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Abstract

The digital ionosonds system at Waltair was operated continmonsly from 23rd to 27th
October 1995. The maximum percentage of obscuration (81%) of the solar disc occuired at
08.44 hrs IST as seen from Waltair on the eclipss day, i.e. 24th October 1995, A study on the
temporal variation of h'F, f F), fy F; and dh'F/dt on the eclipse day are presented. The h'F
showed an oscillatory behaviour during the course of the eclipse. Thereafter, the h'F
decrensed upto 12 Hrs IST merging wlith the control day trend of variation thenceforth, In
comparison with the temporal variation of fy F; on the control day, fo F2, dropped by about
15% around 09.14 Hrs IST (i.e., about 30 minutes after maximum obscurntion of the solar
disc) on the eclipse day. On the other hand, fy F; decreased by as much as 50% on the eclipse
day with no time lag between the time of maximum obscuration and the time of maximmum
decline of fo Fl.
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Introduction

A total solar eclipse oceurred on 24th October 1995 over the Asian scctor. It started during
the sunrlse hours in Iraq and terminated near Indonesia during pre-sunset hours. The totality
path region passed frorn weat to eastern sector of northern India. Waltair (17,7°N, 83.3°E, Dip
20°N), is to the south-west of Calcutta and the solar obscuration was 81%. A digitai lonosonde
was operated round-the-clock at Waltalr during 23-27 October 1995 at 15 minutes interval.
However on the eclipss day, data were obtained for every five minutes, and during the eclipse,
data were collected for every one minuts, The first contact of the solar eclipse was at 07:33
IST and the maximum obscuration was at 08:44 IST and ths last contact was at 10;08 IST over
Waltalr,
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As the present eclipse (low sunspot activity and no geomagnetic effects) event started
during the moming hours, when ionization begins, the jonosonde abservations are expected to
give inleresting results compared to those of the eclipse which occurred on 16th February 1980
(high sunspot actlvity period), when the obscuration was nearly 100% and the time of
occurrence was in the afternoon hours. In this paper, the preliminary results obtained during
the total solar eclipse of October 24, 1995 are presented.

Data

The digltal ionosonde system (KEL-IPS 42) sjtuated at Nagarampelem fleld station (11 Km
from Waltair) is operated continnously during the total solar eclipse period from 23rd to 27th
October 1995. The data were obtained at every 5 minutes interval on 23rd, 24th and 25th and
at every 15 minutes on 26th and 27th October 1995. The important ionospheric parameters
nemely fp By, fo F; and h' F were scaled from the fonograms of the eclipse day (24th October
1995) and of the control days (25th and 26th October 1995),

Results
1.h'F (Minimum virtoal helght of F-layer)

The veriations of h'F as a function of ime from 06:00 Hrs to 18:00 Hrs on 24th and 25th
October 1995 are presented in Fig. 1a. The first contact (07:33 Hrs), the maximum phase
(08:44 Hrs) and the last contact (10:08 Hrs) of tho solar eclipse are indicated by arrows in the
figure. The figure shows a general decrease in h'F from morning hours to the noontime and
beyond. However, on the eclipse day, efter a lapse of about 30 minutes from the starting phase
of the solar eclipse, a sudden and significant oscillatory type of increase and docrease in h'F Is
seen. A sharp increase of about 40 Kms in the height of the F-layer is seen twice and then a
sudden decresase in the height of F-layer of about 60 Kms is observed. The layer has again
showed a gradual increase in height of about 25 Kmg and the trend continued for about 30
minutes, Subsequently, the height has shown a gignificant but gradual decrease upto 12:00 IST
followed by a sudden increase and attained the regular trend of variation. The time rate of
change of h'F (d h'F/dt) also exhibited an oscillatory trend during the eclipse time, with d h'E/dl
varying from +20 m/s to —20 m/a in comparison with +5 m/s varlation on the control day.
Fuither, significant quasi-perlodic variations are alsoc seen throughout the day, both on eclipse
as well as control days.

Helght variations at different frequenélea

It is observed that' the variations in h'F are significant only at the lower frequencies
(less than 4 MHz), A typical plot showing the height variation at three different frequencies
(3.7 MHz, 4 MHz and 5.2 MHz) on the eclipse dey is presented in Fig.1b. It is seen from this
figure that there is a slight height rise at the three different frequencies after the first contact.
About 30 minutes after the maximum phase, & stesp fall in height is observed at lower
frequencies (S 4 MHz), while a small dip is observed at 5.2 MHz after the last contact,
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Figure 1 ¢t Variation of (a) minimum virtual height of F-layor (b) hoight variatlon al three different
fequencies on the eclipse day.
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fo F2 (critical frequency of F2 layer)

Another important parameter namely, the critical frequency of ¥,-layer, which s a measure
of the maximum electron density of the peak of F-layer is studied for the above two days (24th
and 25th) and the resulta are presented in Fig.2a, It is but natural to expect & decrease in the
alectron density as the solar radiations are obscured either partly or fully, It is seen from this
figute that the fy F; on these two consecutive days followed more or less the same trend of
increase from 06:00 to 08:00 IST. However, on the eclipse day, fo P, started decreasing from
about 08:00 IST i.e. after a delay of nearly 30 minutes from the first contact. The minimum in
fo By is observed at about 09:15 IST i.e. nearly 30 minutes after the maximum phase of the
eclipse, from where it started increasing to join the regular diurnal trend. The approximate
maximum decrease in fy F; is about 15%.

The fy F, has also shown cquasi-periodic variations on both the days, similar to thosze
observed in h'F.
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Figure 2 : Ecllpze and control days varlation of (a) f3 F, and (b) fy F; at Waltair.
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fo F1 (critical frequency of Fy layer)

It is known from the earlier sindies on the lonosphere during the solar eclipse, that the
lower regions of the ionosphere (B and F,) are observed to be more affected than the higher
regions (F; tegion and above). The values of fy F; with five minute inte1val from 06:00 Hrs to
18:00 Hrs. IST on 24th and 25th October 1995 are presented in Fig. 2b, It is clearly seen
from this figure that there is a distinct depletion in the electron density of F, layer by about
50% at the maximum phase of the solar eclipse. Unlike f Ry, the variations in fy B, have
shown a significant decrease without much of a time delay with the onset of the eclipse. The
variations of fy F), also show significant superposition of quasi-periodic variations. One of the
reasons for observing a significant decrease in fo F; compared (o that in f F; is due to the
effect of collicions and a subsequent loss of lonization which is more in the denser (lower)
regions (E and F; regions) compared to that in the less denser (upper) regions (Fy).

Though there is a general decreass in both fy Fy end f,F|, a comparison of these two
parameters reveals that near the first and last contacts the ratio between fy F and fy F; iemained
sround 1,65, About 20 minutes after first contact, the ratio has increased to 3 and again
reduced to 1.65, 40 minutes after the maximum phase of the obscuratlon, Again after the last
contacl an increase in the ratio to a valus of 2.2 ia observed, In addition to these features, a
damped type of oscillatory variations is also observed in both the paramsters.

Discussion

Owing to (he reduction in soler radiation during eclipses, the chemical equilibrium in the
ionospheric layers is disturbed. Since the recombination coefficients arc hlgher in lower
regions of the ionosphere, significant reduction in the lonization is obsarved in these regiona.
In the altitude range of 140 to 170 Kms the NO* is the dominant ion and its loss rate ia higher
when compared with that of O*, which bacomes dominant above 170 Kms (Banks and
Kockarts, 1973), The same reason holds good [or the late response in the upper regions when
compared with that of Lhe lower 1egions of the ionosphere. In the present study, the
ionospherlc response to the solar eclipse is observed only upto 4 MHz and at altitudes around
200 Kms. While in the upper regions, less significant varintions are observed. The present
eclipse event occurred in the morning hours, and hence the production process should be
dominant, In addition to ionosonde measurements at Wallair, a UV-B photometer (Niranjan
and Thulasiraman, 1996) and a HF Doppler radar (Reo and Anjaneyulu, 1996) were also
operated. The optical studies revealed significant decrease In UV flux, while the HF Doppler
studies showed a long perled osclllatory pattern comparable to the eclipse duration with
maximum ampltudes conflned to the oclipse interval. A comparison of the perioda of the
wave like variations obtained from the data of HF Doppler (at 5.5 MHz) and the lonosonde (at
5.6MHz) shows that there Is good correspondence In the components with perloda of 12,17
and 30 minutes, From the ionosonds measurements at an anomaly crest statlon, Ahmedabad
(Dip 32°N), Chandra et al. (1996) also reported about 50% decrease in foE end fo F, while
15% decrease in fy By,
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From the earlier studies made at Waltair during an eclipse event in the afternoon hours of
16th February 1980, Rama Rao ef al, (1982) reported a 14% depletion in ionospheric total
electron content (for obscuration of 99%), but no wave-like varietions were observed. During
the same event, the phasepath stndies made at Waltair (Raj ef al. 1982), a large amplitude with
long perlod damped oscillatory perturbations are reported, A comparison of the above two
studies indicates that the short period oscillations are observed at Waltair when the totality path
is away by about 550 Kms (present study and Rao and Anjaneyulu, 1996), while they are not
geen when the totality path is mmch closer (Rama Rao ef al., 1982; Raj et al.,, 1982). The local
time difference between the sarlier and present eclipse occurrences, did not show much of a
difference in the ionosphere over Waltair,

Thase studies at Waltair, a low latitode station, however differ from midlatdtude observationa
(Matsoukns, 1970 and Anastessiadea, 1970) where a slight increase in fy F, 1s reported, The
ionosonde measurements at a low latitude station, Bangkok (Laan, 1970) at a similar event of
totel scler sclipse also showed an initial increase in fy F;, but decreased 25 minutes after the
maximum phase, At tho same time, h'F,;, has shown a substantiel increase. The interesting
feature observed in this study (Laan, 1970) is the formation of fy By 5, which is not observed In
the present atudy. This feature is observed only at stations whose magnetic dip angles are
< 10° N (Laan, 1970 end references therein).

Summary

The digitel ionosonde measurements during the solar eclipse event observed on 24th
October 1995, have revealed that the clectron densities in the lower F-reglon (F|) are more
reduced {50%) when compared with those (20%) of upper F-region (F;). The criticel
frequencier of both these layers showed s damped type of oscillations. The minimum virtual
height of the F-layer showed prominent wave-like osclllations which are found to be more
significant between 3 to 4 MHz, The general occurrence of sporadic - B (Bg) and E-layer was
not seen on this day.
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