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Abstract

The occurrence of Total Solar BEclipse on October 24, 1995 provided an unique
opportunity to conduct some experiments using IR sun photometers in the spectral range 0.75
jm to 1.6 gm and 2.5 to 14.5 ym during eclipse at Nim Ka Thana (27° 47'N, 75° 47E) and
New Delhi (28° 39'N, 77° 13'E) respectlvely. The measurements have boen used to estimate the
amount of water vapour, ozone etc. A significant variation in IR solar irradiance at various
window wavelengths during the solar eclipse was observed, Also measurements ol temperature
and humldity were made on regular interval from 22nd to 26th October 1995. In the present
paper the experimental set up and results obtnined are discussed,

Key Words : Solar Eclipse, Water Vapour, Ozone, IR radintion

Introduction

The total solar cclipse is one of the many grand spectacles offered by nature, The
atmospheric conditions change during the solar oclipse due to transltory blockage of solar
radiation reaching the carth's surface. The measurement of solar radiation in IR spectral region
Is of great significance to understand the physics, chemistry end radlation budget of the
atmosphere. A large number of experiments were conducled during the last total solar eclipse
on Feb, 16, 1980 in India (Bhattacharryya 1990). The occurrence of Total Solar Eclipss on
October 24, 1995 agaln over India provided an unique opportunity to take some special solar
radlation measurements in the infrared spectral reglon. The experiments were conducted
during, after and before the total eclipse at Nim Ka Thana (27° 47'N, 75° 47B) and the New
Delhi (28° 39'N, 77° 13'E) in the spectral range 0.75 um to 1.6 pm and 2.5 to 14.5 pm
respectively using IR sun photometers, The date are being used to estimate the water vapour
(94 pm & 1.14 pum), ozone (9.6 um) and turbldity (1.01, 1.2, and {.58 um etc.). The
experiments were conducted in the premises of SN.K.P, Govt, College at Nim Ka Thana which
was in the totality path and NPL, New Delhi having partial eclipse of maximum obstruction of
95.75%. In the present communicetion the experimental set up and results obtained will be
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discussed In detail. The details of circumstances of solar eclipse at these two places are given
below.

Place Long Lat. Eclipss Totality Totallty Eclipse Duratlon
begins begina ends ands In sec.
IST IST IST IST of
h m a h m » h ms hms totality
Nim Ka 75°4TE 27T°4TN 07 2410 OB 3220 0833 10 09 50 30 50
Thana
Groateat
phaso obstruction
Delhi T7°13E 28° 39N 07 2458 08 3408 95.734% 09 52 23  —

Experimental set up

The solar spectrum observetions in the 0.8 um — 1.6 pm spectral range were made on clear
doys with a high resolution grating monochromator of focal length 240 mm (spectral
tesolution better than 0.1 nm). A heliostat was used to get solar radlation reflected in a fixed
direction in the laboratory. The golar radietion is chopped and focused by ZnSe lens on the
entmnce slit of monochromator, The signal 13 detected with the help of pyro-electric detector,
A signal output from the detector and the chopper reference frequency are fed to the signal
channel and the refercmce channel of the lock-in amplifier respectively. The synchronous
detection takes place in the [ock-in amplifier. The signal output from the lock-in amplifier 1s
directly recorded on the strip chart recorder. The systoms used to monitor IR solar spectrn
during the solar eclipse at NPL, and Nlm Ka Thana were slightly different.

Resulis and Discussions

The IR solar spectra obtained from October 22 to October 26, 1995 were used to gal
various atmospheric pammeters.

Temperature and Humidity

The ambient atmospheric air tempereture and relative humidity were measured during,
before and after the solar eclipse day from 23rd to 26th October 1995 at Nim Ka Thana, The
variation of temperature and humidity is shown in Fig.1 for different days. It is found that the
relative humidity increased while the temperature decreased during eclipse as expected. The
measurements were made using e digital temperature and hamidity sensor at 1 meter above the
second floor of SNKP college building. The actuoal termnperature drop from start of eclipss to
meximum phase was only 1.5°C. However the temperaturs difference around 08.30 hrs
(totality) on 24.10.95 and other control days was 6-8°C. The relative humidity increased by
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4% only during the eclipse period. However, the relative humidity difference on control day
and eclipse day around 08.30 hrs (totality) was found (o be 8-10%. The increase in relative
humidity is due to decrease in tempciature which is due to solar eclipse as they are reciprocally
related.

Temperature-Humidity
Solar Eclipse Oct. 24, 1995
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Iigure 1 1 Yauiation of amblent aimospheiic nir temperaturo und humidlty et Nim Ko Thena (Raj), Indla,
during (otal solar cclipse,

Water Vapour

The measurements of atmospheric waler vapour play an impottant role in the study of
climale und radiation budgel elc. The infra-red solar radiatlon absorptlon spectrum in the
spectral range 0.8 to 1.6 pm shows well documented absorplion band of waler vapour at 0.935
pm, 1.14 pm and 1,38 pm. The atlenuation of the IR radiaton at 1,14 pm band has been nsed
for estimation of water vapour during, before and after the solar eclipse at Nim Ka Thana, The
variation of water vapour estimated during control day and solar eclipse day Ig depicted in
Fig.2. The water vapour is although a highly variable constitucnt in the atmosphere yet a clear
indlication of decrease In water vapour is seon during the solar eclipse and was minimum at the
time of Lotality.
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DIURNAL VARIATION OF WATER VAPOUR
ON CONTROL AND ECLIPSE DAY

AT NEEM KA THANA
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Figore 2 : Dimnal variation of water vapour during total zolar eclipse (24.10.95) and control dny
(25.10,95) observed at Nlm Ka Thana (Raj), India.

Ozone

The ozone is a very important minor constituent in the atmosphere. One cannot think of
any kind of life on this planet in the absence of ozone layer in the atmosphere because it acts
as an umbrella and shields our planet fiom the harmful ultra violet-B radiations coming from
the Sun, Ozone has a very stropg abgorption band at 9.6 pm and the observations during the
partinl Solar Eclipse and control days In 2.5 um to 14.5 pm spectral range using the IR sun
photometer were used to estimate total column ozone at NPL, New Delhi as deplcted in Fig. 3.
No appreciable variation of ozone was observed during the total solar eclipse day as expectcd.
However it is seen that the total ozone on eclipse day was slightly less than that on control days.

IR Solar Radiation

Nim Ka Thana

The IR golat radiation was moesured in the spectral range 0.7 tc 1.6 pm from October 23 to
October 26, 1995. The varlation of IR solar radiation et 1.2 um and 1.01 pm on October 24,
1995 and October 25, 1995 is depicted in Fig. 4. It is found that IR solar radiation started to

decrease as soon aa solar eclipse started and was minimum during the totality and became
normal after the end of eclipse.
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DIURNAL VARIATION OF TOTAL QZONE AT
NEW DELHI BEFORE, DURINGQ & AFTER
S8OLAR ECLIPSE 1996
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Figure 3 1 Diurnal variation of Total Ozoune at New Delhi during solar ecflpze (24.10.95) and control daya
(23.10.95, 25.10.95 & 26.10.95).

VARIATION OF IR SOLAR RADIATION
ON CONTROL AND ECLIPSE DAY

AT NEEM KA THANA
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Figure 4 1 Varlation of TR Solar radlation at 1.2 #m and 1.01 #m on total solar eclipse (24.10.95) and
control daya 25.10,95 moasured at Nim Ka Thana (Raf), [ndla.
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NPL, New Delhi

The variation of IR solar radiation measured at NPL, New Delhl on October 23 and 24,
1995 at 9,72 pm and 9.48 pm is shown in Fig. 5. It Is found that IR radintion drastically
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decreesed during the sclar eclipss and waz minimaom during the maximum obstruction around
8.30 hours. The IR solar radiation reached its normal value at the end of the eclipse.

VARIATION OF IR SOLAR RADIATION
ON CONTROL AND ECLIPSE DAY
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Figure 5 : Variation of IR Solar mdietions at 9.48 ym and 9.72 ym during solar cclipgo (24.10.95) and
control day (23,10.95) measured at New Delhi.

Shadow bands

We tried to see the shadow bands by spreading 3 meter by 3 meter white sheet on the roof
of the SNKP college but we could not see any sign of shadow bands.

Solar Dust Ring

The existence of a dust ring eround sun has been shown by theoretical (Peterson, 1963,
1967 & 1969) and experimenial work (Debi Prasad, 1995, Rao et al., 1981, MacQueen ef al.,
1968 and Over, 1958). It has been suggested that enhanced infrared radiation observed doring
solar eclipse at e distance of 4R from the centre of the Sun is due to the sublimation of duat
grains as they spiral into Sun because of the Poynting - Robertson offect. However this
enhanced radiation wes not observed always, in some cases It was present while it was not
observed at other times (Russell, 1929). The observations were carried out to see the existencs
of dust ring during tolal solar eclipse at Nim Ka Thana monitoring IR radiation at 2.2 um
using IR Sun photometer. The observation shows some rediation on both sides away from the
Sun, but the signal level was very low and very difficult to draw any conclusion from our
observation regarding the existence of the dust ring eround the Sun. Also es the scanning
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across the solar disk was done manually, there may be an error in the estimation of distance
from the sun's center.

Acknowledgements

We express our sincere gratilude to Prof. E.S. Rajagopal, Director, NPL and Dr. K.K,
Mahajan, Head, RASD, for their encouragement during the progress of the work. Thanks me
also due to Principal and Vice Principal S.N.K.P. Qovernment College, Nim Ka Thana for

providing all logistic support to conduct experiments during solar eclipsc in the coilege
premises.

References

Bhaitacharya J.C. Indian J. Radio and Space Phys. 1990, 19, 525,
Doebi Pmsad C., Solm Phys, 1995, 159; 181,

MacQueen R.M. Astropliys. J. 1968, 154, 1059.

Over 1. Proc, Kon. Neder, Akad, Wetensch 1958, B 81, 74.
Petason A.W. Asirophys. J. 1963, 138, 1218,

Potoison A.W. Astraphys. J. 1967, 148, L 37,

Pelerson A.W. Astrophys. J. 1969, 155, 1009.

Rao U.R,, Alex R.K., Iyenger V.S., Knsiurdrangan K., Marar T.M.K,, Mathur R.8. and Sharma D.P. :
1981, Nature 289, 779.

Ruasell H.N. Astrophyalca J. 1929, 61, 49.



