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The Magnetic Disturbance Field at Kodaikanal
A. THIRUVENGADATHAN
Astrophysical Observatory, Kodaikanal
(Recetved 23 July 1955)

ABSTRACT. The mametic disturbance field at Kodaikanal has been studied, using the data for the period
March 1950 to February 1954, As far as the horizontal magnetic field is concerned, it is found that the form of the
disturbance daily variation does not depend on the degree of disturbance. During equinoxes and winter solstices,
the disturbance veetor, 87, s at right angle to the Sy vector (quiet day diurnal variation) and is at an obtuse angle
to the S, veetor during summer solstice. Henee with increasing disturbance there i3 a pronounced varistion of the
phase of S (diurnal variation) vector, but the variation in its amplitude is small. This suggests that the phase, rather
than the amplitude of the variation may be a better criterion for determining the intensity of a disturbance. It is
also noticed that the storm time field too retains its form at various levels of disturbance. The variation in ths
vertieal furee is found to be too small to give any significant results.

1. Introdustion

Chapmoan (1918, 1927) made an exten-
sive study of the average characteristics of
magnetic disturbances and showed that
these characteristics do not differ in type as
the intensity of the disturbance varies over a
very wide range. Following the method
adopted by Moos (1910) for Bombay, he
found the difference between the diurnal
inequalities on quniet days and ordinary
(all) days and also between the diurnal
inequalities on quiet days and days of in-
tense magnetic storm for six stations at
different magnetic latitudes. The similarity
of the two curves showed that the dis-
turbance daily variation (Sp variation)
does not vary in form with the intensity of
the disturbance. By comparing the difference
hetween the mean values of the horizontal
intensity on disturbed and quiet days
(D.) with the difference between the mean
values of the horizontal intensity on quiet
and ordinary (all) days, he showed that the
form of the storm-time disturbance field,
too, does not depend upon the intensity of
the magnetic disturbance. Cynk (1939) uged
data from 14 stations. By plotting the mean
annual values of the H-component of D,
for the vears 1919-1933, he selected two
periods  1925-30 as years of greater mag-
netic activity and 1922-24 and 1931-33 as

years of lesser activity. Then he plotted the
mean anpnual values of the H-component of

D, separately for each group of years and

for all the 12 years at each observatory as a
function of magnetic latitude. The three
curves were similar and any one curve
could be transformed into one of the other
two by multiplying the individual value by
an appropriate constant, This demonst-
rated the independence of the disturbance
field due to D, of the intensity of the

magnetic disturbance. The purpose of the
present paper is to study the disturbance
field (Sp as well as D,;) at Kodaikanal
and to show that the form of the field is
independent of the degree of disturbance.

2. Data analysed and the method of analysis

The hourly values of the horizontal force
at Kodaikanal (10° 14'N, 77° 28'E) for the
period March 1950 to February 1954 have
been used for this analysis. The days are
classified into four groups depending on
their international character figures—
(1) quiet (character figure lying between
0-0 and 0-4), {+1) slightly disturbed (character
figure lying between 0-5 and 0+9), (#4%) modera-
tely disturbed (character figure lying
between 1-0 and 1-4) and (iv) greatly dis-
turbed (character figure greater than 1-4),
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The year is also divided into 3 seasons—
(@) equinoxes (March, April, September and
October), (b) summer (May to August) and
(¢} winter (November to February). For
each season, the average daily variation—
corrected for non-cyclic variation (Chapman
and Bartels, 1940)— for each of the above
four groups is determined. Again, for each
geason, by subtracting the average daily
variation for groups (iz) to (iv) from that for
group (¢}, we get the disturbance daily
variation (Sp) for (I) slightly disturbed
days, (II) moderately disturbed days and
(III) greatly disturbed days for the parti-
cular season. Similarly, curves showing the
disturbance daily variation for the other
two seasons may be obtained.

3. Horizontal magnetic force

(@) Disturbance daily variation—Figs. 1
to 3 show the Sy, variation for the horizon-
tal intensity for the three seasons, equi-
noxes, summer and winter respectively.
Curves 1 and II in each of the above figures
are similar to curve III, showing that the
form of the disturbance daily variation does
not depend upon the intensity of the dis-
turbance.

Figs. 1 to 3 have, in addition to S, ir-
regular variations as well. In order to re-
move them, the curves are analysed har-
monically. The phases are expressed In
local mean time of Kodaikanal. The re-
sults of the analysis are given in Tables 2
and 4.

Table 1 gives the harmonic coefficients of
the 24-hourly wave of the diurnal variation,
S.Itis found, in general, that the phase of the
first harmonic coefficient varies much more
with increasing intensity of disturbance than
the amplitude. The phase angle increases
with increased disturbance and the time of
maximum occurs earlier on disturbed days
than on quiet days. The amplitude remains
almost unaltered with disturbance during
equinox, decreases slightly in summer and
perhaps increases in winter.
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TABLE 1

Harmonic analysis of the diurnal variation, &
24 hourly ware

TABLE 2

Harmonic analysis of the disturbanece daily variation, §;,

24-hourly wave

Character figure

Slighty Moderately Greatly

T T T N . - .
~ -0 05~ 10— 13- disturbed disturbed disturbed
0-4 “0-9 1-4 2-0
Equinores Equinoxes
Amplitude, ¢, {y) 36-2 36:6  36-7 37-9  Amplitude, C; (y) -2-2 7-5 17-2
Phase, ¢, 278" 2817 289° 205° Phase, 356° 3° 15°
Time of maximam  11-3h  11-3h 10-7h 9-7h  Time of maximum 6-3h 5-8h 5:0h
Summer Summer
Amplitude, €, () 312 2000 26 26-6  Amplitude, Gy (v) 3-1 7-9 14-3
Phase, ¢, 279 252° 29¢ 307°  Phase, o, 57° 55° 38°
Time of maximum 11-4h  11-2h 10-4h  9-5k  Time of maximum 2.2h 2:3h 3:5h
Winter Winter
Amplitude, ¢y (¢) 257 27-2  26-6 33.8  Amplitude, Oy (y) 3.4 37 19-4
Phase. ¢; 279° 285 301°  313¢  FPhase, 347° 7° 0°
Time of maximem 11-4h  11-6h 9-9h 9-1h  Time of maximym 6-9h 5-8h 6-0h
TABLE 8 TABLE 4

Harmonie analysis of the diurnal variation, S

12-hourly wave

Harmonic analysis of the disturbance daily variation, S
12-héurly wave

D

-Character figure.

" 00- 0% 10— 15
‘B4 0:9 14 2-0
E‘qui;zozes
Amplitude, Cy (y) 20-9 206 193 12:3
Phase, g, 11g° 113° 115° 101°
Time of first .
maximum 11-1h  11:2h 11 :2h 11-6h.
Summer-
Amplitude, C, (y) 18-6. 176 ° 16-9 14-9
Phase, ¢, 109° 107° '107° 102¢
Time of first
maximum 11-4h  11-4h  11-4h 11-6h
Winter
Amplitude, Cy (yy.-13-0 13-4 124 4.4
Phase, 2, M3 115°  Me° 118
Timeo of frst
maximumn. 11-2h

1.2k 11:3h 1110

Slightly

Moderately

Greatly

disturbed  disturbed disturbed

Amplitude, C,y7(y)
Phase, ¢,

Time of first
maximum

Amplitude, C, (v)
Phase, o,

Time of first
maximum

Amplitade, C; (v)
Phase, @,

Time of first
mazinum

Egquinoxes
1:1 1-2

3° 304°

2-9h 4-9h

Summer

1.1 1.7
317° 301°
4.4h 5:0h
Winter

0-4 0-9
105° 310°
“4%h

11-5h

6-1
342°

3:6h
39
307°
4-8h
14
116°

11-1h
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Fig. 4. Harmonie dial for the 24-hourly component
of the diurnal variation, S

Table 2 gives the first harmonic coefficients
of the disturbance daily variation (S;)) for

the three seasons. It is found that in each
season the time of maximuma of the 24-
hourly wave does not vary appreciably with
increasing intensity of the disturbance. The
amplitude of the disturbance vector on the
days with character figure lying between 05
and 0-9 is very small. This agrees well with
the conclusion arrived at by Bartels (1932)
that up to a character figure 1-1 the syste-
matic variation of S with character figure 1s
very little.

Fig, 4 shows the harmonic dial for the 24-
hourly sine wave for the solar daily variation,
S, for the four groups of days separately for
each season. O is the origin, Q the point for
the quiet days, S for slightly disturbed days,
M for moderately disturbed days and D for
greatly disturbed days. OQ represents the
S, vector insign and magnitude and QD the
Sp vector. The points Q,S,M and D are found
to be collinear—within the limits of observa-
tional error, showing that the disturbance
vector Sp doesnot depend upon the degree of
disturbance. During equinoxes the Sp
vector is at right angles to the Sy vector and
reaches its maximum at about 6 hra loeal
mean time. During winter also, the two
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vectors are almost perpendicular. Hence, the
change in the phase is very much greater
than the increase in the amplitude of the
variation. During summer, the S vector is
at an obtuse angle to the S; vector. Hence
with increased disturbance (unless the dis-
turbance be extremely severe) the amplitude
of the diurnal component decreases.

It is the usual practice to consider the
range in the horizontal force during the
course of a magnetic storm as a criterion for
deciding the intensity of the storm. Table 1
and Fig. 4 show that the amplitude of the 24-
hourly wave does not vary much with distur-
bance during equinoxes and winter and
actually decreases with disturbance during
summer, though there is a pronounced varia-
tion of the phase angle with disturbance.
It bas also been shown by the author (1954)
that at Kodaikanal, evern on quiet days, the
amplitude of the 24-hourly wave wvaries
greatly from day to day, but the phase remains
constant. This makes one feel that at least in
Kodaikanal, except for very intense magnetic
storms, the phase, rather than the amplitude
of the variation may he a better criterion for
determining the intensity of the storm.

Tables 3 and 4 give the amplitudes and
phases for the 12-hourly waves for the S and
Sp variations for the four groups of days for
each season. As far as the S variation is
concerned, the amplitude of the 12-hourly
wave 18 about 50 per cent of the 24-hourly
wave. For the Sp variation, however, the
contribution of the 12-hourly wave is much
less  (less-than 20 per cent). Still, during
equinoxes and summer, the 12-hourly com-
ponent of the Sp variation is found ' to retain
its type at various levels of the disturbance,
During winter, however, the 12-hourly com-
ponent has too small an amplitude to give
any definite information.

" The disturbance daily variation at
Kodaikanal is found to be similar to the
corresponding variation at Bombay, deter-
mined by Chambers (1883). and Moos (1910),
The only noteworthy difference is that the
24-hourly component of :the Sy variation at
Kodaikanal during summer is found to reach
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TABLE 5 TABLE 6
Mean value of the horizontal force Mean valie of the non-cyelic variation
Character ) Ch_a.ra.ctel' L ; B
figure Equinoxes Summer  Winter figure Equinoxes Summer Winter
) () “(y) () (v) ()
e 0—yr4 39,430 39,417 39,451 0-0—0-4 496 +5-3 +6-6
De5—ti> 30,422 39412 30,442 0+53—0-9 +3-3 +2-3 +1-1
1+Q—1-4 39,413 39,399 39,421 1:0—1+4 —1-9 —3-0 —30
1-3—2-4 30,350 39,393 30,397 1-5—2+0 —149 —15:5 =821

its maximum value between two and three
hours local mean time, whereas at Bombay,
the 24-hourly component attainsits maximum
at sunrise throughout the year.

(0) Stornetime variction—In order to de-
termine whether the form of the storm-time
field is also independent of the intensity of the
disturbance, following Chapman (1927), the
mean value of the horizontal force for each
of the four divisions of the daysin each of the
seasons have been determined and are given
in Table B.Itis found that during all the
three seasonms, the mean value of the horizon-
tal force decreases gradually with increasing
disturbance, showing the independence of the
storm time field of the degree of disturbance.

It is known that, in general, the non-cyclic
variation for the horizontal force is positive on
quiet days and negative on disturbed days.
The mean values of the non-cyclic variation
for the four groups of days for the three
seasons are given in Table 6. It is found that
the non-cyclic variation falls gradually from a
high positive value to a high negative
value as the intensity of the disturbance
increases. This also serves as a confirmation
of the independence of the storm-time field
of the intensity of the disturbance.

4, Vertical magnetic foree

An attempt was made to study the varia-
tion of the vertical force in a similar manner.
But the variation is much less. The ampli-
tude of the first harmonic coefficients for the
solar diurnal variation, 8, and the disturbance
daily variation, Sy are of the order of 10y
(in winter it is only about 5y) and 2y res-
pectively. Since the scale coefficient of the
vertical force magnetograph isabout 11y/mm,
many more years’ data-are necessary before
we can arrive at definite conclusions regard-
ing the disturbance daily variation of the
vertical force. This observatory is likely to
get an Askania Earth Magnetic Recording
Station where the sensitivity of the vertical
forece magnetograph is expected to be of the
order of 1y to 2y/mm. Records obtained with
this instrument are likely to give very valu-
able information.
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