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ABSTRACT

The assoction between the lunar phases and the almospheric clectric feld has been investigated from the
superposed epoch anulysis of the long series of continuous data of the vertical electric ficld for Colaba, Bombuy (1§
SY¥N. 73 " 4%'E 11 mASL) for the period 19471966, Also Lhe perindicities in the aimospheric electric field have been
studted rrom the spectral analysis of the data. The study has imdicated that whea the full moon s willun 4 of the
ccliptic pline 1e., 8, 47 . the electric field peaks an the day of the tull moon followed by a steep faii 1n the field val
ves up 1o 4 days following the Full moon day and there after it showed a steep imerease. Also, the eleetric lield has ox
hihited =9 day periodicity and its multiples are nearly always present. The periodicity in the electric field carresponds
with the average time interval between the successive magnetic seetor boundury (M5B jerossings 1e., 7 days, On most
of the aceasions, the MSB crossing day is associated with a maximum of ane or more of the wavelengths derived from

the spectral analysis of the atmaspheric electric field
I. INTRODUCTION

In the search for physical mechanisms linking solar activily to weather. other possibly
obscuring influences with periodicities of lengths similar ta those of solar periodicitivs should
be considered (Herman and Goldberg, 1978). The lunar sidereal peried of 27.3 days, tor ex-
ample, is almost the same length as the average solar rotalion period of 27 days. There have
been many reports of lunar influence on weather (Markson, 1971). The lunar synedic period
of 29.5 days. from new moon Lo the next new moon, is considered Lo be a more appropriate
periodicity to study than the sidereal period measured wilh reference to the stars.

As several meteorological phenomena are known to be related to geomugnetic actvity,
there coubd be an apparent lunar influence on weather if the phase of the moon were in some
way related to geomagnetic activity. The idea that the phase of the moon might have an effect
on geomagnelic activiry seems to have been introduced by Wulf und Nicholson (1948}, who
found thal recurrent magnetic storms might be related to lunar declination. In 1964, Stolov
and Cameron. using rigorous statistical techniques, showed that the K, values consistently
decreased by about 4%. 7 days preceding the full moon and increased by about 4% al about
full moon phase and continued for anather 7 days. In 1965, Stolov wus able to show that the
lunar modulation of geomagnetic activity takes place when the Moon is within 4 “oor less of
the celiptic plane and within the tail of the magnetosphere. There was no apparent effect with
the Moon in its other phases. This led Stolov to postulate a physical mechanism for the lunar
modulation effect, and reiterated by Markson (1971). According to them, when the Moon is

lose to the ecliptic at full phase. it will be in the then newly discovered neutral sheet of the
nagnetotail. The neutral sheet, being inherently unstable, might be perturbed by the Moeon in
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such a way that magnetic field annihilation would accelerale particles towuard the Earth.
These particles. entering the ionosphere. could produce currents that would in turn perturh
the Earth’s magnetic and electric fields. Support for the above postulation and an amplifica-
ton of it have been given by Bell and Defouw (1966). Principal results of their superposed
epoch analysis of daily K,
K, for several days following full moon. within 4 ° of the ecliptic,

A number of theoretical studies have indicated that the geomagnetic lail should reach the
neighbourhood of the moon’s arbit or beyvond (Piddington, 1960. Axford. 1962: Dessler.
1954;: Dungey. 1965). Observations by the satellite IMP | support this expectation (Ness,
1965). IMP | observed the geomagnetic tail as far out as ils apogee distance of approximately
30 earth radii { about half the distance to the moon’s orbit). At this distance, the diameter of
the magnetosphere was found to be 40 earth radii. and the data guve no indication of an end

sums for the period 1932—1962 show significant enhancement of

1o the earth’s tail, which may therefore be reasonably assumed to extend as far as the moon’s
orbit Ness conchuded “the moon always crosses the earth’s magnetic tail and hence tuknar re-
lated phenomena in the magnetosphere and on the terrestrial surface can be expected”.

Studies relating to the association between the lunar phases and the atmospheric electric
field observations in the Indian region are not reported in the literature. Hence the above
study has been undertaken using the long series of continuous data set of the atmospheric
electric field available for Colaba, Bambay (18 ° 33N, 72 " 48'E, 11m ASL) for the period
1936—1966. 1t was also thought worthwhile to investigate the periodicities in atmospheric
electric field that may correspond to the rotation of interplanetary magnetic field. This study
is mastly statistical in nature. However, the results may have some significance in viewing the
problem in a new perspective which attempts to correlate the periodicities present in aimos-
pheric electric field with the co—rotating sector structure of interplanetary magnetic field. The
results of the above studies are presented below.

1. DATA AND ANALYSIS
(1) Lunar phases and atmospheric electric field

In the present study, aimospheric electric field data for Colaba, Bombay (18 ¥ 53'N. 72 ’
48°F. 11 m ASL } for the period 19361966 have been analysed with respect to the full moon
phase by the method of superposed epoch analysis. The full moon dates were taken from the
Nautical Almanacs published by Her Majesty’s Stationary Office {1936~1959) and Govern-
ment of India Press (1960-1966). The full moon days were classified according to the celestial
latitude B, of the full moon. withoul regard to the sign. The subdivisions were made as B,
1°,1° B, 2°.2° B 3" and B 4°

The atmospheric electric field data derived at four distinct hours every day te.. 0203,
08-09. [4—15. 20—21 hours IST were used for the study. The electric field data were published
by the India Meteorological Department and these dala are available only for the four dis-
tinct hours mentioned above. As the original recordings are not available. the present study
could only be undertaken with the avaitable data for the four fixed hours of the day. Use of
the data derived at the fixed hours of the day may avoid the possible effects of diurnal varia-
tion on the results obtained from the present study.
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(21 Spectral analvsis of elecivie field

Standard methad of speetral analysis has been used. 0-24Y wavelengths were taken with
a tuning of 0.02. Only that atmospheric electric field data which did not have a brezk of more
than two consecutive days were utilized for the analysis. Also, if the observations were miss-
ing on more than 30% of the days of any season, the data set for the entire seasomn wus re
Jected. Feor the data sets used for analysis,. missing values of atmospheric electric field were
substituted by the mean value of the atmospheric electric field for that particulir month.
Also. the extreme values of atmospheric electric tield recorded on days of disturbed weather
conditions were deleted from the data set used for the analysis. This would. by and large,
eliminate the possible lacal effects on atmospheric electric field arising out of exireme melteor-
alogical and environmental conditions.

The periodograms obtained from the spectral analysis of the atmospheric electric field
duta were examined to select wavelength ranges whoese normalized variance was greaier than
2.0. Wavelengths were categorized into the following groups (1} 5 days, (2) 59 days. (3)
10—19 days. {4) 2025 days. (5) 26—30 days and (6) 30 days.

[ RESULTS AND DISCUSSION

1 Lunar Phases aad Aimospheric Eleciric Field

The mean pattern of the normalized electric field variations during 4 13—day period
centered around the lull moon date is shown in Fig.1. The results show that in the & days pre-
ceding the full moon day. for which B, 4 7 . the electric field increases and reaches a peak on
the day of the full moen. There is a sieep izl in the values of eleciric ficld up 1o 4 days follow-
ing the tull moon day. after which the electric field rises again. The physical mechanism for
the observed increase in the electric field for the secondary maximum around 6 days following
the Tull moon are not clear. However. one of the possible explanations is given below.
Markson {1971) hypothesized that the magnetohydrodynamic wake of the Maon {analogous
to Earth's magnetotail) produced by the solar wind, interacts with the Earth’s magnetotail. or
perhaps. modulates the flow of solar particles to the tail. This lunar—perturbation
—uf-the—magnetolail hypothesis results in luner modulation of geomagnetic activity, The
above hypothesis is corrobarated by the resulls of the study by Stelov (1965) and Bell and
Defouw (1966). The study by Bell and Defouw suggests that the rise in ihe level af
gromagnelic activity a few days (4—3) after low latitude full moon could be due to lunar mod-
ulaton of peomagnetic activily arising from the interaction of the Moon with the Earth’s
magnetotail us explained by Markson (1971). Censidering that the above physical hypothesis
is possible. the increase in the electric field after the full Moon could be akiributed 1o the lunur
modulation of geomagnetic activily since geomagnetic activity is known Lo influence electric
freld.

The electric fleld variations for the four subdivisions of B are shown in Figure 2. The
electric field variutions Tollow the same pattern as in Figure 1 for all the subdivisions of B, .
except that there is a difference in the amplitude of escillation.
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Fig.l. Average pattern of superposed epoch analysis of fair weather atmospheric electric feld recorded at
Alibag on days Surrounding full moon as day zero (1936-1966).
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Fig.2. Superposed epach analysis of fait—weather atmospheric electric field recorded at Alibag on days sur-

rounding full moon as day zero {1936—1966}.
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2. Speceral Aralvsis of Aimaspheric Electric Field Duatu

The results of the spectral analysis of atmospheric electric field data are shown in Tables
1-4 and Fig. 3. .

The resulis indicate the presence of periedicities of 5 to 9 days and its multiple:é in almost
all the sets of data analysed (Tables 1, 2, 3, 4). Since the interplanetary magnetic field in gen-
eral. has four seclors corresponding to one complete rotation interval of the sun (about 27
days), the average lime interval between any two successive sector boundary crossings is ex-
pected to be about 7 days. This period is almost the same as the periodicities found in the elec-
tric field. Figure 3 shows a representalive periodogram. The 5-9 days periodicities and its
multiples are seen with slight shift towards smaller or higher wuvelength. This wavelength
shift may be due Lo varying time intervals between the successive MSB crossings.
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Fig.3. Periodicities {in days) observed-in the electric field data recorded at Alibag.

Further, the atmospheric electric field data were also examined 1o see whether any of the
wavelength maxima occurred within 1 2 days of any MSB crossings. On most occassions it is
found that MSB crossing day is clearly associated with the time of occurrence of the maxima
of one or more of the wavelengths derived from the spectral analysis.
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Table 1. Significant Periodicitics (in Jayst at less than 5% significance Leve! for Winler (November—Fobruarvt tur

the 4 Fised Hours of Obbservation

Yeur 3 days | 3-9 days I=19 days 20-25 days | =30 days 0 oday
1936 1 sk ' e s
1937 2 s VRS
(03¢ 1 7 BT 27 s
o4 | 14 B o - Al o
1942 13 25 -
1943 T sanaae 25 o 0RSLI265T0
T roas N 20 [ saresa
1947 43 8.0 2
104 2 65 o W | ol
o9 10,15 ) - o n
s 17 1T o1 — "
s | 11,16 Sese
wse | 1 so3is
s | 43 s | woas | 30,114,152.51
1953 0 0 AL
s 423 | ed | | 9. an
1964 2.1 9.3 10,11.12 2 150
T 1983 7 15.10 58,43 4750
e 3 | 0 e ] I Y
Table 2. Same as Tahle | far Pre—maonscoon (March—May)
Year J A duys [ 379 days | 1019 days | 20-25 duys | 2030 days 30 days
1936 14 WETIIG
1937 23 1 [ 99
| I 2 Dy
10.19 B i
4 14 WITeASTR
3 e | | E6Sy
3 6 i N
Lz 3 w9 15.14 Casimanisl
1951 57 n o 61264y -
1ese > er \ s ey
T | e | ose T s T
T luse W9 (716 S VY
e | T O msass
1962 3 2 o 1.3 27 133 -
TS 14 v B
1906 s 19 25 7 SR




No.2 Poonam Mehra 245

Table 3. Same a» Table 1 for Monsoon (June—August}

Year 5 days 5-9 days | 10-19 days | 20-25 days . 26-30 days 30 duys
s 3 5 ' I T R E P
RS 2 7 3876

oW | 4 y 14.10 b 123

194 3 11 2 4548

194 E ; ' Y
o Ii‘J“';‘A - ’ 3 ’ 131

1941 3 6.5 17 2324 T 61.66,50 -

1966 3 28 37.70.81.83.7%

Year 5 days 5=9 days | 10-19 days | 20-25 daws ' 26=30 days | 30 duys
DD ‘ 12.19.00 0 K
1927 5 13 i 91
TS 3281
1940 ' o 52
T 5 o 20.21 86,93
1948 3 13.16 55.74,44
S T 5 S
1953 3 5 I 2 w0 4
1955 E 7 - I
1956 4 9 8386
154 4 500 s 128
T 5 RE 45,9553
Y 78 . 1 g6 83
e 7 T ' u
1966 T Th 12 | ) $4.32.41

V. CONCLUSION

The study of the response of the atmospheric electric field to lunar phases and
periadicities of almospheric electric field suggests the following:

{1y For B, 47 .the atmospheric electric field reaches a peak on the day of the full moon
after which there is 1 steep fall in the field values up to 4 days following the full moon, fol-
lowed by a steep increase in the atmospheric electric field.

(2} Periodicities of 5-6 days and its multiples are nearly always present. This period is
almast the same as the average lime inlerval between two successive seclor boundary eros.
sings i. ¢., 7 days .

(3) On most occassions it 15 found that MSB crossing day is clearly associated with the
time of occurrence of the maxima of one or more of the wavelengths derived from ihe spectral
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analysis.
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