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ABSTRACT, The degree of direct relationship between the quiet-day range in H at Alibag and solar
activity as depicted by sunspot number is examined for the period 1905 to 1960. Coefficients of cerrelation
and linear regression equations for the two parameters are given for the monthly mean values as well as the
yearly mean values. The coefficients of correlation obtained for the monthly mean values range from - 0-79
to -1-0-01, while that for the annual mean valuesis -0+98. The linear regression equation for the annual mean

values is YHq r = 31-5(140+007 YR)in %, where )'quis the annual mean quiet-day range in H and YR is

the annual mean sunspot number. The coefficient of YR obtained for Alibag for the period 1905 to 1960 is

comparable with earlier results of other workers.

The annnal variation of the coefficients a, b and their product ab ir the linear relation Mqu =a (1+bMR),

where .’lIHq rig the monthly mean quiet-day range in I and ME the monthly mean sunspot number, are

examined and discussed,

1. Introduetion

Several studies have been made on the sun-spot
cycle vari ation of the quiet geomagnetic
diurnal ranges. A summary of the earlier work
is given by Chapman and Bartels (1940). How-
ever, most of the relationships derived between
solar activity and diurnal ranges of magnetic
elements H, Z or D are based on records of about
10 years. Even Allen (1946), in his detailed study
of the subject, has used data of only seven years.
An exception to this is the recent study by
Appleton (1964), where a series of monthly values of
the quiet-day range in the geomagnetic ¥ com-
ponent over the vears 1938-—1959, relating to
SE England have been used. So far as the data
for the Indian region is concerned there have
been only two studies so far. The first is by
Chree using Bombay data over the years 1894
to 1901 and the second by Moos (1910) who studied
Bombay data and obtained the linear equation
connecting the annual mean smoothed summed
ranges (sum of the 24-hourly inequalities without
regard to sign) in /I and sunspot number :

Summed range = 2056 (1+4-2-22R)

As most of the studies have been based on data
for short periods, often less than a sunspot eycle,
it is considered interesting and valuable to exa-
mine the relation between the long and homo-
geneous series of H at Alibag (Geog. Lat. 18°
38'N, Long. 72°52'E, Geomag. Lat. 9-5°N, Long.
143:6°) and sunspot number over a period of
five sunspot eyecles (1905—1960). The extent of

the monthly and annual relationships has been
examined and compared with the results of earlier
similar studies. Incidentally the annual variations
of the average monthly quiet-day range in H
and of the monthly coefficients in the linear
relation between diurnal range in H and sunspot
number are also examined and discussed
2. Data and Results

The geomagnetic horizontal component K
has a large quiet-day range at Alibag and hence
this element has been selected for the present
study. The period of data used is 1905 to 1960,
The monthly mean quiet-day range in H, (MH ",
is obtained by averaging the hourly values of
the five international quiet days during the
particular month, correcting the average hourly
values for non-cyclic change and then taking
the difference hetween the highest and lowest
average _hourly values. The annual mean range,
(YHQ r) is obtained similarly by averaging all

the international quiet days during the parti-
cular year. The monthly and annual mean rela-
tive sunspot numbers, (MR and YR) have
mostly been taken from the cempilation b
Chernosky and Hagan (1958), ¢

The  correlation coefficient (C, C.) betwe
Mqu and MR for each month of the year (‘11;

shown in Table 1. In the same table, the C. (!
between Yqu and YR is also shown.,Tlnf C(‘E

are positive and very highly significant statis-

tically. For the annual values the regression  ig
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Fig. 1. Plot of yearly mean quiet-day in H, ( )‘qu ), at Alibag against yearly
mean relative sunspot number ( Y 22), for the years 1905 to 1960. The

straight line fitting the data is Y/ - = 31.5 (1-0-007Y &)

TABLE 1

Coefficients of correlation between the average quiet-day range in // at Alibag and the average
sunspot number for the period 1905 to 1960

Jan Feh Mu Apr May Jun Jul Aug Rep Oet Nov Dec Year
0-79 086 0 R7 087 0N 1e8s (82 0-91 1-88 82 4081 0-81 0-98
TABLE 2

Coeflicients « and / in the linear relationship, Range—« (1 - /), between the average quiet-day range in H at Alibag
and the average sunspot number for the period 1905 to 1960. The average monthly quiet-day
range in // and the average sunspot number for the period are also shown

Jan Feh Mar \n May Jun Jul Aug Nep Oct Nov Dae Year
a in gamnia 242 qoed Hien F3-1 ] 1G-3 18-3 -8 0n-3 387 e 256 1
b 104 30 %2 a8 ] . 62 +) 7! 75 2 | 08 70

Average
quiet-ilay
range in ~
H,(MH vy ?5-3 430 a1 S -7 S0 500 4400 44-8 500 46-1 24.9
1

Average
sunspot
number 07 5
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Fig. 2. Annual ‘variations of (1) the average monthly mean
quiet-day range in H, (Mﬂy r), at Alibag and (2) the coeffi-
cients, @, b and their product «b in the linear regression
equation between .-‘Lqur and monthly mean relative
sunspot number (M 1)

about linear with a high C.C. of +4-0-98. This
high degree of direct correspondence between
the two parameters may also be noticed in Fig. 1,
where plot of YH, r against YR is exhibited.

Linear regression equations of the form MH, r
= a (14-bMR) are obtained for each month of
the year and the values of the coefficients @ and b
arrived at are shown in Table 2. The relation
YH, r= a (1+bYR) is also derived and the
respective values of the constants are given in
Table 2. In the same table are also shown the

average values of MH, r and MR (average of 56
values).

Annual variations depicted by the monthly
coefficients @, b and their product, ab, as well

as the average values of MH, r are shown in
Fig. 2.

8. Discussion

Examination of the monthly mean and yearly
mean quiet-day ranges of the element, H, of

Alibag for the continuous series of years 1905 to
1960 has clearly shown a very good measure of
dependence of the parameter on the level of solar
activity, as measured by the relative sunspot
number. The C.Cs. for the different months of
the year range from -40:79 to --0-91 while
that for the year is + 0-98. The solar-cycle
control of the quiet-day range in H is necessarily
through the medium of the ionosphere, the inten-
sity of ionization and, therefore, also the conduc-
tivity of which are known to have a systematiz
direct correspondence with solar activity (Allen
1946, Scott 1952, Saha 1953, Ratcliffe and Weekes
1960, Appleton 1964 and Noonkester 1964),
signifying an increase in the intensity of solar
ultra-violet radiation with increase in solar acti-
vity. The linear relationship arrived at between
solar activity and the quiet-day range in H in-
dicates that for Alibag the value of YH, r for an
ideal year of no sunspots is 31-5 y and the addi-
tional contribution to this range with increasing
sunspots is of the order of 2:2 y for an increase
of 10 in the number of sunspots. The rate of in-
crease in YH, 7 for the lower range of solar activity
is, however, slightly greater than that for the
upper range of solar activity. Thus for the range
of annual mean sunspot numbers 0 to 50 the
increment to YH, r works out as 2-4y for an
increase of 10 in sunspot number, while for the
ranges of sunspot number 50 to 200 and 100 to
200 the corresponding inerements are respectively
2-0y and 1-8 y for the same increase of 10 in
sunspot number.

For purposes of comparison the coefficient,
b, in the linear regression equation between sun-
spot number and quiet-day range in H obtained
by different workers are given below —

Investigator Period  Station  Coefficient
bx 10%

Chree (23 reported by 1890-1900 Povlosk 94

Chapman and Bartels 1880-1809 Kew 104

1940) 1894-1901 Bombay 89
Allen (1946) (relative Apia, 178

8q a.(mplitude based 1037-1943 Watheroo

on H, D and Z) and Cape

Town

Yacob 1905-1960 Alibag 70

Appleton (1964) gives the value of 39 x 10-¢
for b in the linear equation in respect of sunspots
and the quiet-day range in the magnetic element
Y at Abinger and Hartland, while Moos (1910),
using annual mean smoothed summed ranges
(sum of the 24 hourly inequalifies without
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2.99

rogard to sign) in H gives it the value 2:22. The
parameters chosen for study by these two inves-
tigators are different from that used in the pre-
sent study and therefore, their results are not
directly comparable with those listed above. It
may be seen that except for the value given for
Kew the coefficient, b, for the other stations
compare reasonably well with cach other, even
though the periods of investigation and the sta-
tions are different. The value for Alibag has been
arrived at with a fairly long series of vears. It
should, therefore, be considered a typical index
of the solar-cycle control of the quiet-day range
in H.

It may be seen in Fig. 2 that the annual varia-
tions of the coefficiert, @, and the average MH, r
are strikingly similar with equinoctial maxima.
This similarity has to b> expectad, sing: both re-
present practically the same parameter: MH, »
represents average monthly quiet-day range for
solar activity corresponding to mean monthly
sunspot of about €0, while the coefficient, «
represents the :ame range for a level of solar
activity appropriate to zero sunspot number.
The produet of the coefficients. ab. gives the
specific increment in the average quiet-day range
with increase in solar activity, The annnal
variation of ab is somewhat different from
those of MH, r and a. Clear predominance
of a six-monthly variation with equinoctial
maxima is depicted. The annual variation
of the coefficient, b, however, does not indicate
equinoctial maxima. In fact the tendency is to
depict equinoctial minima.

The equinoctial maxima seen in the annual
variation of MH, r and the coefficient, a are us-
ually accounted for by the assumption that
some residual magnetic disturbance effects are
still present in the quict-day ranges of H. The
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magnitude of disturbance is known to exhibit
equinoctial maxima and, therefore, its presence
in the mean quiet-day values tends to produce
equinoctial maxima in MH, r as well as in the
coefficient. a. The prominent semi-annual varia-
tion of the product, ah, with clear equinoctial
maxima does indeed support this explanation.
The coefficient, b, which is the relative contri-
bution to the quist-day range by solar activity,
i. e., the increment due to solar activity when the
range is unity, however, depicts an entirely di-
fferent type of annual variation. Equinoctial
maxima are not observed. Geomagnetic distur-
bance being known to have direct correspondence
with solar activity, and to have equinoctial
maxima, the absence of equinoctial maxima
in the annual variation of A signifies that con-
tamination by disturbance may not be the entire
explanation to the phenomenon of equinoctial
maxima in MH, r. The cause could well be in-
herent in the pure Sg itself. According to the
atmospheric dynmo theory the magnitude of
the quiet-day geomagnetic variation is depen-
dent on the product of the conductivity of the
appropriate ionospheric layer and the prevailing
dymamo electric fiell. This product may attain
maximum magnitudes during the equinoxes if
as suggested by Appleton (1964), the two con-
tributing factors, namely ionization of the
conducting layer and atmospheric tidal oscilla-
tions are more nearly in phase at the equinoxes
than at the solstices. The plienomenon of equi-
noctial maxima in MH, r or the coeflicient, a, is
probably the combined result of a cause inherent
in the pure Sy itself and the effect of its contami-
nation by geomagnetic disturbance.
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