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Abstract

The variations in the geomagnetic field components
AH and A 2 during short period events like SSC's or bays
have the same phase at all thtee-magneétic observatories,
Annamalainagar (&NK), Kodaikanal (KOD) and Trivandrum ({(TRV)
which lie under the equatorial electrojet. However, the
phase relationéhip for 8q variations is different./ H is
maximum at three stations around 110C hrs {(IST) whereashtZ
decreases reacﬂing its minimum value around 1300 hrs at
ANR and around 1200 hrs at KOD, At TRV:Z increases and
becomes maximum-at around 1000 hrs. The amplitudes of .. 2
at ANR and TRV_aré much larger than their normal values
expected atlthese latitudes.

It is found that Parkinson's relation 2 =A% H +
5 5D is obeyed at all three stations for SSC's and bays.
Fisher 's Z-test shows the correlation to be highly signi-
ficant. This suggests that Schmucker's concept of
separating the total field into a normal and anomalous
part is applicable here and most of the 2 is of anomalous
origin induced by /! H and o'D. The constant & was found
much larger than B. To test this FET amplitudes of { H,
& D and [ 2 recorded during night time of a storm
were analysed. JFor 2ll three observatories [\ 2 was
found to follow {i H. Parkinson's relation did not hold-
good fer Sg variations. We used the IGY data for which
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the normal part of the variations were computed. for each
harmonic using. the coefficients calculated by Matsushita
and Maeda,. - This normal part was then subtracted from “the
observed value by taklng phases into account to obtain
the'anémalous part. Most of the A 2 is ‘of anomelous
origin and it does not correlate with the normal part of
cither D Hor ADor DNz, The anomaly at Sq periods

in A 7 is thus due to channelling of internal curre.nts
through the deep ocean adjacent to the southern tip of

the peninsulea,

Introduction

It has’ been established by many workers. thet a
part of tran51cnt vertlcal component vnrlatlons 1is ‘due to
currents 1nduced 1n the eerth The Spatlal dlfferences
in’ ZiVeriations ere very merked 1n the Indlan Peninsula
These have always been the pr1nc1pal featUresfor detecting
induced variations due to 1ateral conductn.v:.ty contraste_.
“In estlmatlnq ‘the effect of 1ndUCed variatlons,‘Park;nson\a
relatian: 11959} is used. In a modlfled form the reldtion
is written as: _
Az = A, AH + BAD + 3; e ()
Here A 2z, AH ‘and AD s:l.gnlfy changes in the vegtigal, (2),
horizontal (H) and decllnatlon (D), the three”elemeqts of
the earth!s magnetiec field. “The above“relation'is,ﬁeed to
fit = set of observed variations and estimate A and_S
through the method of least &quares. In Eqn (1) . §F is
the part of A 2 that does not correlate with the horizontal
component of the field. The constants & and B are called
transfer functions and are characteristic of a certain
station and frequency. In the case of continucus data
such as storms, A and B are complex too. The vector sum
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of A and B gives us the induction vector S, which is a
measure of the induced part of/y,Z and the direction of
this vector gives the agzimuth of the horizontal field
most correlated with;ﬁ 7. Its direction is perpendicular
to the flow of induced currents or equivalently to the

strike of the conductivity contrast.

The interpretation of the induction vector is based
on a very crucial assumption that the external inducing
field is uniform over a large spatial extent. If this
condition is violated, Eﬁg non=uniform external field
itsélf will give riseﬂéo Z amplitudes that cduld be
mistakenly 1nterpreted as belng due’ to 1nductlon.. In the
case of qulet ‘day varlatlons at electrojet stations, the
fléld 15 not<uniform and is rapidly varying over a small
spatlal extent. .AS such Parkinson's relation cannot be
applled, and a quantltatlve estlmdte of induction is "
dlfflcult to make. Therefére, in thls;aper, the resuits
of flttlng a model to.Sg-variations is tried and the
-deviéﬁions iﬁ Az at'Annamalainagar'TANR), Kodaikanal (KOD)

and. Trivandrum (TRV) from the model-ar€ discussed.

Analysis and Results .

-(a)- - Bays and SSCs:

Forty events each'of bays. and S5Cs occurrlng at
night were selected, all tha bvcnts being of 51gn1flcant
amﬁii%ﬂdé and recorded-at S1T tHe Thies stations (ANK,
KOD and?TRV) - The amplitudcs ofij H, /A D ang ﬂ 7 were
scaled dlrectly from the mggnetograms and fitted in
Egn (1) to compute h.and B by the method of least

squares. For both types-of- events a good fit was obtained.
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Fisher's Z-test .showed the correlation to bé'significant.

The values are given in-the following table.

Table
Event SS5Cs Bays
iH and /A D A H a2nd AD |AH and 4D [AH andAD
Statioir{ observed at the taken' as observced at| taken as the
station. - averzage of |the station| average of
_ALB and HYD ' ALB and HYD
By s B - A '{--B A - B A B
ANR 0.48 |-0.11 0.56 |-0.37|0.54 | 0.25/ 0.55 | 0.09
KOD 1 o.50 [-0.05 0.50 | 0.05|0.42 |-0.57| 0.52 |-0.52

In an alternate computation the averages of /AH and/\D at
Alibag (ALB) and Hydcrabad (HYD) were substituted for/AH
and AD observed at the station, in Egn (1). The reason
for this substitution is that in an eariier study by.the
same authors it was seen that \H and A D at ANR and TRV
have somc anomalous component. Since the D variomeﬁer at
KbD hes a very low sensitivity, the averages of ALB and
HYD had to be Used. It is secn that A is larger than

B for ANK and TRV and this indicates tHat A 2, is induced
by /\H mainly. This is also evident from the traces of

a bay on 9 July, 1970 (Fig.1l) shown for all three stations.
Traces at ALB and HYD are also included in thc figure

to illustrate that é;H for bays does not vary much over

a wide range of latitude (10°) in low latitudes.
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In Fig. 2 the result of fast Fourier transform of
a storm, digitized at 3 mln 1ntervals at all three stations,
is shiown. &t all three stations the spectra of /\ 2 follows
[\H spectra confirming that cyz:orlglnates from the currents
induced by the horizontal field veriations ([ H). This is
in conférmity with the large value of A in-Eqn (1) for all
these stations and this in turn indicates that the 1nduced
currents flow on the south side of the tip of the Indian

peninsula.

(b) Solar quiet day variations (Sq) :

We used the IGY data from January through December
1958 in thls analy51s. ~The year was lelded into three
seasons, D moriths, E months:and J months. Spherical
harmonic analysis 'of hourly velues for this period has
been performed by Matsushita and Maeda (1965) and- the
coefficients calculated by: them were used to estimate the
expected Sqg variations in the three components. Since
these coefficients calculate X, Y and 2z cqmpqnehta,_wé
will compzare in this section{AX, /A Y and L}Zuwitﬁtthe
observed values. In their calculations thne Sq_vafiations

are expressed as:

;‘!L M -t ~ , _ P . ,\ Wy
AX =S 5 (Rycdwdid b Shmd) w0,
w. = { ryo= W .
4y N By 2= _ A Ay y T v
AY =.5 S <T_L’YI A mA + Qa;_‘vv'*di) N ®.(
. _— = !

4
i
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and ﬁg (§) is Schmidt's function. {7 stands 'for dip lati-
tgdeLof'thé'station“andfﬁ ie the local angular time measured
from midnight. The constants ag, bn‘ EE and'5§ were
estimated by Metsushita and Maeda through the usual method

nf spherical harméonic analysis.

Thé hourly values calculated using Eqn (2) are
shown‘in*Fig.3; In the same figure we have also plotted
the observed variations reduced to exact hours of the local
time of each observatory. For this reductionwe followed
Price and Stone (1964), A comparison of the computed. and
observed variations shows that Z-component is highly
anomalous at all three stations. To test the validity .
of. Parkinson's relation, we took the calculated amplitudes
and phases of each harmonic as thé ndrmal part of the
variation field and subtracted the same from the observed
velues by taklng phuses 1nto account to obtaln its anomalous
part. MaJor part of *\4 is. found anomnlous and it does:
not shbw any systematlc corrolatlon w1th normal part of
either A'X or /Y or A 2. The resiilts lead us. to conclude
that the anomaly does.not conform to Parkinson's relation.

Discussion

The nature of /\ Z at ANR, KOD and TRV- for S5Cs &nd
bays exhibits'the usual coastal effect. For .night time
variaﬁionsfthe'inducing fields are uniform over a region
much larger than the skin depth of the eddy currtnts

and- under normal eondltlons,& Z should be'very small at

low latitude stations. The external and internal
components Wlll cancel- eech other. ovor d region whlch

does not haVe any lateral gradient in conduct1v1ty.
However, the .cohductivity contrast of the landisea’ beundary
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and possibly the contrast in the conductivity of the
upper mantle, produces pefturbations in the current . System
near the boundary to produce large values for A Z. - That
the observed A Z at. ANR, KOD and TRV cre due to such
perturbations follows from their correlation with the hori-
zontal component of the varitation field (Fig.2).
However, -as we have.observed earlier the mechanism
causing:ithe ‘anomalously large /A Z at Sqg periods is rather
complex.lﬁ A 1s negative at ANR and KOD, .when the Sq current
system reuches 1ts peak'value and it is positive at TRV.
(Both. for: SScs and bays all-three have ideritical Az
variations). The.wvalues are much larger than what could
be expeqted'fromhthejcﬁfrent system calaoulated by
Matsﬁehita and Maeda -(1965). The'large A 2 are undoubtedly
a local featurefofrthedpénineu;a;

Bennett and Lilley (1973) also observed large. 52
in south—east Australlu.' This. regnoh 1no1dentally hag.a
topology similar to the south tip of the Indian peninsula.
But in their: stuciy the anomalous part of ﬁ Z. correlated
with the horlzontal fleld normal to the coast. A slmi;ar
calculatlon ‘here fnlls to- show the same effect Itfmay
however be pointed out- that over regions under the
equatorial electrOJet the scale length of the inducing
field for sqgq var;atlons and thelr.skln depthiare both of
comparable magnituae, In this way thelpresent situation
is entirely differert from the situation over the
Australian region WHere the inducing field is .more uniform.
Non—gniformity_of the source field is known to inhibit
the strength of induced currents, and even the existence
of currents induced by jet part of the Sq field is still
an open question. ‘One aspeot, that the normal part of
the Sq current system near the dip equator does induce
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currents, is settled. We also know that the temperature
of ttie upper Mantle under oceans is higher than that of

the continents.

The direction of induction wectors for bays
suggests that the induced: current.: flows preferentlally
around the tlp of the Indian peninsula. The situation for
Sq differs from the bay fleld 1n the sense that at ANKR
and KOD the gradlent in the Jet cqrrent system gives-a
large variatien iIn the vertlcal component, which. on thé
other. hand is practlcally zero for bay fields. Hence,
for .Sq.variations A 2 at ANR and KOD will have a larde
external part; and TRV being closest to the channelled
currents will: receive a major contrlbutlon from the induced
currents.

A calculation of Az using thé unifbrm band model
of Onwumechilli (1967) glves for A‘ Z from external part
of the jet field a value of —42 gamma and. =32 gamma respe-
ctively for ANR and KOD. We ‘have taken the: ‘Height' of the
electrojet as- "100° ‘Kkm,, its’ half—w;dth as 250 km--and
strength: as- 1301§mp/km These values: have bekn estimated
by Yacob .(1966) for our region for E-months of 1958.

The computed A\ Z-are qun.te close to the recorded variations
for these moriths at ANR and KDD. For TRV, the computed’
value -is only 9 gamma,’ whlch is much'smaller compared

with the recorded-A z. It lends support to ourinter-
pretatlon that: Z&z;at ANR and KDD are mostly Of extérnal
origin and TRV being close to the channelled currents

gets from these a substantlal addltlon to its 2 varlatlons.

In conc1USlon, 1t may: be: noted” that’ the 1ndUCeg
currents, both for bay and Sq; fields, flow prefcrentlally
below the tip of ‘the peninsula .in the déep ocean. These
‘currents should produce similar 7 variations at all



33

three stations. This is true for bays, but, for Sq field
the larger éxternalﬁgaﬁtgof 2 aFéﬁiQQ-from the jet currents

cauges at ANRiand KOD a different, behaviour,
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Figure Captions

Fig. 1 The bay of 9th July, 1970. D and 2 traces are
similar for Alibag whereas for'Annamalainagar,
Kodaikanal and Trivandrum the Z trace is similar

to H. Time is shown in IST,
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Fig.
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Fourier amplitude spectra at various periods

for:;hreefgtati@ns‘from'afhagnetié'sﬁdr% Qﬁ

September 13,.1972.

Solar guiet daY”vériations of the three geo-
magnetic components ¥, Y and Z at ANR, KOD and
TRV. The variﬁt&éﬁg”éfé EEOWL for D months,

E months and J months. Both recorded variations
¢ :

of MatSushita‘ahd'Maeda:(1965) are.shown ‘in the
diagram.

) and variations computed {(----) in the mogdel



