The current density profile is
estimated from the height profile of the measured magnetic
field (Section 2,2.1). The approximations used in the
conversion of these magnetic field profiles into current
density profiles set a limitation to the accuracy of the
results obtained. Though the height estimations are correct
to a great degree of accuracy, an error of about 10% is

possible in the computed current density values,



66

3.2.2 Rocket measurements of electron density:

Rocket-borne Langmuir probes were used for the measure-
ment of electron density in the E-region over Thumba (Section
2.2.2). Conversion of probe currents into electron density
profiles were done mostly using conversion factors obtained
from ionosonde, but for one of the flights (Nike Apache 10,37)
reported here, it was done using data from an on-board r=so-
nance probe (Prakash et al, 1972)., As the electron density
values are derived from the observed plasma resonances the

accuracy of the estimates arequite high.

The accuracy of the measurements with Langmuir probe
is mainly determined by the accuracy of conversion of probe
current data into electron density values, The disturbance
caused by the rocket in the ambient medium also contri butes:
to the inaccuracy of the estimates, &n overall error of
about 10% is estimated in the computed electron density
values except for Flight 10,37, whér@ the accuracy is much

higher, as pointed out earlier,

3.2.,3 Computation of conductivity parameters

Using the observed values of the electron density
{ne) and the standard reference atmosphere model (CI A 1965),
the conductivity paraneters ¢, ¢4 and ¢, are calculated
using the relations (Section 1.1.2).

V 27 A N A,
ey = Mg | b
(] £ ._,mg \'))—Q__. YY) ?.; :I__)Z‘. B
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The collision frequencies of electrons and ions 2

and l%j respectively are calculated using Chapman's formulae

-10 f
(Section 1.1.2), Dowm = S5-4Xx1o Ne To/L
-9 Y2
Xy = 26 x 10 My (Nc%ﬂQD )
U =2
Vo, = (\5 Ay 41 Qucd (T /rnﬁ)} Mg |

and

3);\)'_ el D),Qﬁ% - :“)’{Q_.Wl,_ Wt = D)Q"; 4 -}“)7_"71

) 2

An assumption that the vertical currents induced in
the electrojet region by the primary field E are inhibited
{Baker and Martin, 1953) leads to a Hall polarisation field

given by the relation, (Section 1.1,2)

= (s2/e) E

Ep
The conductivity of the medium is enhanced by this
polarisation field and the effective conductivity o'y
(Section 1.1.2) is given by the relation,
T o= o+ o2 /oy
The existence of meridional currents in the electrojet
region modifies the polarisation field Ep' and has been
computed by Suguira and Poros {(1968) for a sct of assumed
boundary conditions for the current function, The effective

concuctivity 625 also gets modified. The polarisetion
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field profile thus obtained for an assumed primary field of
2.5 mv/meter is shown in figure (3,1), With In_ wrofile obtained
. -

1 . md (”4“ - . X ol
from the relation B =22 £ for g = 2.5 mv/meter, The

B G
lower scale represents the computed Dlﬁﬂivalues and the upper

scale the polarisation field, The close agreement between
the two results justifies the assumption of inhibition of
meridional currents, the approximation used in the computa-—

tion of G% .

3,.2.4 Estimation of electric ficld profiles

The effective conductivity profile, thus obtained,
along with the observed current density values, is used for
the computation of the electrostatic fields, using the relation
J= 63 . The basic assumptions used in the present cal-
culations are:

(i) The electron density is equal to the positive

ion density and negative ions are absent,

(ii) Ions are assumed to be singly ionised.

(1ii) The ilons are assumed to be of the same kind
with an average mass m,

(iv) The neutral temperature Tg is equal to the
electron and ion temperatures Te and Ti res-
pectively, Effect of joule heating is neglected,

(v) The collision frequencies arc given by the

Chapman’s formulae .
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(vi) A standard atmospheric model is assumed for the
distribution bf neutral particles in the atmos-
phere,

The significance of the present results in relation
to some of the agsumptions made is discussed in section (3.4)
of this chapter.

3.3 Regults

3.3.1 Flight details

Table (3.1) shows a summary of the Langmuir probe
and proton precession magnetometer f£lights from Thumba,
20,05 and 20,07 were daytime flights both containing magneto-
meter and Langmulr probe payloads; while 10,37 and 20,06 were
davtime flights, the foraoer one giving only Langmulr probe
data and the latter one only magnetometer data. The Jlocal

times of the

0]

e flights being nearly same (1040 hrs., IST and
1108 hrs, IST respectively), the data from one set was used
to supplement the data from the other set., Thus for practical
purposes there were three daytime flights. One night time
flight 20,08 which contained both Langmuir probe and
magnetometer payloads, was not used for the present studies
because of the large inaccuracies involved in night time
current density.measurcments. The daytime data has been

used to study the height variations of the electrostatic

field and the associated conductivities,
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Table (3,1)

S1l.No. Flight Date and Time Available results
1. 20,05 7 July 1966 Langmuilr probe and
1345 hrs, 18T magnetometer data
2 20,06 29 Aug, 1968 Only magnetometer data

1108 hrs,tsT

3 20,07 29 ARug, 1968 Langmuilr probe and
1415 hreg, IST magnetomaeter data
4. 20,08 29 Aug, 1968 Langmuilr probe and
2300 hrs, 18T magnetometer data
5, 10, 37 28 Jan, 1971 Only Langmuir probe data

1040 hrs, I3T

3,3.2 Summary of the results

Figures {(3.2), (3.3) and (3,4) show the experimentally
observed electrojet current density and electron density
profiles for the three daytime flights, &Also inserted in
the figures are the computed profilesg of the Cowling

conductivity ¢35 and the 6%%iprofile of figure (3.1).

vFlight 20,05 (fig.3.2) shows the current density
maximum around 106 kmg, and an electron density mazximum
around 107 kms, in the electrojet regilon. COmputed.<5i/6h
has a maximum at about 99 kmg, and 4= at about 103 kms,
The corresponding heights in the case of 20,07 are 107 kms
for J, 115 kmg. for ne and 103 kms. for (73 « These valueg

for 20,06 (complemented by 10,37) arc 105 kms, 109 kms and

102 kms. raespectively, 5&7%71 peak does not show any
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variation in its peak height from flight to flight., It always
remaing below 100 kms, The height of G% peak is consistently
above 100 kms (at’about 103 kms.) in all the flights, The
current density J in all the cases can be seen to peak at a
height above 105 kms, The peak of the ¢y profile depends

on the nature of the electron density profile. & closer exa-

mination of the figures shows the following additional features.,

(1) & decrease in the current density by a factor of
half is not accompanied by equally significant
changes in the electron density or Cowling condu-
ctivity parameters, The fall in the current
density, hence, seems to be due to a fall in the
electrostatic field strength,

{(1ii) The electron density peak in the E-region is seen
to be well above the maximum of the electrojet
current density and the Cowling conductivity.
This feature is relevant to the region of generation
of streaming irregularities,

(1ii) Cowling conductivity {(é reachegs a maximum at a
height wnich is always above the peak of 61[6@ >
The height difference is of the order of a few
kms .

(iv) The electrojet current density reaches a maximum
at a height which is consistently above the peak
of the Cowling conductivity ¢% . The height

difference is of the order of a few kms,
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3.4 Discusgion of results ,

3.4.,1 Regilon of streaming irreqularities:

The electron density peak in the B region observed
consistently above the peaks of current densiﬁy and Cowling
conductivity profiles is of some relevance in the study of
ionisation irregularities that are known to be associated
with the streaming of electrons. When the drift velocity of
electrons with respect to the positive ions, crosses a
threshold, the conditions become favourable for thcﬁdcvelop~
ment of two~stream instability mechanism (Farley 1963,

arley and Balsley 1971}, The irregularitiecs produced Dby
this mechanism classified as Type I from ground-based VHF
scatter radar studies are, therefore, confined to those
regions where the streaming velocity of electrons with

respect to lons exceeds the threshold, The current density

J is related to the drift vclocity'ﬁa and the number density

n of the electrons by the relation

J = nee\ﬂ&‘

It was pointed out in section (3,3.2) that the
electron density continues to show an increase with height
even after the current density has reached its peak value
and is in the decreasing phase, This indicates that the
drift velocity 1 of electrons relative to ions falls off
at a much faster rate than J, above the current dengity
peak, In other words, Uy has its maximum valuc below the

current density peak,
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3.4.2 Nature of Cowling conductivity

The effective Cowling conductivity ¢ 1s glven by the
w7

relation
< - P i r\j’m/: \ Fon
O 3, el Oy 4 B
ﬁ&)

The first term <7, , on the right hand side of the
. X . . , . 43
above relation is less by a factor of the order of 107 than
the sccond term in the region near the Cowling conductivity

peak and Thence the above relation can be approximated to

- (5
0 v 62(“};{“) .

.

The ratio 52/63 to a first approximation is independent

of the ambient electron density and has a peak below 100 lms.
The variations with altitude in ng has an o, depcendence
through ¢ 2 the Hall conductivity., &As can be seen from

the equation (1.6, Section 1.1.2) <5 has an explicit
dependence on the electron density and, therefore, the peak

of ¢ profile varies with shift in the peak of the n, profile,
In general, GZ maximum is at a higher altitude than the 6}/63
maximum, The increase in ¢ with n, above the maximum of $2/G)
lifts the poak of oy to a level above the maximum of Gl/gh,

= 1

The role of celligicon porancters o na s in khe

clectrice £
voriation with height of 67 will e Jiscussod in tno next
secoticn which deals with the electrostatic fields in the

electrojet region.
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3.,4.,3 Electrostatic ficlds within the clectroijet

Though the position of the el@ctrojet current density
peak has been found to be Aifferent on different occasions,
it has been consistently found to be above the Cowling
conductivity peak, the height difference being & few kms,

This may be duec to one or more of the following reasons:

(1) The computed <, and ¢, are unrealistic
{(ii) There exists a vertical gradient in the primary

electric field, in the electrojet region.

The computed Cowling conductivity profile, i1f deviates
considerably from the actual conductivity profile in the
electrojet region, can cause such a heilght discrepancy in
the computed conductivity and measured current density
profiles. Such a deviation can be expected to be due to
inadequacies in the neutral atmospheric model used or in the
theoretical formulae used in the computation of collision
frequencies, Instead of Chapman's formulae used here for
collision frequencies, when the modified Bank's formulae were
used, the ¢ profiles camedown by a few kms. thereby
increasing the height difference between the current density
and the conductivity profiles, In this context it is
interesting to note that Thrane and Piggot (1966) found
that the electron collisicn frequencies calculated from
their radio fregquency experiments diffor very much from

the values computed for the standard atmosphere at height



apbove 90 kms, The experimental values are large: than the
computed values by a factor which is close to unity at 100
kms., is 3 at 110 kme. and reaches a value of 10 at 130 L1,
; _ S - N : - LT e T - N . { { 6
In the height region of about 105 kms., ( g v 7.04 x 107,
4 . 2 4 3
Ve v 4 x 107, wyw 1,28 x 10° and Yy v 4,34 x 107)
considering the relative magnitude of the gyro-freguency and
collision parameters, the expressions for Caq and &y  can

be approximated to

‘ 2 Ve S
; . IS aP . ", . :
Gy = T L Mg (wg? T WU and
e b - )
o “ .
o R —
O oz v g L \ oy

I.s can be seccn from these relations, an increase in 2

fos]

will increasec the Pedersen conductivity 63’, while the Hall

conductivity %2 remains more or less unaffected. 54 detailed
computation of these parameters has shown that even a large

inérease in cdllision frequencies as reported by Thrane and

Piggot, could not 1lift the Cowling conductivity profile,

by a fow kms., and makc its peak coincide with the current

density peak,

Iis pointed out ecarlier, the collision frequencics
used here were mlculated for a standard model atmosphere
(CIFI. 1965) with the assumption that Te = Ti = Tg where Te
is the eclectron temperature, Ti the lon temperature and Tg
the neutral temperature, In actual case the presence of an
external electric field will raise the kinetic temperature

of both electrons and ions through joule heating:; the



76

electrons being heated more than the ions. Rocket obser-
vations (Prakash et al, 1967) using Langmuir probe payloads,
gave higher electron temperatures than that given by the
CIRZI. model for neutral particles. The reliability of these
measurements, however, is not well established. Such an
increase in the kinetic temperature will reflect in the
collision freguencies. The electron neutral collision
freguency which is proportibnal to the square root of the
kinetic temperature will show an increase (Section 1,1.2),
Ls has already been discussed, such an increase in the
electron :.cofllision frequency cannot lift the Cowling
conductivity profile upwards by a few kms., It must also

be noted heré that if these height discrepancies are to be
attributed to inadequacies in the atmospheric models used
drastic changes in these models will be nccessary to lift
the conductivity profile upwards by a few kms, and make

its peak coincide with the current density profile.
J8

Thus one cén rule out the first possibility of the
conductivity parameters being unrealistic, in explaining
the height differences in the peaks of the conductivity
and the current density, ﬁnless there exist drastic diffe-
rence in the atmospheric model used. Hence, a more
straightforward explanation for the observed height
discrepancy can be that the horizontal electrostatic field

is varying with altitude, If the primary eastward electric
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field increases with altitude in the electrojet region, the
electrojet current density can peak at a greater height
than the Cowling conductiﬁity& The values of the electro-
static field for the different flights, calculated from the
eguation J = G%Ei as discussed carlier, are given in

fig. (3.5).

From the figure it can be seen that the electric
field tends to increasc steadily with altitude in the
clectrojet region for all the flights except for 20,05,

For 20,05 the electric field exhibits a tendency towards

a maximum at about 110 kms. Sastry {1970) finds thot the
results of 20,05 were exceptional in other respects also,

The electric field value ranges from about 0.3 mv/m at about
90 kms. to about 1.4 mv/m at about 115 kms. The electric
ficlds in the region of meximum currents ranges from 0.4 mv,/m
to 0,9 mv/m. The electric field valuc of 2.5 mv,/m assumed
by Suguira and Cain {(1966) and Suguira and Poros (1969) in
their electrojet models, ig much higher than the present
values by a factor ranging from 3 to 8. The electric field

value of 2.5 mv/m seens to be very unrealistic,

The primary £icld thus being a parameter varying
with altitude in the electrojet region, the Hall polari-
sation field will no longer have a height profile similar
to that of 6}/5&@5 expected from equation (1.16 - Section
1.1.2). Equation (1.16) is used to compute the height
profiles of the Hall polarisation field from the primary

fields computed earlier for the different flights.
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Fig, (3.6} shows thc height variation of the Hall polari-

gsation field,

The Hall polarisation ficld has an important role,
in the generation mechanisms of idlrregularities, v critical
study of the variations in Ep in relation to the variations
in the electron density and its gradients is necessary for
underetanding the crogssfield instabililty mechanism and thc
influcnce of the electron strecaming on modifying the scale

gizes of the irregularities produced by this mechanism,

3.5 Conclusions

The observations and results presented here lead to
the following conclusions:
(1) In the clectrojet region of the ionosphere, the

Cowling conductivity has a maximum at about 103 kms, and is
Y

@

always below the electron density peak, It is secen consi-

stently above the maximum of di/ﬂ? which is below 100 kms,

(2) The electrojet current daongity reaches its
maximum at a height which is a few kms. above the maximum
of the east-west conductivity, Thig is, most likely, due to
an increase in the valuc of the primary east-west electric

field, with increage in altitude,

1~

Inadeqracies in the neutral atmospheric model, Or
in the assumptions involved in the evaluation of collision
frequencies, and its varietion with joule heating are not

likely to explain the height differences in the conductivity

and current density peaks.
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(3)  The magnitude of the electric fields obtained
by the present studies show that the value assumed by
Suguira and Cain, and Suguira Qnd Poros in their electrojet
model is far from realistic; being more by a factor ranging
from 3 to 8,

() The drift velocities of clectrons reach a maximum
at the current density peak and shows a decrease with increase

in height,



CHAPTER - IV

Blectric fields in the E-region during Morning

and Evening hours

4,1 Introduction

S

+1.1 Objectives of present study

The nature of the electric fields in the E-region during
the morning and evening hours, close to the electrojet reversal
periods, form an important aspect of the investigation of the
sources of these fields and thelr transmission from place to
places The electrojet currents being weak during these periods
the normal method of studying the currents and the associated
electric fields, through an analysi%jof ground level goemagnetic
field variations, or from the conventional ionogram traces

fromfthc E~region, does not vyield conclusive results, The

basic assumption of a dynamo field, that does not vary with

o)

vltitude or time of the day, used in all the existing electro-

jet models is not supported by experimental results and, hence,
is questionable. These models, therefore, are incapable of
giving any quantitative pilcture of the current system which
can be used for the electric field studies. Another drawback
of these models (Suguira andaCain 1966, Suguira and Poros

1969) is the large unrealistic field value assumed in the

determination of the current contours. A proper understanding

of these fields, as

=

egards thelr origin and distribution,
requires a complete knowledge of their variation with time
and height., The knowledge of these fields during the morning

and evening hours, hence, has special significance.




Back scatter radar observations made from Thumba
(dip latitude o° 471'g) during the morning and evening hours,
for an year (1973-74) are uscd to estimate the generul nature
of the electric fields and their variation with altitude

during the eclectrojet reversal periods.

4,1.2 Electric fields from drift velocities

The clectrojet current density J is related to the

electron density n_ and the drift velocity tkfof the electrons

with respect to the ions by the relation,

J

i

n, e Ve

where e is the electronic charge, If E is the primary electric
field driving the electrojet currents and 6?5 is the effective
Cowling conductivity of the medium {(Ref., Chapter I), then

the electrojet current density J is given by the relation,

From these two relationg one can write B in terms of the

drift velocity 13} of electrons as

A

This shows a linear relation between E and %y since
d
the term inside the bracket is independent of ng because

of the explicit dependence ofcﬁé on n_ (Bquations 1.05,

e

1,06 and 1.20, Scction 1.,1.2) to a first approximation,
¢ gt

The constant of proportional is different at different

altitudes,
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hs discussed in section {2.3), the drift velocity of
electrons are obtained from a studf of the radar echoes.
The echo contains informations regarding the variations in
amplitude of the lonisation irregularities, in the scattering
volume, as variations in the amplitude of the echo; and regar-
ding the motion of these irregularities as a change in its
spectral characteristics. The phase velocity of the irregu-
larities obtained from the spectra, are related to the drift
velocity of electrons., The nature of the relation is different
for different types of irregularities and depends on the operative
instability mechanism, Knowing the drift velocity of the
electrons, one can estimate the electric fields driving the

currents.

4.1.,3 Height variation of the electric field

The regioﬁ of generation of irregularities depends on
the amblent physical parameters and the instability mechanism
responsible for the generation of these irregularities. For
example, a region where the drift velocity of electronsvexceed
the ion acoustic velocity, the two-stream instability mechanism
is favoured; while.a region, where the electron density
gradients are high, and theré exiét electric fields in the
direction of these gradients is favourable for the develop-
ment of crossfield instability mechanism. Both these mccha-—
nisms beirg controlled by the electric fields, a study of
the height variation of the region of generation of the

ionisation irregularities will show the nature of variation of
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these fields with altitude. The back scatter echo peak
corresponds to the height region containing drregularities
of maximum amplitude. Informations regarding the variation
with altitude of the electric fields can be obtain@d from a
study of the time variation in the peak of the radar ccho,
Though a change in the distribution of electron density gra-
dients with time can cause a shift in the radar echo peak,

this effect can be neglected, in case when the variation in

the electron distribution are slow compared with the period
over which the echo peak shows a considerable shift in alti-
tude,

These observations were carried out during both morning
and evening hours close to the electrojet current reversals
to study the nature of height variation of the primary electric

fields,

‘4@2 Observations and regults

4,2.1 Morning hours

The doppler spectra of the back scatter radar cchoes
were observed during morning and cvening hours, on a number
of days. The transmitting and receiving antennas had their
. , . ' o)
beams looking at the electrojet region, at an angle of 30
with the vertical, towards the west. Figure (4.1) represents
the typical nature of the spectra, The spectral curves are
arranged in a time sequence, starting from an ecarly morning

hour, The time at which a particular spectrum is taken
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is indicated on the left side of the spectrum, and the

relative attenuation in the amplitude is indicated by the

[

nunber on the right side of the spectrum, For example, a

-

spectrum with an attenuation 77 shows that spectrum has an

amplitude which is actually 4 times the amplitude shown in
¥ Y -

6]

1 ol B . L | o ) a3 — -
the diagram, The one with no attenuation (27) is taken a
the reference spectrum,

The amplitude of a spectrum 1s a measure of the mean

square fluctuations in theamplitude of the electron density
irregularities of scale sgize about 3 meters. The electrojec
currents being comparatively weak during the morning hours,
the amplitudes of the irregularities are small and results
in a low signal to noise ratio during these periods, Though
the study of radar echoes was carried out on a number of
days, useful data was obtained only on a few occasions.

The main features of the doppler spectra observed during
morning hours at times close to the electrojot reversal are

the following:

(1) On an average before reversal, there exists a narrow

peak in the positive sgide of the dopnler spectrum corres-—

the prescence of irregularities with phase velocitics near
the ion acoustic velocity, Near reversal the amplitude of
the speetrun decreases with time though considorabie cheng..

in the peak doppler shift is not associated with thesc

decreascs,
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The characteristics of the spectra observed before
the reversal show that they are produced by type I irregu-
larities {(Section 1.3.2). This shows that the electrons
are strecaming in the eastward direction with velocities

exceeding the ion acoustic velocity.

(2) The transition or the reversal period is characterised
by a complete absence of the radar echo.

(3) The discrepancies of the radar echo during the
transition period is followed by the usual daytime spectra
characterised by negative doppler shifts. These spectra

are in general broad and show the characteristics of spectra
produced by the type II irregularitier {(Section 1.3.2);
being generated by the crossfield instability mechanism,

The doppler shift in the spectra correspond to drift velo-

cities much less than the lon acoustic velocity,

These changes in the spectral characteristics are
associlated with changes in the average height of the scattering
volume which contains the ionisation irregularities responsible
for the echo, A time variation in the peak of the radar

echo which represents the scattering volume containing
irregularities of maximum amplitude 1s measured in terms

of the variation in the time delay from the transmitted

pulse. This, then, represents a height 1ift in this

regilon,
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The shifts in the altitude corresponding to the echo
peak, were observed for & few days., The dots in figure (4,.2)
indicate the average altitudes of the echo peaks and the
vertical bars indicate the scatter of individual obgervations
about the average altitude. It can be seen from the figure
that the altitude of maximum echo moves higher ag the
reversal period is approached either from the pre-reversal
side or the post-reversal side. This indicates that there
ig an upward shift in the region of generation of irregu-
larities as the reversal period is approached, In other
words, these regions are higher during times c lose to the

reversal p.riod, than before or aftcr the reversal period.

4.2.2 EBvening hours

Observations of the radar echocs and thelr spectral
variations werce made starting from & few hours before the
evening reversal till a few hours after the reversal in a
similar way as in the morning hourS; Figure (4,3) represents

typical spectra observed during these periods.

In gencral, the following features can be observed

in the time secuence of the spectra:

(1) The spectra gencrally are broad and indicate the
presence of irregularitices moving with low drift velocitics
of the order of few tens of meters in the east-west direction

before the reversal, The peak of the doppler shift shows a
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decrease with time as the reversal period is approached
assoclated with a decrease in amplitude., These show the
characteristic features of type II spectra generated through

crossfield instability mechanism,

(2) The reversal period, like the morning transition
period, is characterised by a complete disappearance of the

echo,

(3) The spectra observed after the reversal also are broad
and show type II characteristics. The positive doppler shift

indicates that the irregularities move from west to east,

{4) The amplitude and peak doppler shift of the spectra
show an occasional increase and then resumes the decreasing

trend before it vanishes during the evening reversal,

The drift in the region of generation of irregu-
larities of maximum amplitude, as indicated by a shift in
height of the eccho peak, associated with the spectral varia-

tions during the evening hours, is shown in figure (4.4),

The average height variation of the radar ccho peak
for a few evening observations is shown in the Figure by a
smooth curve., The dots indicate the average values of the
altitude observations and the vertical bars indicate the

scatter of individual observations about the mean .
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'Generally there exists an upward shift in the peak
of the echo, as the reversal period is approached either
from the pre-reversal side or the post-reversal side. The
region of generation of irregﬁlarities are, thercfore, higher
during periods close to the reversal, than during periods

much before and after the reversal,

4,3 Discussion of results

B comparative study of the morning and evening spectral
variations and the associated time variations in the region
of generation of irregularities of maximum amplitude, reveal
the nature of the electfic fields existing during these
periods and the instability mechanisms responsible f£oir the
generation of ionisation irregularities in the electrojct

during these periods.

4,3,1 Morning and evening electric fields

The type I spectra observed before the reversal during
the morning hours arc caused by irrcegularities generated by
the two-stream instability mechanism., This indicates high
drift velocity of the electrons, excecding the ion acoustic
velocity. The existence of such large velocities during
these periods, must be due to large electric fields pre-
vailing in the electrojet region. These large clectric
fields are confined to periods before the reversal., The
type I spectra obscrved during ﬁhese periods, in gencral,

vanish without showing tvpe IT spectra during its decay
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phase., This is an indica tion of the absence of sufficiently
strong downward gradients in clectron density required for the
generation of type II irregularitics through the cross-field
instability mechanism. Type 1T spectra become dominant after
the reversal indicating irregularities moving with phase velo-
cities of the order of few tens of meters. The electron drift
velocity is close to the phase velocity of type II irregu-
laritics {(Balsley 1967). Hence, the low phase velocity of
type II irregularitics observed during the post-reversal
period indicates comparatively lower electric fields during

these periods.

The spectra observed during the evening hours before
and after the electrojet reversal have typical characteristics
of type II gpectra as pointed out carlier. The low drif
velocity of electrons, as indicated by the spectra show the
magnitude of the electric fields existing during these
periods, 4 decrease in the drift velocity of electrons as
the reversal period. is approached and an occasional increase
observed in it just before the reversal show that the electric

fields before the evening reversal are comparatively stronger,

Thus the time variations in the echo amplitude and

the spectral features during thhe morning and cevening hours

0]

show the existence of comparatively larger electric fielde
before the reversal of the electrojet currents, both during
morning and evening hours, In this context, it will be

worthwhile to quote the results obtained by Belsley from
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back scatter studies at Jicamarca, Peru, during the period
1967~70, Pigures {4.,5) and (4.6) show the average variation
of the drift velocity of c¢lectrons from 08 hrs, to 08 hrs.

the next day, computed from the results of Balsley (ULG Report
1971) for a few days., The cxistence of comparatively high
drift velocities of electrons from west to east during the
morning pre-reversal periods, and from cast to west during

the evening pre-reversal periods, can be seen in the

figures,

4,3,2 Vertical shift in the region of the electric fields

The region of generation of type I irregularities
being mainly controlled by the drift velocity of «lectrons
with respect to the ions in the region, which in turn depends
on the electric fields and the conductivity parameters, 1s an
indication of the region of electric fieldsé In the case of
type IT spectra produced by non-two-stream irregularities
electric fields have an equally important role, Crossficld
instability mechanism, shown to be a source of irregularities
of scale sizes in the range 1-300 meters in the electrojet
region (Prakash et al, 1971, 1972) confined to regions where
the electron density gradients and the electric fields are
in the same direction, The amplitude of these lrregu-
larities ig dependent on the magnitude of clectric fields

and the electron density gradients.
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Considering the altitude variation of the echo peak
during the morning hours, an upward shift in the echo peak
as the reversal pcriod is approached, eith@r from the pre-
reversal or the post-reversal side, indicates a corres-
ponding shift in the region of the electric fields. In the
cage of type I irregularities observed before the reversal,
such a peak shift can be directly attributed to a shift in
the region of electric field, while in the case of type II
irregularities observed after the reversal a peak shift in
the echo can bce due to either a shift in the electron density
gradients, or in the regicn of electric fields or in both,
The phenomenon baing assoclated with only a short time duration
and the observed shift in the altitude being about 4 to 5 kms,
the possibility of a shift in the regions of clectron density
gradients can be ruled out. A higher altitude of the region

f generation of irrcgularitics at times close to the electro-

o

jet reversal during the morning hourg can, therefore, be taken
to be an indication of the region of electric fields being at

higher altitudes during this period,

L similar phenomenon is associated wth evening hours,
closce to the eclectrojet reversal., The type II irregularitics ;
obs ed are asgsoclated with higher regions of generation,

during the poeriods close to the reversal, This is indicated

by an upward drift in the ccho peak, as the reversal period
is apoproached, The shift in the peak being a fast occurring

phenomenon, can be attributed to a shift in the region of
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the electric fields, rather than a shift in the region of
maximun electron density gradients., Toe clectric fields,
hence, seem to be confined to higher alfitudcs during periods

close to the reversal of currents,

Similar featurcs regarding the upward shift of the
region of electric fields observed during morning and evening
hours associated with the reversal of electrojet currents
indicate thet the sources of orivary electrostotic ficlds are
at higher altitudes or transmitted to the equatorial E-region
through higher altitudes. These ficlds drive the electrojet
currents., The absence of radar echoes during the clectrojct
reversal for a period of about half an hour, prevents one
from knowing the exact nature of the fields during these
periocds.

The errors involved in the estimate of the drift
velocities of clectrons from the spectra, in the present
case, especially during pcriéds of low drift velocities and
in the ecstimate of the height shift in the echo peak during
the weak echo periods considered here, put a limit to the
accuracy of the quantitative estimates that can be made,
Therefore, the results are discussed only qualitatively.

The observational errors are eliminated to a large extent
by taking the average parameters for a number of days

selaected at random.,
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Conclusions

(1) The electric ficlds in the electrojet region
are comparatively stronger before the reversal periods
of the electrojet currents both during morning and evening

hours,

(2) The region of the electric fields are higher
in altitude, at times close to the reversal of the currents
during morning and evening hours. This indicates the
possible existence of eclectric field sources at higher altitudes

or conveyed through higher altitudes to the equatorial E-~region.



CHAPTER -V

Lonisation Irregularitics in the Counter electrojet

5.1 Introduction

5.1.1 Counter electrojet

Time variations in the geomaguetic field parameters
at the ground level are mainly due to the ionospheric and
magnetospheric currents., The average pattern of the diurnal
variation of the H component of the geomagnetic field on

quiet days at equator shows an increase starting at about

06 hrs, (L.T.), a maximum at about 11 hrs. and a decrcase to
zero loevel by about 17 hrs., which continues till about 06 hrs.
next day (Chapman and Baretls, 1940), However, a study of

the day-to-day variations in H, indicated the existence of
days, when the behaviour of the geomagnetic field component

H, showed large departures from the normal one, In particular,
a negative effect, viz., drop of the H values below the night
time level was observed on certain days (Gouin, 1962). Gouin

and Mayaud {1967, 1969) named the phenomenon as counter

®

electrojet, examined its global extent, and concluded that
it arose from reverse E-region currents having return-paths
at mid latitudes.

A complete disappearance of the g-type of sporadic E
(Esq) during counter electrojet periods was reported by
Cohen et al, (1962) from a study of the ionogram traces,
Bsqg has been shown to be associated with the ionisation

irregularities in E-region and its disappearance during the
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the counter electrojet periods, hence, indicates the
disappearance of ionisation irregularities, as shown by

the ionogram traces,

The Esg observed in th»'ionogrmns correspond to
irreqularities of scale sizes ranging from a few meters to
a few hundred meters. As the generation of these irregu-
larities i3 controlled by the ambient physical parameters
like electric fields, and the electron density gradients,
the reversal in the normal current flow, during counter ele-
ctrojet periods can cause drastic changes in the generation
of these irregularities. Generation of irregularities of scale
sizes in the range of 1-300 meters by the crossfield instability
mechanism has been well established by in-situ measurements
of the electron density fluctuations using rocket-borme Lang-
muir probes (Prakash et al. 1971 a, b). Irregularities of
scale sizes in this range afe generated by the crossfield
instability mechanism in height regions where the gradients
in electron density are in the same direction as the ambient
electric fields. During day time,‘as the Hall polarisation
field is uwpwards, these irregularities are observed at those
height regions where the electron density gradients are upwards.
During night time as the Hall polarisation field is generally
downwarls, these irregularities are observed at regions where
the electron density gradients are downwards. During counter
electrojet periods, the reversal of currents during day time,

indicates the oresence of downward Hall polarisation fieclds.
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The generation of ionisation irregularities by crossfield
instability mechanism will then be confined to those height
regions {if they exist) where the electron density gradients
ar e downwards., Thus a compléte disappearance of the Esg
traces in the ilonograms, as reported by Cohen (1962), can be
either attributed to the abéénce of sufficiently strong
electric fields or to the abseunce of downward gradients in
the electron density. Using the spaced receiver technique
Rastogi et al, (1971) showed that during counter electrojet
periods, the east-west drifts of electrons in the E-region
get reversed, indicating that the westward electric fields
can be sufficiently strong. Hence, the disappearance of

Esq traces in the ilonograms can be attributed to the absence

of downward gradients in the electron density.

5.1.2 Present studies

The present studies show that irregularities of scale
size about 3 meters, with low amplitudes, can exist during
the counter electrojet periods, ©Such irregularities, though
weak in amplitude, were observed on a few occasilons during
the radar studies. These echoes, are of significant impor-
tance as regards the instability mechanisms operating during
the counter electrojet periods. A detailed study of the
time variations of these echoes, along with the variations
in the geomagnetic H component were made with the following

objectives:
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(1) To study thenature of the irregularities during
the counter electrojet periods,
(2) To know thecriteria behind the generation of

irregularitiecs during counter electrojet periods.

5,2 Observations and results

5.2.1 Radar echoes during counter electrojet periods

Though observationg of the radar echo have been made

u

on a number of counter electrojet days, on most of these
occasions, the ccho was secen to be absent during the counter
electrojet periods. On a few occasions, weak echoes were

observed during these perlods and such results are presented

here,

Information regarding the existence of counter ele-
ctrojet currents on a particular day was obtained from a
study of the variations in the H component of the geomagnetic
field at the ground level. The H values at an equatorial

station and at a statiocn outside the influence of the electrojet

j]

for this purposc. HT and HA represent these

currents are used
values for Thumba and Alibag respectively. The computation
of A HT and ﬂL(HT - HA> ig discussed in detail in scction
(6,2), 1In general, as pointed out oarlier,‘thé counter
electrojet period is characterised by a decrcase in both

A HT and [ﬁ (HT - HA} below their night time base levels.

But on a few days it was obscrved that though ﬁl(HT - Hh>

showed a considerable decrecase below the base level &'HT
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did not become negative during the counter electrojet period:
but showed only a decrease in its value during the period.
The significancce of these observations will be discussed
later in section (5,3,1). Those days when [\ (Hp - HA) shows
a decrecase below the base level with \ Ho, showing at least

a decrcase associated with it and when 5 vanishes during some
stage of this depression in é,HT are taken to be counter

electrojet days.

Figure (5,1) shows the variation of the amplitudes of
the radar echo on a typical counter electrojet day. In this
figure A:Hp, and {§(HT - HA) values are also plotted along with
S for comparison. The radar echo starts decreasing with a
decrease in the day time values of O Hp and L&(HT - HA>°
With further decrease in the above parameters the echo vanishes
and continues to be abhse nt during the counter electrojet period.
Though ZJ(HT - HA> and zﬁHT parameters arc used to know whether
counter electrojet exists on a day or not, once the presence is
confirmed, the S parameter is made use of in determining the
duration of the counter electrojet. This eliminates the
errors involved in taking the average Sq variations at Alibag,
and correcting the computed A (Hy - Hp) values in order to

obtain a parameter which will represent theaelectrojet

el

currents. S as an index of the electrojet currents is
discussed in detail in Chapter VI of this thesis. The time

at which the echo vanishes indicates approximately the onset



08 "Sid

L8 “SUH

FRNYD Ot

7

g ememe
"EL81-4-02 3ava | | RV -
VEWAHL | ,

i

-
‘%.




BEO'S Oid

CATSTE CSuH 3L
. < . e}

¥

e

0 = by

O= ¥HT —~ L4V

£
i
w Z

&
“ELGI -8~ Jiva B TTY

IWnHL YHY - iKY

£

CAQOLITANY TAUY TR §



92O i

'St 'SHH IWIL

&t £ B . =

YYD OF M

"ZLEI-OI-Z1 Fiv0
YENNHL

 —

JIYY, S
VHY = LHT ——-—

JONUIINY FAUYIIY 5 e



99

of the reversal in currents in the electrojet region, The
value of [\ G%?"'HA) corresponding to this time is taken

to be the reference value. The time at which the é}’ﬂ%ﬁu HA)
value rises again to the initial reference level, is assumed
to be the end of the counter electrojet period. A HC max
indicates the difference between the minimum A &%1« Hh)
attained during the counter eclectrojet period and the refe-
rence AX(HT - HA> value corresponding to the onset of the
counter electrojet. This is a measure of the strength of the

counter electrojet currents.

There were a few days when the radar echo was pregsent
during the counter electrojet period, Figures {5.2a) and
(5.2b) show the variations in the radar echo, /\ HT and
A\ (H, - H, ) for two such days. On both these days, the
day time reversal in the electrojet currents had occurred during
the afternoon hours. The line drawn parallel to the X axis
indicates the zero level for Zl»ﬁ%.w HA)° The echo vanishes
before /\ (HT - H&? becomes zero and continues to be absent
for a long time till A (Hy - HA> becomes sufficiently large
in the negative direction. Theecho 8, then, starts again
and as /\ (Hp - H,) approaches the zero value, $ also decreases
and reduces to zero before )\ G@F - EA) reduces to zero. Table
(5.1) shows the list of days when radar echoes were not observed
during the counter electrojet periods and the table (5.2) shows

the list of days when the echoes were present during these

periods,
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Table 5,1

Reversal period

Occurrence period

start end of radar echo A HC max
. start end
8.1.72 4 0620 1010 29
21.1.72 22 0610 0735
18.2.,72 12 very waak
27.6.,72 17 1335 1600 19
5.7.72 3 very weak
T.7.72 10 1620 1845 13
11.7.72 1510 1715 13
20.7.72 0530 0750 10
1555 1755 12
217,72 3 1440 1635 7
12.8,72 7 1505 1635 8
16,8.,72 21 1515 1640 10
6.9.72 10 1340 1505 16
14.12.72 9 1440 1725 9
6,1.73 20 1600 1655 7
19,1.73 10 1340 1500 10
8.2,73 25 1425 1630 23
1,3.73 22 1340 1520 5
8.3.73 7 very weak
Table 5.2
Date £p Reversal period Occur;ence period A H
start end of radar echo C max
start end
14.8,72 9 1505 1730 1520 1710 20
12.9,72 1200 1455 1315 1450 15
12.10,72 6 1305 1600 1310 1600 32
1.12.72 6 1000 1415 1250 1410 42
22.5.73 20 0605 0905 - 0750 15
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Llso inserted in the table are N H the &£ip index, the

C max,
times of onset and vanishing of the counter electrojet and

the puriod of occurrence of the radar echo,

5.2.2 Occurrence periods of counter electrojet

Radar studies of the occurrence periods of counter
electrojet confirm the results of Gouin and Mayaud {1967,
1969) and Rastogi et al. (1971) and show that the morning
hours and the late afternoon hours are most favourable for
the occurrence of counter electrojet. When a comparative
study of the morning and evening occurrences was made, the
evening occurrences were secn to be more in number than the
morning occurrences, Out of the total 23 counter clectrojet
observations made by the radar during the peri od January 1972
to May 1973, 4 days showed only morning time occurrences, 18
days showed only evening time occurrences and the remaining
one day showed both morning and evening time occurrences.
Out of thec 23 days of obscrvations, back scatter echoes,
though weak, were observed only on 5 days and 4 of these
observations were confined to the counter electrojets occu-

rring late in the afternoon hours and once teo the morning hours,

When a comparative study of the number of counter
electrojet occurrences with the solar Lp index is made,
quite days were found to be more favourable for the occu-
rrences of counter electrojet. Out of the 23 occurrences,

10 were on quiet days &p £ 8) 6 were on moderately disturbed
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days (8 hp<£ 15) and the remaining 7 days were on rather
highly disturbed days,. Those days where. a number of reversals

occur during the day time were excluded from the present studies

due to the complexity of the phenomecnon involved,

5.2:3 Summary of resultg

. close examination of the figures {5,2a) and (b)
and the tables (5.1) and (5.2) shows the following main
features asscclated with the generation of ionisation irregu-

larities during the counter electrojet periods.

There exist days when the counter electrojet period

is characterised by a reversal in only /\ (H, - HZ) but not
Y

A Hepo ﬁ;HT on such days shows only a depression during

the counter electrojet period,

(1) The radar echo is observed only aftcer the reversed
currents have become sufficiently strong ond sufficient time
has lapsed after the onget of the reversal,

(2) The echo continues for a longer period during
the decay phase of the counter electrojet than during its
development phase, In other words, equally strong currents
during the development and decay phascs of the electrojet,
do not correspond to equally strong radar echoes; the echo
during the Jecay phase, in general, being stronger. & shift
in the occurrence period of the echo towards the end of the

occurrence period of the counter electrojet 1s observed.
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(3) The number of occurrcnces of counter electrojet

is seen to be more on guiet days than on disturbed days,

5.3 Discussion of results.

5.3.1 Existence of currents above the electrojet region
{

The disappearance of the radar echo, wheryA(HT - HA}
decrecases below its night time base value, associated with a
decrease in [}HT is an indication of the current flow being
reversed in the electrojet region., On days when the radar
echo appears during the counter electrojet period, it is
characterised by the property that a decrease in ﬁL(HT - HA)
during the period, shows an increase in the echo strength,
confirming the existence of reversed currents in the electrojet
region, But a positive (Q,HT during this period, observed on
a few days, shows the presence of currents above the electro-
jet region, which are not reversed, These currents contribuce
to a positive a*HT' Evidence for the existence of such
currents which are uncorrelated with the electrojet region
has been obtained from a comparative study of the variestions
in the radar echo amplitude and AN Ho, {(Section 6.3.3).

But the poor conductivity of the medium above the electrojet
region, as computed using the available formulae, and the
published atmogphere models remains a barrier, in explaining

the existence of such currents.
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5.3.2 Generation mechanisms of irrveqularities in the

counter electrojet

Rocket—borne experiments for the measurement of
electron density and its 5patial fluctuations using Langmuir
probes (Prakash ot al, 1971) have shown that crossficld
instability mechanism is resnonsible for the generation of
ionisation irregularities of scale sizes in the range 1-300
meters. These are responsible for the Esq observed in the
equatorial ionograms (non-blanketing or transparent type of
Es). The observations show that these irregularities are
gencrated in the regions of upward gradicnts in electron
density during day time when the Hall polarisation ficlds arc
upwards and in the region of downward gradients during night
time when the Hall polarisation fields are downwards. The
direction of fields during counter clectrojet periods is
similar to that of the ficlds during night times, Hence,
downward gradicnts are necessary to generate irregularitics
by the crossfield instability mechanism during counter
electrojet periods,

One of the rocket £lights from Thumba at 1532 hrs.
on 17th Lwugust 1972, a counter celectrojet day, measurcd the
electron density ond its spotial fluctuations. Irregula-
ritiecs gencrated throuagh crossficld instability mechanism
were observoed in a rogion of downward clectron density

gradients, confirming the exictence of a downward Hall
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polarisation field in the electrojet regicn. These
vations by Prakash et al, (1974) establish the possibility
of generation of clectron density irregulérities of few metre
scale sizes, during counter electrojet poeriods, in support
of the present radar observations.

The reversed. electric
fields if strong enough can generate downward gradients in

electron density, necessary for the generation of type IT
irregularities.

The initial phase of the counter clectrojet is

associated with a downward drift of plasma because of the

reversed Hall polarisation fields,

2}

¢

Lis the plasma is transported
downwards, the ions with larger recombination coefficients
are lost. :

This causes an accumulation of metallic ilons with
smaller rocombination coefficient

and
of an ionisation layer.

results

s in the formation
The formation of such a layer having
downward gradients in electron dencity will depend on the

magnitude of the electric field and its duration.

b}

Hence,
during the initial phase of the counter clectrojet, there

aAln

will be no downward gradients in the electron density.
a certai

interval of time,

hfterx
when the reversed currents become
stronger, such downward gradients develop. Once the layer
is formed a smaller field will be sufficient to maintain it.
I.s the amplitude of the irregularities generated is dependcnt
on the ma
echoes

will be observed with

a
of tha

magnitude of the electron density gradicnts the radar

time delay,

between the onsct
counter clectrojet and the appearance of the echo.
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Since, as pointed out earlicer, a smaller ficld is
sufficient to maintain the gradients in electron density
in the newly formed layer during the decay phasce of the

.

counter electrojet, negative gradients in clectron density
will continue to coxist for a long time, This results in the
continued existence of the radar echo for a longer time

during the decay phase of the counter electrojet, than during
the development phase. Equal clectric fields during the
development and decay phases of the counter electrojet, do

not give rise to equal amplitudes of the radar cchoes, since
the conditions during the decay phase are more favourable for
the generation of irregularities by the crossfield instability

mechanism,

Studiecs of ionogram traces on a counter electrojet
dav, show the development of strongly blanketing type of Es,
sometimes causing a number of multiple reflections in the
ionogyram traces; with ¢ fb Es becoming as large as 7 to 8 Mz,
But on such occasicns when it is very strong, there cxists
a frecuency beyond which the Es becomes transparent. Thc
existence of both blanketing ond non-blanketing {or trans-—
par@n£ ) typce of Eg, during the £light period (1532 hrs.) on
the counter clectrojet day (17th Lugust, 1972) has been
reported by Prakash ct al, (1974)., Part of the observed Es

was non-blanketing above about 7 Miz; indicating iy, prescnce

of small scale irregularitics during thesce periods.
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Conclusions

Tl ¢

(1) Obsecrvations of back scatter radar echoes Aduring
counter electrojet periods show that ionisation irregularities
of a few metre scale sizes arc generated only on those days
when the counter clectrojet currents are strong and are
extended over long geriocs; Rocket observations show that
the small scale drregularities observed during the counter
clectrojct periods are generated at regions of downward clectron
density gradients, through the crogsficld instability mechanism.,
Extended and strong counter clectrojet arc associated with a
downward drift of plasma giving risc to an ionisation layer

with downward electron density gradients.,

(2) Countoer clectrojet days, with extended and strong
reversals, are more favourable for the generation of irregu-
larities during the countcr electrojet period, by the cross-

field instability mechanisms.

(3) The reversed currents in the electrojet region
may be associated with currents which are not roversed,

’

existing above the electrojet region.



CHAPTER -~ VI

MORPHOLOGY OF BELECTROJET CURRENTS OVER TINDIAN ZONE

G.l Radar echo and the geomagnetic field variations

The study of the electrojet current system has bheen
mainly through an analysis of the ground level variations
in the geomagnetic field parameters. With the advent of
the VHF radar technique for the investigation of ionisation

irreqularities, the stucy of physical parameters responsible
for the generation Of irregularities, emhedded in the
electrojet region, has become possible. The generation
mechanism of these irregularities and the role of the

ambient physical parameters in their generation are discussed
in detail in section (1.3.1). A comparative study of the
fime variations in the amplitude of the radar echo and the
ground level variations in the H component of the geomagnetic
Field at an equatorial station disclosed a close relationship
existing between the two parameters (Cohen and Bowles, 1963a) .
However, even on duiet days, when S and H generally show
smooth time variations, the existence o & 'hysterisis'

h5¢ﬁt of loop was found in 5 versus [N v (deviations of H
values from a properly seleécted base level) curve. This

assymmetric deviation from a linear relationship was
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attributed to variations in H due to currents flowing
in the exosphere, by Cohen. IHe reported that the hysterisis
loop collapsed into a single line when the exospheric

contributions were removed from the H variations at Huancayo,
Peru (Located beneath the electrojet) by substracting H
variations observed at Bogota, Colombia (located well outside

the electrojet region) .

The results of the present studies carried out
during the period 1971-74, at Thumba not only establish
the existence of a general linear relationeg ship between S
and H variations at Thumba (an ecquatorial station}, but
‘also show that the earlier conclusions regarding the exact

nature of this relationship are to bhe modified in order to

(T

explain the observed feature of the time variations in S5 and
H, Hourly moving averages of S and H were used during the
present studilss in order to eliminate the short time

effects in their variatione.

6.2 Reduction of magnetograms and analysis of data

HT represents the horizontal component of the

geomagnetic field at Thumba and HA at a mid latitude station
Alibag, where the influence of the electrojet currents is :

negligible. Values of H’[‘ and HA from OO0 hrs. to 24 hrse.

at intervals of five minutes were used to calculate

the hourly moving averages during the present studices.
CJ S|
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account the various sources that contribute
variations in the horizontal.components of the

into
can be written in the following

Taking

the tim:=

to
geomagnetic field, HT andl HA
form:
= I + + A F + AF 6.1
By = Hop + A Hyp  + AHgy A, (6.1)
1 = H_ .+ /[ + A F +/AF oz
Hy = Hop + A Hy  + DHgg +AHR, (6.2)
where
and H are the iz Ta Ne ants £ he
HOT and lOA are the horizontal components of the
earth's main field.
dus to magnetospheric

ributions

and LSENA are the contril

AN

T

currents. '
is the contribution due to electrojt currents.
currents

e
n
e
—

jon

JANCH

J

m
L

tior

Ix

LLHFT and[ﬁHFA are the contribu

above the electrojet region.

is tho contribution due to 5 currents.
on

H

A s

The time variatior in tha magnetospheric currents
only of the order of a few

a geomagnetically guiet day is
and hence does not contribute much to the variations

gammas,
[

the value of Hoyp o+ A Hyp can be ecstimated
be usad to obtain

in H,. TIT&

T
somehow, the equation (6.1) itsclf can
an approximate e stimate of (LAHET + HFT) which
scen from Thumba.

represents tha overhead currents as
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The procedure adopted in the estimation of HOT +£1HMT , during
the present studies is the following. From the back scatter
studizs it has been found (Balsley 1966) that the horizontal

drifts of electrons in the £ region and the vertical drifts

in the 7 region show a reversal during the early morning and

the late evening hours. Hence the electrojet currents and
the eleoctrostatic ficlds will be very small during these
periods. Assuming that the currents represented by N H ET
andzﬂ,HFT are negligible during periods close to the morning
and evening electrojet reversals, th: values of HT are edual

to (H +[LHMT) values during these periods. Linear extra-

oT
polation of these values is used to calculate the values of
this parameter at oth@r‘times of the day. HOT + ZK‘HMT
values thus calculated form the base line for computing the
contribution due to overhead currents and are substracted
from the observed HT values given by equation 6.1, This
leads to the equation

H = + N H.,
A H, AHp A HL,

6.3a)

—

The termiH . contains a part which is related topH

and anothor part which is not related to it. Using the

super scripts r and u to represent these components, one

can write

- r u
/ ] 1 ] ) Lo/ T N 3
/ \ IJ.T = ,,\‘ [IE'J( TN H o { L’ 3 I—I Fi[\ ( 6) e 3 )

similarly for Alibag

r

Ao, = BH LT+ LXHuSqA FAII L\II (6.4)
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_ r T
=i -1 —3 1 ¢ T - S e T \ < ~ o
whera [\ ILSqA and /A Hpn are the components of AN H 2

T \ : , A oo . 1
and /) H., which are related to A H,, and At SqA and
£L M) .. eS

A
1 u y . et ) i i \ -

L\I—IFA are the components which are not related to it. From
equations (6.3) and (6.4) one can write §here Cx(HT - HA) is

ecqual to A H’? - AI—IA sinca the same hours are selected for

both H., and i, in the computation of their base lines} .
. r r r
E s - H = 2 AR AN "C\.T' . .
Oy = Hy) OHpn T A pp Hgga ~Ofpa )
L i) u .
-y -1 e -
(ANH . N H s [\ H EA) (6.5)

Depending on the relative importance of the different terms
in the equations (6.3 and 6,5) one comes across mainly two
tynes of days:

. u 1. u
ays whe CIe N\ 1 T H = 1 - -
(i) Days when the value of AH .. O F e AT .

et

on these days, equation (6.5) takes the simple

form,

- B . r _ i _ e
D(H, - Hy) = AHgg CAH o ~AH - AT .

(6.6)

on such days, /\ (HT - Hp) is a good reprasentation

of the variations in the electrojet currents
though not equal in magnitude to itsince the
second term on the right hand side of the
equation is related to the term:: LLHF’P‘

dd
At the same time, as shown by e quation (6.3)
HT is not an index of A\ HET due to thoe additional
rorm AEY, . associated with it, which is not
term A W7, assoclated with 1it, which is not

celated to AH L.
related to /) [ET
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114 Dave wher A4 U ) u
(ii) Days when AH F’I“%L AT .[AII -

Large nunber of the days come under this
category. Under this condition the equation
(6.3) has to be used for the study of currents

in and above the electrojet region. If one of
thzim can be estimated somehow, the time variation
of the othor can be studied using the equation
(6.3). The amplitude of the radar signal 'S!t

scems to be a useful paramcter in the estimation

U

Results and discussions

(o)
®
W

(

6.3.1 Results

The variation in the amplitude 5 of the radar ecﬁo
from C8 hrs, to 16 hrs. for a few days, is shown in figure
(6.1) ., The variations in Z}HT and Z}(HT — HA) are also
shown in the figure for comparison. Mgure (6,1a) ropresents

the typicalwariation in those paramcters on a quiet day

(Ap £ 8) while figures (6.1b and 6.lc) show the corresponding

sturbed days respoctively. In general, thore exists a
close relationship boetween those paramnters irrespective of
the degree of disturbances, as can be scen from these

figures. The study of currents above tho eloctro jet region

using equation (6.3) is possible only on those davs when
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time variations in the magnetospheric currents arc negligible.,
Hence the disturbed day

=)
[

were. exceluded from the nresent studies.

FPigures (6.2 and 6.3)

- :A)

show the variation of S8 with

e

iy

A Hp an&zﬁ(HT

Fh

or a £

=

W Gul

;

et days. The ass

ssymmetric
behaviour between

forenoon and afternoon variations is quite
evident from these plots. A comparative study o £ the general
nature of the curves before and after the
[l'ﬁA from J’HT values,

substraction of
indicates the existence of three
types of dayse.

Days when the hysterisis loop in the S versuys
. Y I

AH, plots vanish whon A Hy, is replaced byzﬁ(HT — HA)s
About 15% of the total number of quiet days
considered belonged to this group.

(ii)  Days when the hysterisis loop, though docs not
Llapse,shows a tendency to collapse when

5 substituted for [AH,,. About 30% of
A A
the total

nunber of days analysed, showed such
a tendency to collapse,

(iii) Days when the pnortion

es re

of thwe curv

presenting
the forenoon and afternoon hours, get more
S

sparated when ﬁxHﬁ is

replacaod by‘[&(HT - HA)g
About 55% of the days consicdoered belonged to
this group.
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The S versus £3HT and {L(HT - HA> plots obsarved on
days belonging to the goup (i) above are in con formi ty
with the rosults reported by Cohen and Bowles (1963a). A
gencral fecature that can be obsazrved on most of the gquiet
days in the 3 versus /% Hy, and AL(HT - HA) plots is that the

data can be fitted with two lines one for the forenoon hours

and another for the afternoon hours.

6.3.2 5 as a measure of/\H

ET

The close association betwoen the amplitude of the
radar echo and the clectrojet currents as shown by a
comparative study of the driit velocity of eclectrons and

the power contained in the type II ochoes reported by

R

Balsley is discussed in section (1.3.2). The results o
Balsley imply a linear relationship between S an the

electrojet currents, at least during periods when the

J

type II irregularitios dominate in the electrojet region.

¢

The electrostatic fields driving the large scale alectrojot
currents, have their sources distributed over a wide rancge
of latitudcs. Hence, only a slow variation of clectrbstatic
fields with altitude is expected. Tha electrojet currents
are mainly confined to an altitude range of about 90 to

120 km. Henco changes in the currents at any altitude
range.in the eloectrojet region can be assumed to be |
associated with corresponding proportionate changes at

other altitude ranges in the electrojet rogion,
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Thercfore, the amplitude of the back scatter signal oven .
’ J

though is dependent on the irragularities confined only to

a portion of the electrojit currents near its peak, it can

be assumed to be proportional to the whole of the clectrojet

currents. Az pointed out earlier, a gencral linecar relation -
ship between 3 and Q;HT ; 18 observed when the forenoon and
aftemoon observations are considered ac parately, During

the noon hours when the clectrojet currents are at their

peal the type I iprogalaritices usually predominate over
type IT and & deviation from this linecar relationship was
often observed. Hence, the data for noon hours were not

used in the present mmparative study of 3 and;lHT,

Another factor whichan affect the relationship
is the time variation in the gencration
machanism of irregularities rosponsible for the back scatter

signal., Type ITI irrcgularitios are gencerated through

cross ficld instability mechanism and hence depends on
the clectron density and its gradients. Tha olectron dens ity
and its gradients have a symmetric variation about the noon

time while thoe observed variaotion in the relationshin batween
AT

5 ond L;HT is assymmetric. Hence, the possibility of

variation in ¢lectron density and its gradicents being

responsible for this assymmetry can be ruled out

wn

From the above consideration it looks convincing to usc
as an index of the currents in the electrojet rogion. This

property of 5 has been used here in estimating the currents

above the clectrojet region using equation (6.3).
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0.3.3 Currents above the electrojet region

A Hy, as indicated by equation (6.3) is a measure of
total currents in and above the clectrojet region. A change

in the distribution of ths currents in this region will hoence

s

refl cet in th: time varistion of AN H.. &0 discussed in
€L

section (6.3.2) since S

clectrojet currents with a certain factor of proportionality,

one can rewrite the equation (6.3) as

i
/ =3 A\ - ) ATU" a .
AH, =S + A H L A\ H _— (6.7a)

o 1s a constant deoendent on the power of transmission of

-

~he radar signal, the antenna gain, the ce¢levation of the

antenna bheam, and the receiver gain characteristics. Since

N . . ) . e

N H pp 18 related to the clectrojet currents, ona2 can define
, .

a now constant v such that

/1 ) v

A = 55 - H 6,

L [Z AR (6.7)

[a is a factor dependent on the relationship between /A H B

and A H As shown by this cquation a time variation in

ET °
u

pp Can introduce an assymmetry in the relationship

/3 H
between s and ,ﬁxHT,
As pointod out earlier in sccotion (6.3.1), S vorsus

o ?r - HA) can bo fitted with two linces one for

the forenoon hours and another for the aftoernoon hours.,

Y o

These linces when extrapolated for S = 0, give intercepts on
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the ﬁLHT or L}(HT -~ HA) axis as the case may be, From

cquation 6.7 the intercept on tho A HT axis gives the

A . , T -
value of AH at tho times close to 8 = O. The intercept

B
on the A (H, - H ) axis gives the values of /\ HY -\ a4
o (Hy a LS ¢ : PR e TR g
,ﬂLHHWA at tim:zs close to 8 = 0. For most the days this

Hh

remnant LXHT for the forcmoon hours is morc than its value

for the afternoon hours,

Table 6.1

Date Ap Intercopt of /i HT on S = 0 axis
Morning Lvening

8.1.,72 4 29 14
9.1,72 5 22 8
5e2.72 6 15 15
6.2,72 6 18 =10
9.2.72 4 5 5
©ed.72 8 - 14
20,7.72 5 - 8
21.7.72 3 22 le
31.7.72 6 3 -17
16.8.72 6 15 17
20.12.72 4 18 -13
7.3.73 8 19 21
4.5.73 3 28 -6

Average intoercept

Forenoon : 17.5 gamna
Afternoon : 5.5 gamma
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.C

Table (6.1) shows the remnant LLHT valuecs for the forenoon
and afternoon hours for a few quiet Jdays. A day to day
variation from about 3 +o 29 .gamma can be scen in the

remnantiH o during the forenoon hours and -17 to 21 gamma

T
during the afternoaon hours. The averag: value of the
intercept 4s about 17.5 gamma during the forenoon hours

and about 5.5 gamma during the afternoon hours.,

As dointod out carlicr, the romnant [lHT which is
same as L}HUFT shows the oxistcnce of currents additional
to the clectrojet current. These currcnts arc usually more
in the morning than in the evening. On the basis of thesc
currents above the el@étrojet region, on: can account for

3 !

the hysterisis curves obscrved in the S Vs A_HT plots and

the changes observed when zﬁ"HT is rcplaced by /X(HT - H,),

Fe

brom ecquation (6.5) it can be seen that when the magnitude

E A RY . .
of AH PT is such that it cancels with the torm LXH S +

Ay S the hysterisis curve seen in S versus H, plots will
FA Y T

collapsae into a line, when Lx}%xis replaced by /) (H_ - HA>°

;._

The fact that suchdays exist, though few in number shows
that the currents extend to such altitudes above the

clectrojet region as to cause consideral:le variations in

[ o Y O ™, [ =y - - = [ T U ) s Ll

HAe Un other days when the torms A H pp and (AT pa
3 S ; . . -
{l H ) do not cancel with onc anothzr, the nature of

SCA
behaviour of the S vaersus Ll(HT - H.) plots cannot be

AN

rredicted from thoe behaviour of 8 v.orsus L\HT ploty,
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Table 6,2

Date Lp Intercept of A G%‘-Hg) on 8 = 0 axis

Morning Evening
Belo72 4 O 1
9.1.72 5 15 7
52,72 6 2 -10
6.2.72 6 4 ~14
9,2,72 4 3 - 8
6.4.72 8 - - 7
20.7.72 5 3 - 6
21.7.72 3 10 ~29
31.7.72 6 4 -11
16.8,72 6 15 2
20,12,72 4 8 ' - 8
4,5,73 8 24 - 6

Lyveradge Intercept

Forenoon : 8.8 gamma

Evening : ~7.5 gamma



121

Table (6.2) shows the remnant ZX<HT - HA) valucs
for these quiet days, both for .forenoon and afternoon
hours. A wvariation in the remnant A (B, - Hy) ranging
from about O to 24 gamma during the forcnoon hours and f rom
about -29 to 7gmmn during the afternoon hours was observed
on these days. The average valuce of the intercept is

about 8.8 gamma during the forenoon hours and -7.5 garma

during the afternoon hours.,

A negative value for z@ftoernoon remanant as shown
for one of the days in figure (6.3) indicates that the t crm
) u u
H + (\H dominates ovor the term /) H at times
a’qu&FA = v ¢ term QA HY e =
close to 3 = 0. A positive valuc of the afternoon intercept

L , u .
indicates that LLHHW dominates over (\H +[3_HuwA at

T

times close to S = 0. About 75% of the days observed shows

SgA

a negative remnant in ZA(HT ~ HA) during the afternoon
hours.

6.3.4 Electrostatic fields in the E and F regions

ea]

The cast-woest drift velocities of electrons in the
E-region and their vertical velocitics in tho Ferogion in
the altitude range of 300-400 kms, were ¢stimatod from
back scatter rada; studies at Jicamarca, by PRalsley
during the period 1968-~69, A comparative study of thaese

parameters at Jicamarca showed that the drife voelocitioes
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Y and Ut sspectively in the B and ¥ regions were well
corrclataed. (Balsley and Woodman, 1969 and Balslaey, 1970)

A close cexamination by us of these drift velocity data

(URG report 1971) bring out some additional interesting
featurcs, The ratio of the horizontal drift vclocityl%;of
clectrons in the B-rogion €O the vertical drift velocity

in the F-region showed a variation with time. The average
varia tlon of this ratio during day time from 08 hrs to

16 hrs, for two groups of days is shown in figure (6.4) .
rigure (6.,5) shows the average variation of this ratio during

rhe course of a day.

As can be sceen from these figures, the ratio of’@%
3 - , P B
to UF 15 low during the forenoon hours and shows a stcady
increase with time and then a decreasc prior to the evening

roversal . A similar increase is obscrved from the poeriod

just after the evening electrojet revers Al to the period just

before the morning reversal. In the F-region the horizontal
field B' is related to the vertical drift velocity of

lectrons by the approximate relation
~
Ve =0 I

Wwhile in the alectrojet region hocause of thoe higher
collision rates, the relation gets modified and can be

written approximately (Suguira and Cain 1966) as

Ferat

o
&

F AR A

Bab P
' “ ﬁ- RS
B .

ey

e,

S
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from these relations, onc can get

Gé/gﬁj varies between 20 and 25 in the clectrojet region,
. y 4 . . 6
and sinco e 4 2 107 and Wiy v 7.04 ®x 107, one can

. o v

noeglect the term uL /nu) “and rewrite the aguation as

U - A=
Elp 'E.’
for Gzﬂf; = J this relation reduces to
-
. -
~ ] —

From the figure (6.5) onc can sce that the ratio
varics from a valuce 10 at 08 hrs. to a value of about 30
at 16 hrs. and then shows a decrease before the evening
reversal . Thoe ratios close to thoe reveorsal are not accurate
due to low values of Y d@ma Ve . Tho ratio assumes
a negative value during theé cvening reversal, and gradually
increases to a valuc of about 20 again before the morning
reversal., The morming reversal is also associated with a
decrease in the ratio to a negative value. The negative
valucs of the ratio close to the roversal periods, indicate
that there is a time difference in the revorsal of ficlds
in the I and ¥ regions. The F-region ficlds get reversed
20 to 30 minutes bofore the B region field roversal. This

delay is of significant importance in understanding thoe
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the location and transmission of the ficlds responsible

for the zlectrojet currents. During the day time the ratio
do¢s not excoed the valuo 20, excopt at times closce to thoe
evening revarsal. Hence the cloctric ficld in the I~region
is larger than that in the E-region most of thoe time.
During momming hours, the upward gradicnt in the fiold from

v to F region is thercfore, largor comparced to the gradient

fi

in the aftemoon hours. The existence of such an upward
gracdient in the clzctric field is completely in agrecment
with the cestimates of the field profiles reported in
chapter ITT of this thesis.

g

i /L{“’P the

{

I3
o~

As can be scen from the variation of 1
forcnoon and afternoon valucs of FP-region ficlds in compariaon
with E region fields vary by a factor of 3, The fields in
the Eand ¥ regions are nearly same in the afternoon hours
indicating that the electric fields in the @electrojet region
are boetter correlated with the F region fields in the
afternoon hours than in the foronoon hours. This is in
agrecment with the prescnt rosults of radar observations,

where the uncorrelated currents above the el ctrojet
s

region are scen to be more during the forenoon hours than

during the afternoon hours.



6.4 Conclusion

A comparative study of the variations in the amplitude

of the radar ccho and the horizontal component of the

geomagnotic

eleéctrojet currents

(a)

(b)

(c)

field discloses the following features of +he

oo

The uncorrelated currents above the electrojet
region are morc during the forenoon hours than
cduring the afternoon hours. The contribution of
these currents at these times to the horizontal
component of the magnoetic field at Thumba has an
average value of about 17.5 gamma in the Fforenoon

hours and about 5.5 gamma in the afternoon hours.

The ratio of horizontal clectric fields in the
F-region to the horizontal fields in the electro-
Jet region are larger during the forenoon hours
than during the afternoon hours. This ratio
during night time is larger during late evening
after reversal than during carly morning before
reversal .

Th2 horizontal ficlds in the F-region remain
higher than the b-roagion ficlds throughout the

day and night except for a short interval of

]

reversals both during

@
._)
}._J

e

time closae

the morning and ovening hours.



CHAPTER VIT

SUMMARY AND CONCLUSIONS

A critical examination of the results obtained from
the ground based radar studies and from the in-situ measure-
ments using rocket borne payloads, reveal certain interesting
aspects ofvth@ electrojet current system ancd the nature of
electric fields driving these currents. Ecuatorial electrojet
as an enhancement of the local 3g current system has been
discussed in detail by Price and Wilkins (1963), Price and
Stone (1964), Matsushita (1965), Matsushita and Maeda (1965)
and several oth=rs, Contrary to this, a picture of thg
electrojet in which the currents are independent of thelibcal
Sq currents has been given by Osborne (1963: 1964) ,
Onwumchilli (1965), Ogbuehi, Onwumchilli and Ifedeli (1967)
and others. The results of the present studies are of

significant importance in disclosing some of the important

Fh

features of the @lectrojﬁt.currents in the back ground of
these contradicting pictures. Some of the results discussed
in detail in the preceeding chapters are recalled here
because of their significance in giving a consistent picture
of the distribution of currents in +he electrojet region,
the spatial and temporal variation of the electric fields
driving these currents, the location of the sources of

these fields, and the relationship between the electrojet

currents and the world wide Sq currents.,
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7.1 Vertical gradient in the primary electric field

The electric fields in the F region, most of the time,
are higher than the p région electric fields, This has been
observed in the form of an upward gradient in the primary
fields in the electrojet region, estimated from rocketvborne
current density and electron density measurements., The
drift measurements of Balsley at Jicamarca, Peru show that
the primary field responsible for the vertical drift of
electrons in the 300-400 km altitude, most of the time,
is higher than the One responsible for the horizontal drift
in the B region. Only at times close o the electrojet
reversal, there seems to be a change in this relationship.
The time variation of the ratio of these drift velocities
shows that the gradients in the primary electric fields,
are higher during the forenocon and late evening hours than
the afternoon and early moming hours, This gradient in the
electric field, in general, shows a gradual decrease from
morning +to evening followed by a sudden change during the
evening reversal of currents. The gradient becomes high
again after the reversal and then gradually decreases
till the morning reversal of currents. The morning reversal

is also characterised by a sudden change in the gradient.

This implies the possibility of the field sources,

being distributed over 2 wide range of latitudes., These



fields arce casily transmitted to higher altitudes in the

equatorial regi due to the high conductivity along the
geomagnoetic lines of force. Since electrojet currents,

should have thelr retum path in the non-equatorial E-region
which is comparatively less conducting, the fields transmitted

to the electrojet region arce weakoer than the fields in the

Feregione.

7.2 Melds confined to highoer altitudes during the reversal

period

The electric fields driving the electrojet currents
are seen to be confined to higher altitudes during periods close

to the reversal of electrojzt currents, both during morning

and evening hours., The peak of the radar echo,shows a shift
in height during these periods, This feature is in con-
formity with the hypothesis that the f£i2lds have their origin
at non-equatorial latitudes and are conveyed to the equatorial
region through high:r altitudes, from where they drive tiwe
electrojet currents. The height shift of the rogion of
confinement of these ficelds is about 5 kms during prriods
close to both the morning and evening reversals of the
electrojet currents. The location of these fields may be
much higher. Howoever, thoare is no way of determining these
altitudes, as the echo vanishes during the electrojet
reversal. The echo remains absent for a period of about

an hour.
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763 Higher fields during pre-reversal periods

The pre-reversal périods, in gen<eral, are characterised
by an enhancement in the electric fields. This implies an
assymmetric nature in the distribution of the sources of
electric fields., The sources are distributed over a wider
range of latitudes during the forenoon and late evening hours,

than during the afternoon and early morning hours. Such an
C Y S

assymmetric distribution itself is responsible for the field

gradicents to be highar during the forenoon and late evening

hours than during the afternoon and early morning hours.

T4 Currents above the electroijet region

A comparative study of the time variations in the
amplitude of the radar echo and the horizontal components of

he geomagnetic field, discloses the existence of currents

|-

above the electrojet region, uncorrelated with the electrojet

currents, These currents, in general, are more during the

forenoon hours than during the afternoon hours. This does

not imply that the total currents above the electrojet region
are more during forenoon hours, but refers only to that part

of the currents uncorrclated with the electrojet currents.

A guantitative estimate of these currents made from
a study of the average variation on quict days, shows that
these currents cause a vriation in the horizontal component
of the geomagnetic ficld of the order of about 15 to 20
gammas during the forenoon hours and about 3 to 6 gammas

during the afternoon hours.
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The outer loops of the S current system are respon-

gible for the electrojet currents,. Though in general, the

outer and inner loops of the currents show a good relation,

espacially on quiet days, changes in the distribution of
neutral winds can affecct this relationship. & deviation

from this relationship is responsible for the uncorrelated
part of the currents above the electrojéet region. Adecrease
in theso currents in the afternoon hours, is an indication of
an increase in the dominance of the inner Sg current systemnm
in the ¢lectrojet region, during these periods. The

sourcaes over a narrow latitude range

pE)

distribution of field

Auring thess periods, can explain such a phenomenon.

7D Uncorrelated revarsal of currents in and above

the electrojet region

Loy
L

Reversal in the normal direction of flow of currents
in the electrojet region, may or may not be associated with
such a reversal in the current system above the clectrojet
region (section 5.3.1). This is indicated by a positive value

of “ﬁ)Hm observed on a few o-gasions even duringftho

counter eloctrojet periods. This ascertains the existence

0

of currents uncorrcelated with the clectrojot currents
7

above the clectrojet region.
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though are obtained through more or

These results,

ess completely independent approaches, ¢give a consistent

j]

picture of the electrojet current system. It scems that

o]

many modifications are necessary in the existing clectrojet

models, in order to explain the present raesults. An electrojet

model that can explain all the observed features, is under

development,
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