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Some features of magnetic elements at Trivandrum and
Annamalainagar, situated near the geomagnetic
equator in the Indian Peninsula
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ABSTRACT. The 8g diurnal variation in H at Trivandrum and Annamalainagar are found to be large com-

pared with those at Alibag. The quiet day range in H at Trivandrum in the month of March is abnormally large.
Though the 8g variations in ¥ at Trivandrum are not abnormal they are larger than those at Annamalainagar and

Alibag,

The response of the H elements to disturbance at Trivandrum, Annamalainagar as well as Alibag are similar
in sense. But the V element at Annamalainagar shows a difference in its response to disturbance. When the ¥
elements at both Alibag and Trivandrum show an increase in numerical magnitude the ¥V element at Annamalaina-

gar shows a decrease and vice versa.

When the magnitudes of disturbance are examined they are found to be almost the same in the H element at
all the observatories (including Alibag) during night hours, But during the day the magnitudes of disturbance in H

element at Trivandrum and

namalainagar are always greater than that at Alibag, a station away from the

geomagnetic equator. Effocts of disturbance in the ¥ element are greatest at Trivandrum both during the day as

well as the night.

The lines of force of an average disturbance field in a longitudinal plane over the region of the Indian Peninsula

appear to be smooth curves with their concave side turne

upwards, their turning points occurring between

Annamalainagar and Alibag during the day and close to Alibag in the night.

1. Introduction

The large diurnal range in H around the
region of the geomagnetic equator as
shown by the records of the Huancayo
Observatory has necessitated more mag-
netic observations in the region. The Colaba
Observatory, as part of its IGY programme,
set up two magnetic observatories, one
slightly north and the other slightly south
of the geomagnetic equator. The ohser-
vatories have now been functioning for
several months. It is the purpose of this
paper to examine the records so far ob-
tained, with respect to the Sq diurnal varia-
tionin H and V and the field intepsities at
the observatories due to disturbance field
fluctuations caused by particle radiation.

2, Location of the observatories

One of the observatories is located at
Trivandrum and the other at Annamalaina-
gar (Chidambaram). Their geographic
and geomagnetic coordinates are given in
Table 1 along with those of Alibag and
Huancayo observatories for comparison.

In its location, Trivandrum observatory
has a similarity to that of Huancayo ob-
servatory. Though Huancayo has a south-
ern geomagnetic Jatitude as shown in
Tablz 1, absolute values at the place give
it a north magnetic latitude, the vertical
component of the permanent magnetic
field being positive. The following facts
are of interest —

(z) Trivandrum is located north of the
geographic equator and south of the mag-
netic equator, just as Huancayo is south of
the geographic equator and north of the
magnetic equator,

(¢7) Trivandrum is as close to the mag-
netic equator as Huancayo is. They are
both almost on the magnetic equator,
the former being very slightly south and
the latter very slightly north of it.

3. Instruments at the observatories

The instruments used for recording the
variations of the magnetic elements at -
Trivandrum and Aopnamalainagar are
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TABLE 1

Geographic Geomagmetie
Observatory ——— —

Lat. Long. Lat. Long.
Trivandrum 8P2¢N  TO°S0°E  0°53'S 145°507
Annamalainagar 112N  70°42E  1°26'N  149°42°
Alibag 138N T5PE 930N 143°3¢
Huancayo 12°903’S  73°20'W  0°36°S  353°48’
the Askania Geomagnetic  Variometer

Stations. They consist of H, V and D
variometers, all the three recording on
the same photographic paper. The scale
values of the variometers are determined
with the help of Hehnholtz coils fixed to
each wvariometer and these are determined
at intervals of a fortnight.

A set of QHM and BMZ is used for deter-
mining absolute values. Absolute mea-
surements are made daily.

Table 2 gives the mean absolute values
of H, V and D. For comparison, those at
Alibag are also given. The values are
characteristic of the region. H is very high
and V is very low. V at Trivandrum es-
pecially is very small being only about
—400y. This gives an idea of the closeness
of the observatory to the magnetic equator.
The vertical force at Trivandrum considered
with respect to the north-seeking end of
a magnet is directed towards the zenith
(appropriate to its southern magnetic
latituds) and that at Annamalainagar is
directed towards the nadir. Therefore,
having regard to the wusual convention of
signs, V at Trivandrum is negative and
that at Annamalainagar is positive.

The declination at both the observatories
are westerly and of magnitude of about
4, Diurnal variation of Sg fleld

The large diurnal variation in H near
the region of the geomagnetic equator in
India has been indicated by Pramanik
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TABLE 2

Mean absolute values (from absolute observations) at
Trivandrum, Annamalainagar and Alibag for the
period October 1957 to January 1958

Magnetie Trivandrum Annamalai- Alibag
element nagar

Horizontal 40092 406153 38695
Foree (¥)

Vertical — 413 3841 17716
Foree (v)

Declination 2251'27"W 2°46" 32°W 0°47'5T"''W

and Hariharan (1953), but exact magni-

tudes involved have come to light only
with the examination of continuous records
obtained at Trivandrum and Annamalai-
nagar. The Sg field variation was computed
from the hourly values of H and ¥ for the
months of December 1957, March and June
1958 using the values of five quiet days.
For the months of December and March,
the International Quixt Days are used.
The 1.Q. Days for June 1958 had not been
made available at the time of this com-
putation and thersfore five selected quiet
days were used. In working out the Sq
diurnal variation the non-cvelic variation
was allowed for by applying the appropriate
corrections, The diurnal variations may be
seen in Tables 3(a) and 3(b). The variations
for Alibag have also been given. Their
oraphical representations are given in Figs,
1{a) to 1(c) and 2(a) to 2(c). The following
features may be noticed.

(1) Th2 Sq dinrnal variation of H is lar-
gest at Trivandrum for all the months
considered. Tt is least at Alibag. This is true
for the solstice months  (December and
June) as well as for the equinox month
(March). The quiet day range in H for
March at Trivandrum is  extremely
large, being of the order of 180y.
That for Annamalainagar is also large
though not so large as at Trivandrum.
The range at Annamalainagar for March
is 130y, and at Alibag it is 75q.
It is seen that the quiet day range in H at
Trivandrum is more than double that at
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TABLE 3(a)
Hourly variations () in /7 of the Sy field at Trivandrum, Annamalainagar and Alibag for December 1957,
March 1958 and June 1958, representing the solstice months and the equinox month
December 1057 March 1958 June 1958
Hours - 7 - ~ —— —— — A - 5
Trivan- Anna- Alibag Trivan- Anna- Alibag Trivan- Anna- Alibag
(GMT) drum malai- drnm malai- druni malai-
nagar nagar nagar

0 —440-3 =275 —I15-3 — 462 —33-0 —I8-4 — 40-5 —30:5 —23-4

1 — 354 —21-1 —15-1 — 48-9 —29. 2 —15-3 — 34-8 —2.g —I86

2 —17:6 — 58 — 5.5 — 32.9 —14-2 —13-4 — 24-7 — 03 — 74

3 + 11 + 8-7 + 0-5 - +~16-4 — 03 + 8- _23-1 L11-4
4 +30-7 L27-2 +10-4 - 7.2 —69-1 L0-5 1 35-6 24 1356
3 4547 +39-1 204 + 96-4 4977 4474 4 87-1 T4 4555
6 +65-8 +4%-8 +31-4 +125-9 +93-8 +54-4 +100-3 1-82.9 4-60-3

7 L69-7 +50-4 +34-1 +112-2 L 764 +33-7 + 97-3 784 4593

8 +66-0 +43-7 +26:9 + R2-9 =515 1404 L 759 51-0 4-48-0

9 4563 +30-1 + 166 + 44-0 4204 +25-5 + 50-3 +-29-9 +32-8
10 4405 +20-4 4132 + 23-1 + 64 +11:3 + 17:8 + §8-5 +14-4
11 +19-0 + T4 -+ 39 + 10-8 — 1-5 — 0] — 5.4 —10-9  — 4-§
12 404 =20 — 07 — 08— 49— 4D S, b . [ —17-6
13 —14-3 — 85 —1-3 — 157 =144 — 3-7 — 22,5 —31.7 _18-9
14 —22.9 —15-4 — 36 -— 20-0 —24+9 — 81 — 24 __9R. T —19-6
15 —24-3  —16-0 — 4.8 — 338 —28.0 _—]2-6 — 812 —28.2  _90.4 !
16 —24:0  —15-9 — 62 — 360 —209-3 —15-0 — 33-5 -29-7  —21.7
17 —24-8 —16-3 — 83— 39.5 341  —3].2 — 366 —31-5  —25.0 -
18 —27:§  —19:7  —11-3 — 483 —37.0 —23.7 — 36:9 —381.6 —24.5
19 286  —20.0 115 — 4R48  =—37-1 —34.9 — 353 205  —23.9
20 —32:0 =246  —15-1 — 4749 =360 —23.7 — 344 982  _9].-
21 —34-4 —25-9 —17-8 — 475 —33+0 —22.8 — 8§45 —98.3 —91-8
22 —36:9 —28+5 —15-6 — 49-8 —37-6 —25-2 — 36:5 0.1 —93.1]

23 —383 —98.-6 —I9.2 — 473 —35.0 —21-4 — 381  —30-4

L
(5]
-3




TABLE 3(b)
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Hourly variations (v) in V of the Sy fleld at Trivandrum, Annamalainagar and Alibag
for December 1957, March 1958 and June 1958

» Duceni)fr 1957 'M;a.rchJL 1958 June 1958
Homrs ’ 2 A, Y
Trivan-  Anna- Alibag Trivan-  Anna- Alibag Trivan- Anna- Alibag
(GMT)  drum malai- drum malai- drum malai-
nagar nagsr nagar
~
0 + 76 +12-6 — 27 + 8-0 4-16-2 + 4+5 + 4-3 ~+12-8 + 8-4
1 4+ 80  412:6 — 1-1 + 75 4220 4+ 75 — 48 416-8 4181
2 + 03 + 8-9 —1-3 + 0-3 +21-2 +13-7 — 90 +19-6 +15-7
3 — 9-9 + 3-4 + 9-6 —16-9 +14-0 +10-0 —22-6 +18-1 + 7-8
4 —322.2 — 43 +14:9 —39-5 + 2-3 — 1-5 —33-8 + 0-4 — 4-3
b —30:3 — 7-2 +10-1 —060-3 —l17-3 — -6 —30-5 —14+5 —17-2
G —29-3 — 76 4+ 4-2 —34-7 —27.2 —16-3 —22-7 —20-3 —256-5
7 —22-6 —16+7 + 45 —20-6 —32-7 —16-6 —15:9 —24-8 —24-7
8 — 77 —28-9 + 3-0 — 66 —35-1 — 89 — 3-3 —23-4 —13-8
9 — 06 —30-8 —0-2 + 83  —30:0 — 0-7 + 37  —194 — 41
10 + 0-1 —22-8 + 2-1 + 68 —21-3 + 4-2 +13:6  —15-4 + 4-7
11 + 83 —11-8 + 1-4 +10-2 —13-0 — 0-3 +19-0 —11-4 -+ 5-8
12 +16-6 — 45 — 2-9 +10-3 — 47 — b5 +17-1 — BT + 2-4
13 +15-4 + 43 — 4:2 +12-9 + 0.9 — 63 +13-0 + 03 —1-1
14 +11-9 + 5-9 + 0-1 +15-0 + 3-2 — 05 +15-2 + 15 — 2-6
15 + 8-4 + 8-2 —1-9 +12-6 + 7-1 + 16 +13-3 + 4-4 — 1-8
4 16 + 61 490 —45 +10-7  + 94 4 0.7 + 93 +53 408
17 + 62 92 — 62 +12:3 4 89 4 2.7 192 455 + 36
4 18 + 52 +93 —69 +11-1 410-7 4 3-1 + 64  +63 + 39
19 4+ 88 4104  — 51 + 93 1107 4+ 4.2 + 30  + 85 4 4.0
20 + 565 + 94 — 44 + 80 4125 4 8.7 4+ 21 4 88 4 4.7
21 + 60 + 94 —39 + 76  £13:0 L 4.3 420 4+ 80 4 47
22 + 6-7 + 9:8 —2-1 +-10+0 +4-12:8 + 31 + 5-1 4 8.9 1 4.7
23 + 76 4110 — 17 + 73 4156 4 3-4 + 54 192 151

Nore—TFigures for Trivandrum (where V' is negative) are variations fro
the vertical force, Thus, if at 1 hr GMT the variation is -8y,

m the numerical mean value (M) of
the value of ¥ at this hour is— (M4 8)y
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Alibag. The diurnal range in H increasing
abnormally as the magnetic equator is
approached, is thus corroborated by the
observations at Trivandrum and Anna-

malainagar.

(/) At Trivandrum and Annamalai-
nagar, for the thres months considered,
the variations are largest in the month of
March and Jleast in Deccmber. At Alibag
while the variations remain least in De-
cember the maximum variations  occur
in June. In December, the sun being in
the region of the Tropic of Capricorn zenith
angle of the sun at noon is large for all the
three observatories. The noon zenith angle
of the sun is least (for the three months
considered) in March at Trivandrum and
Annamalainagar and in June it is least af
Alibag. The dependence of the Sg diurnal
variation in H on the noon zenith angle of
the sun is thus clearly brought out by the
graphs in Figs. 1(a) to 1(c).

(#%) The local time effect has also been
shown up by the variation graphs. The
peak variations and the change from negative
to positive variation in the morning hours
as well as the change from positive to nega-
tive variation in the evening all occur at
about the same time at the three observa-
tories. Since the local times of the observa-
tories do not differ by more than 30 minutes
the Sgq variations of H may be cousidered
to vary according to local time.

(iv) The Sq diurnal variationin ¥ at the
three observatories (Figs. 2a to 2¢) as in the
case of the H element, is the least in the
month of Decerzber and largest in th n.onth
of March for Trivandrumn and Annamalai-
nagar and in June for Alibag. Here again
the dependence of the variations on the
noon zenith angle of the sun is shown clearly.
Ths Sg variations are large for the month
of low zenith angle of the sun at noon and

vice versa.
(v) As in the case of the H element the

range in ¥ is largest at Trivandrum for
all ths months considered. It is especially

A, YACOB

striking for the month of March, when the
range is 63y. Corresponding range in ¥
at Anpamalainagar is 58y. The maximum
range for Alibag (in June) is 44y. Ranges
in ¥ for Alibag are the least for all the three
nonths,

(v?) Anin portant feature seen in Figs. 2(a)
to 2(e) is that the maximum variation
in V, unlike the variations in H, do not
occar at the same tirie at the three observa-
tories.

5. Effects of disturbance on the magnetic elements,
Hand V

When the magnetic elements at the
observatories  (Trivandrum, Anpamalai-
nagar and also Alibag) are examined for
their response to disturbance cavsed by
particle radiation a difference is met with.
At Alibag a rise 10 the magnitude of H is
geuerally associated with a decrease in
the magnitude of V and vice versa, during
quict as well as disturbed perieds. The same
feature is observed at Trivandrum as far
as the numerical magnitudes of the elements
are concerned. The H and FV eloments
at Annamalainagar follow this rule only
during quiet periods. During disturbance
the H and ¥V elements are observed te
respond in unison, t.e., an increase in H is
associated with a similar increase in V.
The magnetic elements at Annamalainagar
appear to show a difference in field variations
due to wave radiation and those due to
particle radiation.

In Figa. 3(a) to 3(c) are reproduced the
magretograms of Alibag, Trivandrum and
Annamalainagar for 5-6 Febrvary 1958.
Tt may be clearly seen that the quiet period
field changes are similar for all the observa-
tories, During periods of disturbance (the
bays for example), at Alibag and Trivan-
drum a deprestion in H is asscciated with
an enhancement in ¥ (numerically for
Trivandrum) and vice versa. At Annamalai-
nagar, on the other hand, dvring disturbanece
a depression in H is asscciated with a similar
depression in ¥ and an enhancev.ent in
H is associated with an enhancement in
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V also. This feature is very striking when
individual disturbance field fluctuations like
sudden commencements, bays, sudden impul-
ses ete are examined.

If the magnitudes of H and V elements
at the instant of commencenent of a sivulta-
neous disturbance fluctuation are H,, H,and
Hy and V,, Vy and V4 at Trivandrum,
Annamalainagar and Alihag respectively
(V,directed upwards and I, and T, direeted

downwards) and il the simultaneous fluctua-
tion enhances the magnitudes of the H
elevents to H,+ A Hy, H,+AH, and
H,+ A\ Hj, the magnitudes of the V elements
are then obgerved to he V,—AV,, directed
upwards at Trivandrum, V,+ AV, directed
downwards at Annamalainagar and Vz—
AV, directed downwards at Alibag. The
magnitudes of the disturbance field, thus
turn out to be -+ AH,, + AH, and + AH,
for the horizontal components and + AV,
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+ AV, and — AV, for vertical components
atthe three observatories respectively. If the
effact of the disturbance is to reduce the
magritudes of H at the observatories then
the magnitudes of the disturbance field
are observed to he —AH,, —AH, —AH,
for its horizontal components and —AV,
—AV, and + AV, for its vertical cornpo-
nents at the three observatories respectively.
In other words a simultaneous disturbance
fiald Auctuation having its horizontal compo-
nents directed northwards at the three
observatories has its vertical component
directed upwards at Alibag and downwards
at both Annamalainagar and Trivandrum.
Similarly a fluctuation having its horizontal
components directed southwards at the
thres observatories, has its vertical compo-
nents directed downwards at Alibag and
upwards at Annamalainagar and Trivan-
drum.

The hehaviour of the magnetic elements
H and V at Annamalainagar during dis-
turbance has been ohserved to occur at
Kodaikanal (Lat. 10°.14 N, Long. 77°.28 E)
also by Sivaramakrishnan (1956) while
examining sudden commencements,

In order to examine the feature in detail
and to ascertain the field magnitudes ab
the observatories due to disturbance, some
disturhance fluctuations like sudden com-
mencements, baye, sudden impulses, that
are known to be caused by particle radiation
were investigated and their horizontal and
vertical component fi2ld magnitudes were
computed. Fach disturbance fluctuation
was checked for its simultaneous occurrence
at the three observatories. The amounts
of increase or decrease in H as well asin V
for different disturbance fluctuations were
computed using the scale values of the
different elements. Tables 4 and 5 give
the wvalues of the horizontal component
(AH) and vertical component (A V) of the
disturbance fluctuations considered. AH is
positive when there is an increase in H
ordinate and negative when there is a
decrease in the ordinate. Similarly AV is
positive when there is an increase in ¥V
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ordinate and wvice versa. This holds good
for Annamalainagar and Alibag. For
Trivandrum, where F is negative and where
an increase of V ordinate means an increase
in the negative value of ¥, AV is positive
when the effect of the disturbance fluctua-
tion produces a decrease in V .ordinate and
vice versa.

All the disturbance field fluctuations
occurring during the night hours are grouped
together in Table 4. This is the period wher
the magnetic elements are not affected by
wave radiation and, therefore, whatever
disturbance occurs can be taken to be
entirely due to effects of particle radiation.
The disturbance fluctuations grouped in
Table 4 are mestly bay disturbances with
some sudden commencements and sudden
impulses. While examining these distur-
bances it was ncticed that the shapes of the
disturbance traces of H were identical for
all the observatories (Figs. 3a to 3c). The
disturbance traces of ¥ at Annamalainagar
were identical with those of H and at Tri-
vandrum the ¥V traces were exact mirror-
images of the traces of H. But at Alibag
the disturbance traces of ¥V very seldom
showed any resemblance to those of H.
The effects of disturbance in V during the
night hours were so small that their measure-
ment proved very difficult.

To bring out the difference, if any, in the
effect of disturbance on the magnetic ele-
ments during the night hours and the day
hours of the three observatories some dis-
turbance fluctuations occurring during the
day time were also examined. They are
grouped together in Table 5. The response
to disturbance of the ¥ elements at Alibag
was more marked during the day time.

In addition to giving the magnitudes,
with signs, of the horizontal and vertical
components of the simultaneous disturbance
field, that causes the magnetic elements to
be depressed or enhanced for a short duration
of time, the dip [tan-{(AV/AH)] of the dis-
turbance field as well as its total field AF
caloulated from the magnitudes of the
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TABLE 4
Disturbed-fleld fluctuations occurring during the night hours

TRIVANDRUM ANNAMALAINAGAR ALIBAG
Date Time A \ A A, —_
(IST) (@) (3) (e) (d) (a) (h) {e) id) (a) ) () ()
(LHy) (AVyy) AFy) (AHY) (ATVa) (AFd) (AHY) (AVsY) (AFyy)
NOVEMBER 1957
6 2350 +43-6 4554 52 70.5 +60-1 4314 28 G7-8 447-2  —I11'5  —14 486
16 2331 +22.4 40254 40 33-9 +26.5 132 %% 29.4 4251 —2:5 —f 25.2
19 0330 —10-2 —14-3 54 17-8 —15+1 —0-4 30 187 —12:6 447 <20 13-4
26 2022 —25-7 —41-3 53 488 —31+4  —I18-8 20 54.7 —33-3 +3-4 -6 353
26 2223 +33:7 4532 37 630 L3 L27.8 0 28 58.0 <35-1 4.0 8 354
29 0220 +20.0  +31-9 48 435 +34:0 L1388 22 37.5 +342 2.7 5 343
30 2041 —10-5 —I24 50 16-3 —12:0 -0 35 14.2 —11-7  +1-7 =8 118
30 2223 —9:2  —0.7 47 134 —l6 =57 28 12:0 —8:2 2.0 13 84
DECEMBER 1957
10 0238 +26:0 +37-4 55 455 +31-2 H13-7 24 34-1 +20-5 =20 —4 20.6
11 0350 4132 415-1 49 2001 4185 4 9.3 20 18-9 +16-9 nil 0 16:9
1} 1030 =372 =394 47 542 —43:0 —20:0 24 48.2 —43:8 —5 0 6 44.1
13 2040 4+20-1  +£21-0 46 29-1 +24-8  L12:7 27 27-9 4217 —i2 —18  22-9
15 1923 —45°4 65 46 650 —5%4  —21'0 21 573 —48-2 nil 0 48-2
19 2358 —16:5 —20-7 52 28.5 —2040) - 90 24 21-9 —17-4 . 0 17-4
31 2144 +48-7 =748 57 89-3 +37°5  4+27-3 25 63-7 +57-3 s 0 573
JANUARY 1958
1 0048 4+-48:6 4633 52 708 4560 4-26-0 26 621 +58-4  —7-0 —~7 53-8
1 0400 +43-3 61-5 55 752 +63-4  424-2 24 58+ +52:3 —9-0 —10 531
11 2151 + 97 +10-5 48 14-3 +12:7 4+ 6.6 27 143 4+ 96 —1:0 —6 9.7
14 0136 42000 425-4 52 32-3 4251 +15:2 31 20.3 +22.2  —50 —13 22-8
14 2235 —12-7 155 51 20-0 —15-6  —7-1 24 17-1 —12:7  40:5 =2 12:7
18 0038 +10-3  -13-2 52 16-7 +13-4 -+ 81 31 15-7 +4-11-8 —1-7 —s 11-9
19 0011 +2146  420-0 42 29-4 4267  415-7 31 30-1 +21-8 —5:0 —13 22.4
19 1905 +13-7  +417-2 51 22.0 F18-8 0 <1407 38 23-9 +20-9 —6-0 —16 21-7

(a) H-comporent of D-field; (b) V-component of D-field; (e) Dip of D-field [tan-*( AV/AH )]
in degrees; (d) Total D-field
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TABLE 4 (contd)

TRIVANDRUM ANNAMALAINAGAR ALIBAG
Date Time ~————— |~ T SETRY A
(I8T) (a) {b) (©) (d) (a) () @ @ (a) () © W

(A HLT} (AT (AFY) (A HET) (AVay) (Alay) (A Hyy) (A Vsy) (AFa'Y )

4 2230 —17-

4 2308 }14.2
10 0016 +26-1
11 0312 +-20-2

12 218, +43:0

L]

FEBRUARY 1958

—21-5 51 27-5 —23.9 —11-3 25 26.4 —I17-8 +6:7 =21 190
+17:1 50 22.2 +21-4 +13-7 33 25-4 +17-4 —-2:2 —7 175
+23-7 42 35-3 +30:9  +15-5 27 340 +20-5 —6:9 =13 30:3
+30-3 56  36-4 +27-7 F15-5 20 317 +13-5 nil 0 13-

B 0246 416-0 4218 A2 276 4+21-7 4133 32 254 4187 —2.7 —8 189
13 2330 4261 4-30-6 50 40-2 +30-8  +17-7 30 3535 4291  —4-2 —8 204

14 2121 +33-4 4431 52 545 40-90  424-53 31 477 4356 —47 —8 350

15 2127 13056 435-0 50 47-1 +36-9  +19-4 28 417 +32.1 —2.5 —4 32.2

1o 2211 +24:2 4271 48 36-4 +31-5  419-1 31 368 }26-5 —5  —10 26-0

18 2356 +13-9 4166 50 217 +15-7 488 20 180 +16:5  —47  —16 17-2

22 0138 4324 4826 45 48.0 +40-0  422-0 20 45-7 4356 —8:0  —14 367

22 0256 4347 856 46 49-7 +41-6  +22.0 28 47-1 +42:1  —4:0 — 5 42:3

MARCH 1958

3 2102 4159 43129 B0 20-5 4+21-4 4134 32 235-2 169 —5.2 17 177

4 0044 —33-4 —28-1 40 437 —37-2 —17-7 25 41.2 —36-0 nil @ 36-0

4 0200 4331 +38-0 50 5l-1 +40-6  +23.6 30 47:0 +37-8  —5-0 —8 381

10 2815 4196 4247 52 315 252 4150 31 29-3 200 nil 0 20:0 .
19 0008 +24-0 4336 53 41-8 +30-9 -16-1 28 348 +25:6 —4:2 —90 259

19 0442 +20-4  439-7 53 404 +36.7  +20-8 30 42.2 +34:3 427 5 34
24 2158 +24-9 4324 52 4049 443-4 4208 32 39-3 4205 —7-2 —14 30-4
25 2100 +49-5 031 52 80-2 4653 440-4 32 768 +56-4 —14-2 —14 58.2
25 2320 —36:8 —45-2 51  58-3 —47-2  —25-5 28 536 —38:6  +10:7 —=15 40-1
26 0422 —8:2 —12.0 56 145 —12:0 -85 35 147 —13-0 447 —20 13-8 "
30 2049 —I16-8 —22-0 54 27.7 —24-7 —l16:1 33 2045 —21-7 487 —22 23.4

2 1956 ~—20-5
5 0209 +24.7
14 2233 —11+5

17 0025 1+33-3

APRIL 1958
—26-9 53 33-8 —27-5 —I13.9 27 30-8 —18:2 450 —15 18:9

+31-3 52 30.09 420-3  414-7 27 328 429:0 —4:8 —9 20-4
_14-9 —8&7 30 173  —10-0 45 —24 110

&
=
@
&
=)
<

+38- 49 51-0 439-5  +21-7 20 45°1 +36-8 —6:3 —10 37°4

_(a) H-component of D-field; (b) V-component of D-field; (e) Dip of D-field [tan(AV/AH) ]
in degrees;  {d) Total D-field
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TABLE 5
Disturbed-field fluctuations occurring during the day hours

TRIVANDRUM ANNAMALAINAGAR ALIBAG
Date Time . A \ A ~ — A \
(a) (h) (e} (d) (a) (h) (c) (d) (1) (h) (r) (d)

(IST)
(ALY (AVy)  (AFw) (AHz) (ATy) (AF) (AHg) (AVyy)  (AFy)

NOVEMBER 1057

6 1400 —19-8 —16:2 389 25.6 —16:5 —0-9 3 185 — 60 L 2.7 -4 66
8 1008 —38.0 —43.3 48 58.2 —35:9 —6-6 10 365 — 77 + 27 —19 82
8 1236 —25:4  —30:3 50 195 —23-2 5.7 13 258 — 82 L #7 =30 106
10 1224 +26-4 +31-4 50 41-0 4265 41 9 28-8 412:5 — 4-7 —21 13-4
19 1020 +54:5 4+47-3 41 722 +45-5 +3-1 4 456 +15-1 —13-7 —42  20-4
26 1430 +42-0  +32:8 51 68-0 +38-8  +6-0 10 30-4 +155 — 6.1 —21  16-7
27 0650 —27-7 —=20-0 46 40-1 —31-7 =100 18 33.2 —12:5 4 6:7 —28 14.2
27 0934 —81-8 —87-5 47 110-8 —f5-6 —0-1 8 66-2 —18:5 +16-4 —42  24.7
27 1023 —f0-1  —88-3 40  91-n —52:0 —]2.2 13 53-4 —18:9 4 9.2 —26 21-0
DECEMBER 1957
1 1213 +61-2 4576 43 84.0 +60-4 +20:0 18 63:6 +43-5 —6-8 -9 44-0
5 1240 +26-3 +433-1 32 42-3 4-22.3 4 3.3 8 22.5 + 39 —6:0 —57 7.2
6 1018 4434 441 45 61.9 +32:8 + 7.0 12 335 + 87 —6:8 38 11:0
19 1506 +36-8 46-8 52 359:5 =37-5 < 0+6 1 375 +26-1 —4-1 — 0 26-4
JANUARY 1958
5 1116 4-56-3 <4459 30 72:6 4477 4+ %6 11 487 +17-9 —9+4 —28 20-2
b 1209 +26-8 +24-9 43 36-6 +25-4 4 86 19 26-8 4+ 87 —4-4 —27 9.7
30 1309 —80:4 —78:3 41 118-9 —83-6 —14-7 10 849 —34:4 +14-3 —23 373
30 1521 —27:1 —=15-1 20 31-0 —24-8 — 66 15 259 —14:0 448 —10 148

FEBRUARY 1938

] 1100 +50-3 4429 40 66-1 +44-1 + 82 11 44.9 +17-0  —8:7 —27 19:1

12 1429 +69-8 +83.0 50 108.5 +66-1 +30-1 24 72:6 +38-4 —8-7 —13  39-4
MARCH 1958

3 1500 +25-3 4-20-7 39 32-7 +22-7 +8:5 21 24.2 486 —6-4 —37 107

15 1213 —118:6 —116-6 45 166-3 —I113-6 —34:-0 17 1186 —30-4 +15-8 —17 52-8

15 1527 +49-5 +48-2 44 69-1 +43:6 +15-3 19 46-2 +21-5 —8-7 —22 23.2

21 1345 —f3-8 —(5:2 48 pl1:2 —b55:2 —15-7 16 57-4 —25:0  49-2 —19 275

(a) H-.component of D-field; (#) V-component of D-field; (¢) Dip of D-field [tan-1( AV/AH)]
in degrees; (d) Total D-field
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horizontal and vertical components AH
and AV, are also given in Tables 4 and 5.
By “dip” of the disturbance field is meant
the angle subtended by the direction of the
total disturbance field, AF, from the hori-
zountal asswming a separate existence for the
disturbance field,

The followirg features of the magnetic
elements during disturbance may be gleaned
from Tables 4 and 5.

(a) Features during the night hours

(¥) For any disturbance fluctuation the
magnitudes of the horizontal components
of the disturbance field are not much different
from observatory to observatory. But a
persistence of greater values for Annamalai-
nagar is noticeable. On a few occasions
AH values at Alibag are greater than those
at Annamalainagar. For all the instances
examined AH values at Trivandrum are
the least, though comparable with the values
at the other two observatories.

The signs of AH for any disturbance are
the same at all the observatories.

(#) The values of AV for any distvrbance
flustvation is seen to fall sharply from
Trivandrum to Alibag. For almost all the
cases exanined the AV values at Trivan-
dum are the highest. The difference in
the values of AV at Trivandum and Anna-
malainagar is appreciable, while those at
Alibag stand no comparison with the corres-
ponding values at the other two observatories.

The signs of AV for any disturbance
fluctuation are the same at Trivandrum
and Annamalainagar. The sign of AV
at Alibag on most of the occasions is the
reverse of those at the other two ohserva-
tories,

(1) The average dip angle [tan -1 AV]
AH)] of disturbance field at Trivandrum
is 50°, that at Annamalainagar is 28° and the
value at Alibagis —9°, These values for
the dip of the disturbance field are only
to be expected from the magnitades of V
at the different observatories.
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(tw) Magnitudes of the tetal disturbance
field AF at Trivandrum and Annamalai-
nagar are comparable. Generally the values -
are always a little higher at Trivandrum
than at Annamalainagar. Though AF is
always the least at Alibag, it is not much
different from those at the other two observa-
tories.

(b) Features during the day hours

(#) For any disturbance fluctuation the
magnitudes of the horizontal component
(AH) of the disturbance field at Trivandrum
and at Annamalainagar are comparable.
But the magnitude at Trivandrum is con-
sistently a little higher. This is the reverse
of what is seen during the night hours. The
magnitudes of A H at Alibag are appreciably
lower than those occurring at the other two
observatories,

As in the case of the night hours, the signs
of AH for any disturbance fluctuation
remain the same at all the observatories.

(#t) The magnitudes of the vertical com-
ponent of the disturbance field (A V) are
consistently higher at Trivandrum than
those at the other two observatories. The
values of AV are the least at Alibag. The
differences in the magnitudes from Trivan-
drum to Alibag are very striking.

The signs of AV are the same at Trivan-
drum and Annamalainagar but opposite at
Alibag. This feature is exactly the same
as has been seen during the night hours.

(17) The average dip angle [tan-1 (A V/
AH) ] of disturbance field at Trivandrum
isabout 45°, at Annamalainagar it is 13° and
at Alibag it is —26°. The dip angle at
Trivandrum does not show a marked change
from that occurring during the night hours,
but the dip angle at Annamalainagar shows
a sharp dzcrease from its night value. The
dip angle at Alibag shows an increase in
magnitude (nwmerically) from its night
value,

(iw) The magnitudes of the total dis-
turbance field AF ae consistently higher
at Trivandrum and they are Jeast at Alibag,
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The differences from observatory to observa-
tory are more marked than those occurring
during the night hours.

From the above facts it may be sesn
that though magnetic activity is of the same
order at the three observatories Jduring the
night hours, a tendency for greater activity
during the day hours at Trivandrum and
Annancaiainagar than at Alibag exists. The
horizontal element, espacially at Trivandrun:,
shows greater activity during the day hours,
This finding assumes great significance when
considered in the light of the note of Ferraro
(1954) regarding the assymetry in the nor-
mality of geomagnstic disturbance during
daylight and night hours near the geomag-
netic equator.

An important feature established fron:
the foregoing investigation is the difference
in behaviour of the ¥ element at Annamalai-
nagar during disturbauce from those at
Trivandrum and Alibag. ¥ at Annamalai-
nagar increases when the same element
at Alibag and Trivandrum  (numerically
at Trivandrum) decreases and wvice versq,

From the magnitudes of the dip angles of
the disturbance field at the three observatories
an interesting feature emerges. The dip
angles of the disturbance field decrease from
Trivandrum to Annamslainagar and in the
process of further decreasing towards Alibag
actually get reversed there. The dip angles
indicate the diractions of the total disturbance
fisld (AF) at the different observatories
and these directions are the tangents to the
lines of force of the disturbance field in a
longitudinal plane.

The negative sign for dip of the disturbance
field (/. F) at Alibag indicates that the
direction of the disturbance field is opposite
to those at Trivandrum and Ammama-
lainagar. If the direction of the total dis-
turbance field at Trivandrum-and Annama-
lainagar have a downward slope the direction
of the field at Alibag has an upward slope
and vice versa. A reference to Tables 4 and 5
will show that for disturbances producing
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enhancements in the magnitudes of the H
elements (i.e., horizontal components of the
disturbance field directed northwards), the
directions of the total disturbance field (/. F)
at Trivandrum and Annamalainagar have a
downward slope and that at Alibag an
upward slope. Similarly a disturbance
producing diminutions in the magnitudes of
the I elements (i.e.. horizontal component
of the disturbance field directed sonthwards)
the directions of the total disturbance field
Lave an upwaid slope at Trivandrum and
Amnamalainagar and a downward slope at
Alibag. This is the siguificance of the dip
angles being of opposite sign at Trivandrum
and Annamalainagar on one hand and Alibag
on the other.

The main dip angles of the disturbance field
at the different observatories are the angles
measured from the horizontal at the respective
observatories. If the same horizontal (say
that at Trivandrum) is taken for all the
observatories then the dip angles will have
to be corrected by amounts equal to difference
in the latitudes of the observatories and then
an idea of the lines of force due to disturbance
field, in space, can be formed.

In the night hours the mean dip angles are
50°, 28° and —9° at Trivandrum, Anna-
malainagar and Alibag respectively. If the
angles are measured from the Lorizontal for
Triv.ndrum then the dip angle at Anna-
maliinagar becomes 317 and that at Alibag
hecomes 1°, the difference in the latitudes of
Triv. ndrum and Annamalainagar being about
3° and that between Trivandrum gnd Alibag
being about 107 If 2 smooth curve is
drawn in a longitudnal plane across the
latitudes so that the tangents to the curve
make an angle 50° with the horizontal at
Trivandrum and angles 31° and 1° with the
horizontal (same as for Trivandrum) at
Annamalainagar and  Alibag respectively.
then this curve will represent a line of force
of the disturbance field in the longitudinal
plane and in space, since the tangents to the
curve are the directions of the disturbanco
ficld at the respoctive observatories, Thus
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Figs, 4 and 5. Lines of force in longitudinal plane over the Indian Peninsula, for an average
disturbance fluctuation oceurring during night (Fig. 4) and day (Fig. 5) hours

Arrows indicate direction of field for fluctuations producing enhancements in magnitudes
of the H elements of the observatories

TRV-Trivandrum, ANR-Annamalainagar, ALG=Alibag

we find that the lines of force of the distur-
bance field in the longitudinal plane are
smooth curves. The nature of change of dip
angles of the disturbance field from Trivan-
drum to Alibag make the concave side of the
curves turn upwards. Such lines of force
in space and over the region under considera-
tion are shown in Fig. 4. The portion of the
curve above Alibag is almost horizontal.

In the same way the lines of force due to
disturbance field may be pictured for the day
hours and this has been shown in Fig. 5.
During the day the mean dip angles are 45°,

13° and —26° at Trivandrum, Annamalaina-
gar and Alibag respectively and if they are
measured from the same horizontal as for
Trivandrum then the angles are 45° 16°
and —16° The curve is no longer horizontal
at Alibag. It takes a turn between Anna-
malainagar and Alibag and curves upwards
at Alibag.

I drawing the lines of force of the distur-
bance field in space it is assumed that the
total disturbance fields are approximately the
same at all the observatories, the difference
being attributed to differences in the induced
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parts of the field, The small differences in
longitude of the observatories are ignored and
the same longitudinal plare is supposed to
pass through all the three observatories.

The contours of the lines of force of the
disturbance field both for the night hours s
well as the day hours indicate that the dis-
turbance fields considered are caused by
currents flowing over head from east to
west or west to east. Thece current-flows
appear to occur almost above the region of
Alibag in the night hours and in hetween
Annimalainagir and Alibag in the day hours,
If this is really the case then the behaviour
of the V element at Ammamalainagar during
disturbance (increising m magnitude when
the V elements at Trivandrum and Alibag
show a decrease in numerical magnitude and
vige versa) is not an anomaly but as it should
be.

6. Conclusion

The following conelusions can he derived
from the above investigation—

(1) The Sy diurnal variation in H is
abnormally large near the region of the geo-
mignetic equator.

(2) Though the S¢ diurnal variatons in F
do not show any abnormality in the region
of the geomagnetic equator they are con-
sistently greater at Trivandrum than at
Alibag.

(3) The magnetic activity during night
hours appear to be of thesame order for
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Trivandrum, Annsmalainagar and Alibag.
But during the day hours a comparatively
greater activity near the region of the geo-
magnetic equator is noticeable.

(4) For any disturbance the [ elements
at all the three ohservatories respond in a
similar manner, 7.c., the H elements at all the
observatories either increase or decrease in
magnitude.

But the magnitude of 1" at Annamalaina-
gar increases when the |7 elements at hoth
Trivandrumand Alibag decrease in magni-
tude during disturbance and wice versa.

(5) The lines of force of the disturbance
field in a longitudinal plane over the region
of the Indian Peninsula appear to he smooth
curves with their concave side turned up-
wards, their turning points oceurring between
Annamalainegar and Alibag during the day
and close to Alibag during the night.

These findings give great importance geo-
magnetically to the region of the Indian
Peninsula. Its importance has been stressed
by Melurkar (1954) in a consideration of the
maguetic field distribution around the region
of the Ardamans,

(onsidering the short period of data exa-
mined it has to be said that whatever infer-
ences have been made can only he of a
tentative nature. More conclusive inferences
can only follow after a longer period of obser-
vations and with more rigorous methods of
analysis of the data.
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