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Abstract
The lunar eclipse at Udaipur (27◦ 43’ 12.00” N, 75◦ 28’ 48.01” E), India
was experimentally observed on June16, 2011 using ground based NaI (Tl)
Scintillation detector. We interpret such decrement of secondary gamma
radiation flux (SGRF) on the basis of obstruction effect produced by Earth
and Moon during lunar eclipse on radiation. Objective: To observe secondary
gamma radiation flux during lunar eclipse day on comparison to pre and post
eclipse days. Methods: For this experimental study we used ground based
NaI (Tl) Scintillation detector. The data files were stored in computer for thirty
minutes duration from 1.00 AM to 2.00 AM (Indian Time) on pre-eclipse normal
days June 14 and 15, 2011 as well as on post eclipse normal day June 17 and
also on eclipse day June 16, 2011. Finding: The analyzed data reveal significant
decrement of secondary gamma radiation flux (SGRF) on lunar eclipse day
about 6% on comparison to pre and post lunar eclipse days. Novelty: In this
experimental study first time we reported about 6% decrement of secondary
gamma radiation flux on lunar eclipse day on comparison to pre and post lunar
eclipse days.
Keywords: Lunar eclipse; cosmic radiation; reflected solar radiation;
secondary gamma radiation; obstruction effect by Earth and Moon

1 Introduction
Charged particles cosmic radiation travels at nearly the speed of light and coming
towards the Earth from all directions. Composition of such radiation is about 89% of
these nuclei are protons, 10% of helium, and 1% of others heavier elements (1). There
is another class of radiation called solar radiation (SR) corresponded with energetic
events on the sun. The cosmic radiation (CR) almost isotropically distributed and
propagates through space while arriving on the Earth (2). When both radiations reach
towards the earth atmosphere and strikes with atoms of the upper atmosphere of the
Earth then there is production of “secondary” radiation. This secondary radiation has
electromagnetic component which consist of gamma radiation, electrons. Produced
secondary radiation can be detected using appropriate detector on ground (3,4).

On 15th and 16th June 2011 Lunar eclipse was witnessed over much of Europe, much
of Asia, Australia, Africa, SouthAmerica, Pacific, Atlantic, IndianOcean andAntarctica
as shown in Figure 1.
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Fig 1.

Many scientist groups AnandaRao J.N. et al. (5), Bhaskar et al. (6), Bhattcharya et al. (7), Bhattcharya et al. (8), Chintalapudi S.
N. (9), Kandemir G. et al. (10), Nayak. et al. (11), Pareek et al. (12), Abdullah Al ZamanMD et al. (13) studied of radiation flux during
solar eclipses.

Pareek et al. (14) observed the variation of secondary radiation flux during lunar eclipse.
With the fact that during different celestial events happening in sky, modulate terrestrial secondary flux of cosmic and solar

radiation, ground based experimentally study was conducted to see the effect of lunar eclipse (June 16, 2011) on secondary
gamma radiation flux using scintillation detector.

2 Experimental Set-up and Observations
In this experimental study scintillation detector of Model 802 (Figure 2), make: Canberra Genie 2000 used to detect the
secondary solar gamma radiation. Photo multiplier tube (PMT) Model 2007P coupled with NaI (Tl) crystal 50 mm thick and
44.5 mm in diameter with high tension voltage supply model 3102D of 1100 Volts DC was used. Using amplifier Model 2022
negative signal of about 0.5 Volts was amplified to 5 Volts positive pulse. Finally, this signal was fed to multi-channel analyzer
1024 energy channels. This counter system was used to collect the counts as a function of time. In India lunar eclipse began
from June 15on 11.53 PM and ended June 16 on 3.32 AM. Maximum eclipse was on 1.43 AM in India. The energy calibration
was observed to be 2.0 keV per channel using standard radioactive sources Cs137. Data were taken from 1.00AM to 2.00 AM at
Udaipur, India on June 14, 15, 16 and 17, 2011. Normal days were on June 14, 15 and 17 and on June 16, 2011 there was lunar
eclipse day. In this whole experimental study the detector was pointed towards moon.

Fig 2.
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3 Analysis and Results

As depicted in the panels of Figure 3 the energy spectrum of SGR flux on pre-eclipse days (14th, 15th June), eclipse day (16th
June) and post eclipse day (17th June) in the energy range between 1 keV – 2200 keV were taken from 1.00 AM.-2.00 A M. of
duration of half an hour integrated data files.

Fig 3. (Panel of energy spectrum of pre-eclipse days, lunar eclipse day, and post eclipse day)

Table 1 represents the integrated counts on the pre, post and onlunar eclipse days of secondary gamma radiation flux from
time 1.00 AM to 2.00 AM
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Table 1.
Sr. No. Date Integrated Counts

Time 1.00 AM-1.30 AM 1.30 AM -2.00 AM
1 14 (Pre-Eclipse Day) 65351 66563
2 15 (Pre-Eclipse Day) 62229 62452
3 16 (Lunar Eclipse day) 58441 58978
4 17 (Post Eclipse Day) 59067 59451

Using Table 1 we made Figure 4 between date and integrated counts on pre-eclipse days (14th ,15th June), eclipse day (16th
June) and post eclipse day (17th June) from 1.00 AM.-1.30 and 1.30 AM – 2.00 AM. of duration of half an hour integrated data
files.

Fig 4.

Themaximum eclipse on date June 16 was on the time 1.43 AM so to see better result we added half an hour of data files of
1.00 AM -1.30 AM and 1.30 AM – 2.00 AM and it is representing in Table 2.

Table 2.
Sr. No. Date Integrated Counts

Time 1.00 AM- 2.00 AM
1 14 (Pre-Eclipse Day) 131914
2 15 (Pre-Eclipse Day) 124681
3 16(Lunar Eclipse day) 117419
5 17 (Post Eclipse Day) 118518

Using Table 2 we made Figure 5 between date and integrated counts on pre-eclipse days (14th ,15th June), eclipse day (16th
June) and post eclipse day (17th June) from 1.00 AM.-2.00 A M. of duration of an hour integrated data files.
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Fig 5.

Table 2 and Figure 5 clearly showed that on the pre-eclipse days 14 and 15 the integrated counts were 131914, 124681
respectively. On the lunar eclipse day 16 the counts were 117419. On the post eclipse day 17 integrated counts were 118518.
When average of integrated counts of all normal days 14, 15, and 17 were taken then integrated counts were about 125037.
Therefore, on comparison to this average count with lunar eclipse day16 June the integrated counts were decreased by 7618. To
see the variation in secondary gamma radiation on the lunar eclipse day we used the following formula:

% o f variation =
Average counts o f normal days counts on eclipse day

Average counts o f normal days
X 100

Using this formula on the lunar eclipse day about 6 % reduction in the counts of SGR flux on comparison to average counts of
normal days.

4 Discussion
In solar eclipse studies various scientist groups observed variation of radiation flux. Now a day’s Secondary radiation flux
variations during solar and lunar eclipses attracted attention.

Ananda Rao J.N. et al. (1967); Bhattacharyya A. et al. (1997); Kandemir et al. (2000); Bhattacharya. et al. (2010); Nayak et
al., (2010); and Bhaskar et al. (2011) studied of radiation flux during solar eclipses.

Abdullah Al Zaman MD et al. also studied of radiation flux during different types of Solar eclipses from 1990 to 2017.
Chintalapudi et al. (1997) observed decrease in radiation flux. He explained due to blocking of the Sun by the Moon during

solar eclipse variation of radiation reported.
During Partial Solar Eclipse of 4th January 2011 at Udaipur, India Pareek et al. (June, 2013) also observed decrement of

secondary radiation flux and gave the reason that during eclipse, the galactic cosmic radiations (GCR) and solar energetic
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particles (SEP) are obstructed by the moon. Solar eclipse occurred when Moon comes in between Sun and Earth. Therefore,
the Moon produced obstruction effect on solar and cosmic radiation.

Pareek et al. (May 2013) reported of variation of secondary cosmic gamma ray flux near 2.57 MeV energy during April 4,
1996 Total Lunar Eclipse and at energies near 1.31 MeV, 1.618 MeV, 2.57 MeV during July 16, 2000 Total Lunar Eclipse.

The studies of solar and lunar eclipses inspired us to conduct experimental study to observe secondary gamma radiation flux
during lunar eclipse June 16, 2011.

In this present experimental study, we observed decrement of secondary radiation during Lunar eclipse. Lunar eclipse
occurred when Earth comes between Sun and Moon. Therefore, in this case Earth and Moon produced obstruction effect
on cosmic and reflected solar radiation during lunar eclipse day on comparison to normal days.Therefore, we reported drop in
secondary gamma radiation flux about 6% during lunar eclipse June16, 2011 using ground based NaI (Tl) Scintillation detector.

5 Conclusion
During lunar eclipse, the Earth andMoon cuts radiations (CR and reflected solar radiation).Therefore, less radiations incident
on the atmosphere of the earth, and we got less secondary gamma radiation during lunar eclipse day (about 6 % cut) in
comparison with the average counts of normal days.
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