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ABSTRACT
Ionospheric drift measurements made at Tiruchirapalli, situated close to the magnetic equator
and Udaipur a tropical latitude station during the years 1973-74 are examined on few counter-
electrojet days covering both winter and summer seasons. The examples presented here show
that on counter electrojet days the drift velocity tends to shift eastward not only at equatorial
stations but also at Udaipur. This suggests that there is change in the global scale wind pattern
during counter electrojet events.

INTRODUCTION

Electrodynamics plays an important role in the
equatorial and low latitude ionosphere [Rastogi et al.
1972, Abdu 1997, Rastogi & Chandra 1999 and
references therein]. The configuration of the
northward magnetic field and zonal electric fields of
dynamo origin give rise to special features of the
ionosphere at low latitudes. Intense daytime eastward
current that flows in the E-region in a narrow band
of latitudes centered over the dip equator was named
‘Equatorial Electrojet’ by Chapman [1951]. This is
caused by the enhanced conductivity resulting from
the vertical Polarization field close to the dip equator.
Associated with the equatorial electrojet is the regular
daytime transparent type of sporadic-E (Es

-q
) observed

in ionograms. The Es
-q
 arises due to the scattering of

radio waves from plasma density fluctuations caused
by the plasma instabilities that operate near the
magnetic equator (two-stream instability and the
cross-field instability). There are occasions when the
westward current flows during the daytime due to
the electric field reversals. Such events are known as
counter electrojet and observed as depression in H
during daytime in the electrojet region [Gouin 1962].
During periods of daytime counter electrojet when
electric field reverses the equatorial type of sporadic-
E also disappears as demonstrated from the ionosonde
and ionospheric drift measurements made at
Thumba (dip 0.6oN) near the magnetic equator
[Rastogi, Chandra & Chakravarthy 1971]. Later the
drift measurements were also made at Tiruchirapalli
(dip 4.8o N) and the features were found to be similar

to those at Thumba but with a slight decrease in the
magnitude of drift velocity [Vyas, Chandra & Rastogi
1978]. Thus the drift measurements at Tiruchirapalli
could also be used to monitor the electric field in the
electrojet region. The occurrence features of counter
electrojet have been described in detail [Rastogi 1974]
based on examination of geomagnetic H variations
in the electrojet region. Occurrence features of
counter electrojet were also reported from ionospheric
drift measurements at Thumba by Chandra [1973]
and at Tiruchirapalli (dip 4.8 N) by Vyas, Chandra
& Rastogi [1979].

In the electrojet region ionospheric drifts are
westward during daytime and eastward during night
during each of the seasons with reversals around 07h
and 20h local time [Chandra & Rastogi 1970, Vyas,
Chandra & Rastogi 1978]. The magnitude of drift is
maximum during equinoxes and the steady drift, as
determined by harmonic analysis, is reduced during
summer by about 20 m/s. At tropical latitude stations
Ahmedabad (23o N, 72.6o E, dip 33.8o N) and
Udaipur (24.6o N, 73.7o E, dip 35.3o N), daytime
drifts are westward during winter and eastward during
summer with change over during equinoxes
[Chandra, Patel & Rastogi 1977, Rastogi et al. 1978].
Chandra, Patel & Vyas [1981] examined the E-region
drifts at Ahmedabad on two counter electrojet events
during winter of 1974 and showed that drifts shifted
to eastward on such days. Kane and Patel [1980]
studied geomagnetic field variations at a chain of
stations in the Indian longitude sector for a low
sunspot year of 1964 for normal days and strong
afternoon counter electrojet days. Though nothing
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abnormal was seen during summer season but during
winter and equinoxes larger geomagnetic H variations
were seen at low and middle latitudes during strong
afternoon counter electrojet days.

In the present study ionospheric drift
measurements at Udaipur are examined on four
counter elecrojet events for low solar activity period
of 1973-74, two each for winter and summer.
Ionospheric drifts at Tiruchirapalli are also used
whenever data is available.

DATA AND RESULTS

The experimental set up used at Tiruchirapalli and
Udaipur have been described earlier [Rastogi et al.
1978; Kumar, Janve & Rao [1973]. The hourly drift
records were analyzed using Mitra’s similar fade
method [1949] that gives the apparent drift velocity.

The difference in the deviations in H at Trivandrum
and Alibag, ΔH

TRI – ALB
 is used as indicator of counter

electrojet.  For comparison the monthly mean values
of the E-region drift is used. Fig. 1a shows the results
on 15 May 1974. The variation of ΔH

TRI - ALB
 shows

fairly strong electrojet strength with its maximum
value of almost 80 nT around 10-11 h. There is
sudden decrease in electrojet strength from 11 h to
14 h with value dropping below nighttime base level
around 13h and falling to about -35 nT at 15h before
recovering to nighttime level at 17h. Ionospheric E-
region drift during this month decreases steadily from
more than 100 m/s westward at 07-08 h to about
20 m/s westward at 17 h. However on 15 May 1974
westward drift at Tiruchirapalli reversed to eastward
sharply between 14 and 15h. The monthly mean drift
at Udaipur is eastward varying between 5 to 45 m/s.
On 15 May 1974 the drift was eastward up to 09 h,

Figure 1a. Daily variations of the E-W drift speed at Tiruchirapalli and Udaipur on 15 May 1974 (along with the
monthly mean E-W drift speed) and the difference of the range in H at Trivandrum and Alibag, ΔH

TRI – ALB
 on 15

May 1974.
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westward from 10 h to 12 h and then again reversed
to eastward during 15-17 h. The magnitude of the
eastward drift in the evening hours was more than
the monthly mean values. Thus one can conclude
that following the counter electrojet on 15 May
1974, drift velocities changed towards eastward both
at Tiruchirapalli and Udaipur.

The second example of the counter electrojet and
drift measurements both at Tiruchirapalli and
Udaipur is shown in Fig. 1b.  The electrojet was
comparatively weaker on this day with ΔH

TRI - ALB

about 30 nT at 09 h. ΔH
TRI – ALB

 decreased from 10
h to 14 h and the value was below the night level
from 11 h to 17 h. The counter electrojet peaked at
14 h with ΔH

TRI - ALB
 value of about – 30 nT. The

ionospheric E-region drifts at Tiruchirapalli showed
westward drift of about 100 m/s between 08 and 10
h but there was sudden change in drift velocity from
10 to 11 h with value reversing to about 60 m/s
eastward. The drift remained eastward between 11
and 16 h. Compared with the monthly mean, the
magnitude of E-region drift is shifted by 100-150 m/

s to eastward on 22 May 1974. The E-region drift
at Udaipur on 22 May 1974 are eastward but greater
in magnitude than the monthly mean values by
about100 m/s during the period of counter electrojet.
The third example of counter electrojet shown in
Fig. 1c is for 3 February 1973. The electrojet strength,
as described by ΔH

TRI – ALB
, remained below the night

level from 12h to 15h with peak depression of about
-25 nT. There were no observations of drift at
Tiruchirapalli on this day. On this day also the drifts
on 3 February 1973 were shifted towards east, the
shift ranging between 20 to 60 m/s compared to the
monthly mean values.

The counter electrojet event of 20 February 1973
is shown in Fig. 1d. ΔH

TRI – ALB
 decreased to below

night time level between 1230 to 15h with
minimum value of -20 nT at 14h. Though the drift
did not reverse to eastward at Tiruchirapalli on
this day but it was very much reduced in
magnitude after 13h. The magnitude of drift at
Udaipur did show change to eastward from 1230h
to 1630h.

Figure 1b. Daily variations of the E-W drift speed at Tiruchirapalli and Udaipur on 22 May 1974 (along with the
monthly mean E-W drift speed) and the difference of the range in H at Trivandrum and Alibag, ΔH

TRI – ALB
 on 22

May 1974.
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Figure 1d. Daily variations of the E-W drift speed at Tiruchirapalli and Udaipur on 2 February 1973 (along with
the monthly mean E-W drift speed) and the difference of the range in H at Trivandrum and Alibag, ΔH

TRI – ALB
 on 2

February1973.

Figure 1c. Daily variations of the E-W drift speed at Udaipur on 3 February 1973 (along with the monthly mean E-
W drift speed) and the difference of the range in H at Trivandrum and Alibag, ΔH

TRI – ALB
 on 3 February 1973.
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SUMMARY AND DISCUSSION

Chandra, Patel & Vyas [1981] presented two events
of counter electrojet during the winter months. The
example of 22 November 1974 showed a change of
more than 100 m/s from normal westward drift to
about 20 m/s of eastward drift at the peak of counter
electrojet at Tiruchirapalli and from 20 m/s westward
to 50 m/s eastward  at Ahmedabad. The monthly
mean drift was westward at Ahmedabad but on
counter electrojet day it was eastward. The example
of 20 December 1974 showed a higher westward drift
throughout day hours at Tiruchirapall as compared
to monthly mean values by about 30 m/s and by
about 100 m/s at the peak of counter electrojet. The
monthly mean drift at Ahmedabad was westward
during most of the daytime hours and on the counter
electrojet day remained eastward throughout day
hours. The difference was 20-60 m/s. The examples
shown here cover both winter and summer. Thus
even for the counter electrojet events of summer
season there is an evidence of the change in the global
wind system.

Kane & Patel [1980] studied the geomagnetic H
and X variations at a number of stations in the Indian
longitude sector, covering from dip equator to the Sq
focus and beyond, on strong afternoon counter
electrojet days of winter and equinox of 1964. They
reported differences compared to mean variations
indicating that there were changes in the global wind
pattern. The geomagnetic H variations at stations in
the equatorial electrojet region also showed higher
values in the pre-noon hours on counter electrojet
days. This indicates strong semi-diurnal component.
Explanation of the counter electrojet is given in terms
of the global scale tidal winds. The diurnal tide is
mainly responsible for the generation of electric field
necessary to drive the normal Sq current system and
the normal equatorial electrojet in the daytime. But
the dynamo action of semi-diurnal tides is considered
to contribute to dynamo region electric fields
particularly in December solstices [Forbes & Lindzen
1976, Marriott, Richmond & Venkateswaran 1979,
Reddy 1989]. Somayajulu [1988] showed that the
amplitudes and phases of the diurnal and semi-
diurnal components of the geomagnetic H variations
on counter electrojet days differ substantially from
those on normal electrojet days. Alex & Mukherjee
[2001] investigated the counter electrojet events of
different local time groups and highlighted the
importance of the semi-diurnal tides of varying
magnitude to influence the local time behaviour of
counter electrojet events.

The examples presented here show that on
counter electrojet days, both during winter and
summer, the drift velocity tends to shift eastward not
only at equatorial station but also at stations away
from equator like Udaipur. This suggests that there
is change in the global scale wind pattern during
counter electrojet events and support the earlier work
(Chandra, Patel & Vyas 1981) based on two winter
events of counter electrojet and drift observations at
Ahmedabad and Tiruchirapalli
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