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Abstract. The systematic time differences observed in
the onset of postsunset VHF scintillalions recorded
simultaneously at Ujjain (Geogr. lat. 23.2°N, Geogr.
long. 75.6°E) and Bhopal (Geogr. lat. 23.2°N, Geogr.
long. 77.6°E), situated at the peak of the anomaly crest
in the Indian region, have been analysed to determine
the zonal drifts of scintillation-producing irregulantics.
The method is based on the assumption that the hori-
zontal movement of irregularitics does not change
while crossing the F-region cross-over points ol Lhese
stations, The calculated velocities ol irregularities indi-
cate an eastward drift decreasing from about 180 ms ™!
to 55ms’" during the course of night. In the pre-
midnight pétidd, the drifts-are reduced under the mag-
netically disturbed conditions. The average east-west
extension of irregularites is found to be in the range ol
200-500 km.

1 Introduction

Scintillations monitored on the radio beacon travelling
through the ionosphere have been used quite successfully
to obtain information on the structure and dynarmics of
irrcgularities in the electron density of the ionosphere
1978; Woodman and LaHoz, 1976; Krishna
Moorthy et al., 1979; Aarons et al., 1980; Tsunoda, 1981;
Rastogi, 1982; Somayajulu et al., 1984). The trregularitics
which give rise to scintillations on the VHF signals are
belicved to be generated on the bottom side of the F-layer
by a pgeneralised Rayleigh-Taylor (GRT) instability
1974, Zargham and Seyler, 1987) Sub-

the non-lincar evolution of the E x B drift (Balsley er al.
1972; Ossakow et al., 1979; Tsunoda et al., 1982) and also
drift westward with respect to the background ionosphere.

They are frequently observed at the equatorial and Tow
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latitudes at night. occurring in patches with horizontal
dimensions of up 1o 500 km or more (Tetheridge, 1963;
Koparkar, 1988).

Using the radio wave scintillation recordings at Bom-
bay from two closely spaced satellites, SIRIO (65 E) and
FLEETSAT (73 E). Koparkar (1988) estimated cast-west
drift speeds to vary from about 170ms™! to 60ms ™!
during the course of night. Chandra ef al. (1989) deduced
the zonal drifts to vary in the range of 300-100ms™ " in
nighttime. Bascd on the time shifts in the onsct of scintilla-
tions at two Indian equatorial stations, Trivandrum
(TRV) and Tiruchendur (TRC), seperated by 105 km at
F-region heights, using FLEETSAT signals, Koparkar er
al. (1991) measured the eastward velocity ranging from
11010 60 ms™ . Occasionally they also observed a west-
ward velocity. Pathan er al. (1991) compared the castward
velocity at the TRV-TRC pair of stations with the Karur
{(KAR) and Annamalainagar (ANM) pair situated a few
degrees north. They found a slight difference in the ve-
focitics which could either be due to the seperation in
latitude or to a difference in solar activity levels for both
the sets of data.

This paper presents a study on the zonal drifts of the
ronospheric irregularitics computed from the time delays
in the onsct of similar scintillation patches at Ujjain and
Bhopal. situated at the peak of the anomaly crest. These
stations provide a unique configuration for such a study in
the Indian region since they are at cxactly the same
latitude. The magnetic declination (D) at 400 km is about
0.89 W at Ujjain and 0.94"W at Bhopal. The experiments
were conducted under the All India Coordinated
Programme on lonospheric Thermospheric  Studics
(AICPITS)

2 Experimental data and analysis

The amplitude of the 244 Mcs™! radio signal transmit-
ted from the geostationay satellite FLEETSAT (73 E)
was recorded at Ujjain (sub-ionospheric points  at
400 km 21.6 N, 75.6"E and dip lat. 16.6'N) and Bhopal
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Fig. lu-c. Scintillation records observed at U and Bhopal
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Fig. 2. Nocturnal variation-of castward drift velocity of trregularty
patches. The dashed curve shows the variation of median velocuy as
a function of 82.5 E meridian time. The vertical bars indicate the
standard crror.

(sub-ionospheric points at 400 km 21.6'N, 77.2 E and dip
tal, 16.5 N), using identical receiving systems. The receiv-

1g system consists of a simple cleven element Yagi-Uda
ancnnu. an indigenously made YHF recciver and a strip
chart recorder. The period of observations was Irom Jan-
uary 1991 to March 1993, indicating a relatively higher
solar activity period to the decaying phase of the current
solar cycle. Attributing the time delays observed in the
onscetl of identical scintillation patches to the cast-west
motion of the same irregularity patches, the zonal dnifts
have been computed simply by dividing the distance be-
tween F-region cross-over points (180 km) of these sta-
tions with the measured time delays in the onsets. From
the durations of the scintillation patches and correspond-
ing velocities the size of the irregularitics are computed.

3 Results
3.1 General features of scintillation

In Fig. | we present the examples of scintillations at Ujain
_jand Bhopal. The onset of scintillation at both the stations
"y "}is in general abrupt reaching peak-to-peak fluctuations of
10 20 B within a few minutes. [n premidnight saturated
scintillations (cxceeding 15 dB peak-to-peak) with a fad-
ing ratc of 15 fades min~" or higher, while during post-
midnight rather weak and slow scintillations are observed.
The scintillation records at these two stations are gener-
ally found to be consistantly similar but shifted in onset
times, suggesting this effect to be equivalent to the pas-
suge/movement of the same irregularity patch over the
F-region cross-over points of these stations with a certain
drift velocity.

3.2 Zonal drifts of plasma irregularities

The nocturnal variation of zonal drifts computed from
similar onset of scintillations together with thetr stan-
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dared error 1s presented in Fig, 2 whercin the variation of
median velocities which are well within the error limits of
mean drift velocities is shown by a smooth dashed curve,
ac a function of 82,3 E meridian time. Lt is clearly scen
from this figure that the castward drift velocity of irrcgu-
larity patches decreased from about 180 ms~ ' to about
55ms ! during the course of night. The range of ve-
fecities calculated here is found to fall in the range of
velocities of 100-150 ms™ ! reported by Basu er al. (1977),
140 80 ms ™' by Koster et al. {1978), 100-200 ms~ ' by
Aarons ¢f al. (1980} and 200-100 ms™' by Pathan erul.
{19911, The deviation of zonal drifts from the mean level
shown by the standared error is an indication of the
day-to-day variability of zonal drifts, which can be at-
tributed to the fluctuations in the F-region electric ficld
caused by GRT instability since they play important role
in determining the generalised gradient drift instability.
The onscts of scintillations at these stations can be deter-
mined within an accurracy of =+ 1 min, and hence overall
inaccurracy in determining the relative time delay at these
stations was + 2 min. The error in measuring the time
delays Tor lesser ime delays causcs larger deviation of drift
specd from 1he mean level, and as the time dclays increase,
the deviation will also decrease proportionally.

13 Magnenc activin effect on zonal drifis

Te cxamine the cffect of geomagnetic activity an the drift
velocitics of the irregularitics, the scintillation data from
this pair of stations were divided into two groups of five
international quiet (Q) and five international disturbed
{D} days from the data of cach month o obtain the

average for cach group of data. The drift velocitics com-

puted for both the groups of data have been plotted in
Fig. 3. 1t should be noted that the magnetic disturbance
reduces the drift velocities significantly in the premidnight
period.
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Fig. 4. Histogram showing the variation 1o ewst-west size of wregu-
lurity patches at both the stativns

3.4 Irregularity patch sizes

Much of our knowledge of the dynamical characteristics
of ionospheric irregularities has emerged from VHF radar
observations. These observations indicate that at the alti-
tudes of above about 500 km over the equator. rather
distinct patches of irregularities of modest cast-west di-
mension are present along the magnetic tield lines which
cause scintillations at temperate latitudes (Basu er aof.,
1977). The duration of the scintillation patch represents
the east-west dimension of the irregularity patch. Assum-
ing that plasma bubbles travel with the same velocity
while crossing the F-region cross-over points of Ujjain
and Bhopal, the patch sizes of the irregularities have been
computed and are presented as a histogram in Fig. 4. The

an cast-west size of the irregulurity patches at these
longitudes is of the order of 200 500 km. Also, comparat-
ively longer irregularity patches are found in the premid-
night period compared to those in the postmidnight period.

4 Discussion

The nighttime ionospheric irregularities are first gener-

. ated in the equatorial F-region. Subsequently distinct

patches of irregularities are mapped down along the mag-
netic field lines to the temperate latitudes. Although the
exact mechanism that triggers the irregularitics and sub-
sequent development is yet to be probed for complete
understanding, it is believed that these irregualritics are
constantly in motion, due to neutral wind and electric
ficlds in the presence of geomagnetic field.

The cast-west movement of ionospheric irregularities
has been studied extensively using different techniques.
Fejer et al. (1985) used incoherent radar observations al
Jicamarea, and estimated the castwird dedt to be 150 ms !
at about 2100 LT, reversing its direction westward during
daytime. From a spaced polarimeter experiment in Braal.
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Abdu o1yl (1985) reported the castward drift 1o decrease
from230ms™ a1 2100 LT to 80 ms " a1 0300 LT during
thie course of night. The airglow measurements at 630 nm
al Cachocira Paulista (149 S dip lat) by Sobral er al.
(1985) gave an eastward drift ranging from 200 1o
S0ms ' owith the peak at 2130 LT,

A radio-wave scintillation technique has also been ef-
fectively used by many rescarchers to study the dyanmics
of plasma irregularities. Aarons et al. (19%0) have shown
that scinullation producing irregularitics, soon after the
sunsct. have a westward expansion and later drift cast-
ward. with velocities of the order of 100 ms ™!, Weber ef
al (1983). using scintillation data from geostationary sal-
clhtes FILTSAT and Marisat at Ascension Island, have
shown an eastward drift of the irregularitics (o be, on
average. 160ms™ " Similar results_worked out in the
Indian Jongitudes at Bombay (Koparkuar. and Rastogi,
1985) and Waltarr (Rama Ruo er al, T98K) have yielded the, -
doft velocaties varying in the range of 200 60ms ')
Spaced scintillation experiments were conducted to study
the plasma zonal drifts in the equatorial and low-latitude
regions (Yeh er al, 1981 Spatz ¢t al, 1988). A similar
experiment conducted in India by Chandra et al. (1989) at
Tiruchirapalli (4.2'N dip) indicated the drift velocities
varying in the range of 300-100 ms ™ ', Pathan et al. (1991)
recorded the radio beacons simulatancously at pairs of
stations at 0" and 3°N dip latitude in the Indian region
and found the drifts to be predominantly eastward. They
also reported that drifts were significantly higher at 3 N
compared to those observed ncar the dip equator. Dabas
et @l (1992) simultaneously recorded the radio beacons
from INSAT-1B (74°E) and INSAT-1C (94"E) at Sikan-
drabad (24.2'N dip lat.) and Chingelpet (5.3°N dip lat.).
They found that the drifts at Sikandrabad, varying be-
tween 92 and 55 ms™ ! were significantly lower compared
to those estimated at Chingelpet which varied in the range
of 174 118 ms™'. Using in situ measurements on bourd
the DE-2 satellite. Wharton er al. (1984) found that neutral
wind speed decreases gradually with an increase in the dip
latitude while Aggson er al. (1987} reported maximum
plasma zonal drifts at about 8" dip latitude.

The drifis estimated at 16°N dip latitude reporied here
varied between 180 and 55 ms™ " which is lower than that
reported for stations situated south of this latitude but
higher than that reported for stations situated north of it
This latitudinal dependence of plasma zonal drifts may be
understood in terms of the altitude dependence of zonal
drifts over the dip equator. Kudeki er al. (1981), using the
Jicamarca radar in interferometer mode had detected pos-
iive shears, the velocity increasing with the altitude up to
a height of 500-600 km. Using a 630-nm airglow angular
scanning photometer at Cachoeira, Sobral and Abdu
(1991) found that zonal drifts were higher at 540 km over
the magnetic equator when compared with those at
660 km. Thus there are enough indications that the zonal
drifts have negative shears above 600 km over the mag-
netic equator. Also, Rishbeth (1971) has suggested that the
shears in zonal velocities may be due to the fuct that the
magenuie ficld line integrated Pedersen conductivity has
a finite contribution from plasma at higher latitude
E-region. The vertical polarization electric field driven by
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neutral wind at the equator is partially shorted out by
E-region conductivity, causing rclative motion between
plasma and neutral wind. Using model calculations,
Zalesak et al. (1982) explained this shear on the basis of
Feregion Pedersen conductivity maximizing at the F-re-
gion peak. The shorting effect of the magnetic tield-hne
linked E-region on the F-region dynamo polarization feld
would be small at the F-region peak over the dip equator.

The mean zonal drifts reported here correspond 1o
a height ol about 1000 km over the equator which tsin the
negative shear region. Thus, the drilts are lower than those
reported for the latitudes south of this pair of stations and
higher than those reported by Dabas et al (1992} which
corresponds to 1200 km over the dip equator.

Drifts are found to be high on the magnetically qurct
days when compared to those on magnetically disturbed
days. Fejer et al. (1981) found very little etfect of magnetic
activity on Jicamarca drifts while Ganguly et al. (198%)
reported that the increase in the magnetic activity scems
to decrease plasma zonal drifts measured by incoherent
scatter radar at Arecibo (31°N dip latitude). This effect
may be due to the fact that a sudden perturbation in the

‘agnetospheric potential during the magnetically dis-

rbed conditions across the polar cap, often results in
%nrhlivud clectric potential, propagating almost simulta-
neously from high to middle and equatorial latitades and
effecting the clectrodynamic drifts in the region.

The cast-westirregulurity pateh dimension of the order
ol a few hundered kilometers has been reported by many
researchers, Somayajulu e al. (1984) have shown that
scintillations at stations situated off the dip equator are
controlled by the equatorial spread-F. Sastrr {1985 has
reported that the patch duration of the equatonal
spread-F is scasonally controlled. Scintillations at the
cquator, causcd by the vertically integrated etfects from
both strong and weak irregularity layers. appear to be
moderately strong and continuous in time while discrete
patches are observed away from the equator (Mathew
et al., 1992; Pathan et al., 1992). Scintillations at the latt-
udes of Ujjain and Bhopal occur in patches due to
F-region irregularities of the dimensions of 200 500 km i
the cast-west direction and drifting predominantly in the
~asterly direction.
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