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The unique network of geomagnetic observatories along 145°E geomagnetic longitude extending from the mag-
netic equator to the north pole has enabled to study the latitudinal profiles of Storm Sudden Commencement (SSC)
amplitudes in the three components H, Y and Z of the geomagnetic field separately for the daytime and nighttime
events. An abnormally large positive impulse of Z is observed at the equatorial stations with maximum at Trivan-
drum during the daytime as well as the nighttime hours suggesting large induced current within the earth’s crust
south of Indian continent. The daytime enhancement of SSC (H) at the extended equatorial latitudesis undoubtedly
dueto thedisturbed electric field generated by the magnetopause current communicated to the equator through polar
latitudes. A prominent decrease of SSC (H) during night hours and the ‘induction vector’ at SSC frequencies at
equatorial latitudes are indicative of the concentration of induced current from source fields extended in altitudes.

1. Introduction

SSC (Storm Sudden Commencement) is one of theimpor-
tant aspectsin Solar Terrestrial Relationshipsinvolving solar
wind, Interplanetary Magnetic Field (IMF), Magnetosphere,
lonosphere and Equatorial Electrojet. The pressure of so-
lar plasma on the earth’s magnetosphere under favourable
conditions resultsin an increase of H field suddenly and si-
multaneously at all the ground magnetic observatoriesin the
world. The association of SSC amplitudes in H with the
equatorial electrojet currents has been earlier reported in the
literature (Rastogi et al., 1964; Rastogi, 1978 etc.). Thelat-
itudinal, longitudinal and solar cycle variations of SSC (H)
at equatorial regions are reviewed by Rastogi (1993).

The geophysical association of the SSC amplitudesin the
other two components of the geomagnetic field, viz., the
vertical (Z) and the zonal component (Y) fields have drawn
comparatively less attention (Obayashi and Jacobs, 1957;
Forbush and Casavarde, 1961; Ivanov, 1964 etc.). According
to the theoretical consideration of Parker (1962), the sign of
Z amplitude in SSC is negative (positive) in the northern
(southern) hemispheres. However, the spatial distribution of
SSC (Z) has been observed to be fairly random, as the short
period variations in the Z component are very sensitive to
the local earth’s electromagnetic induction effects.

Rastogi (1999) worked out the SSC amplitudes association
in H, Y and Z employing the equatorial electrojet stations
data around the world during 1GY-C (1957-1959) interval.
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At Trivandrum in the Indian sector, comparable or at times
larger magnitudes of SSC amplitudesin Z (A Z) when com-
pared with thosein H (AH) were reported. No such larger
magnitudes of AZ or AZ to AH amplitude ratios were ob-
tained either at Huancayo, Koror, Addis-Ababa or Jarvis. It
was suggested that the abnormal behaviour at Trivandrum
was due to the concentration of induced currents over awide
range of low latitudes north and south of the dip equator
through the conducting graben in the sub-surface region be-
tween Indiaand Sri Lanka, besidesthe channeling of induced
ocean currents through Palk Strait.

Sekhar and Arora (1994) have dealt the problem of Ge-
omagnetic Induction in South India by working out the re-
sponse function (AZ/AH) for short period fluctuations dur-
ing day and night hours separately. They attributed the reduc-
tion in the response function during daytime near the centre
of electrojet axis to the weaking of the intensity of induced
currents due to second and higher order spatial derivatives.

Under the geomagnetic meridian project (International
Magnetospheric Studies, 1977-1979), number of new ob-
servatories were established in India and the former USSR
countries along 145°E geomagnetic meridian. Utilising the
extensive latitudinal coverage of the geomagnetic observato-
ries, some of the complexities of the solar flare effects were
reported by Rastogi et al. (1997) and Rastogi et al. (1999).
SSC amplitudes behaviour under varying ionospheric con-
ditions (during day and night hours), especially in the geo-
magnetic elements H and Z at the observatories influenced
by the daytime equatorial electrojet in the Indian region are
found to be enigmatic for a long time. This aspect is ad-
dressed in this communication by selecting few examples
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Table 1. Coordinates and geomagnetic parameters at the Observatories whose data are utilised in this paper during June 1982.

Observatory Code Latitude Geog. Longitude H D z I
°N) (°B) ) ©)
Trivandrum TRD 8.5 77.0 39846 —-2.8 -39 —0.6
Ettaiyapuram ETT 9.2 78.0 39850 -30 978 22
Kodaikanal KOD 10.2 775 39190 —-24 2580 38
Annamal ainagar ANN 114 79.7 40230 —-26 4414 6.3
Hyderabad HYB 17.4 78.6 39624 -16 15347 211
Alibag ABG 18.6 72.9 38190 -0.7 17700 244
Ujjain Ul 23.2 75.8 36969 -05 24441 335
Jaipur JAl 26.9 75.8 35628 -0.8 29628 39.7
Shillong SHL 25.6 91.8 37409 -0.8 27479 36.3
Sabhawala SAB 30.4 77.6 33758 +0.4 34499 45.6
Gulmarg GUL 34.1 74.6 31676 +1.6 38919 50.9
Tashkent TKT 41.3 69.6 25670 +4.7 45400 60.1
AlmaAta AAA 433 76.9 25270 +4.5 47920 62.2
Karaganda KGD 49.8 73.1 20120 +1.8 52370 68.9
Novosibirsk NVS 55.1 82.9 17130 +0.5 52570 71.9
and a statistical study. Some of the very intense SSC events 60
occurring during the day and night hours have been selected
to avoid the ambiguities of scaling and the results are pre- NYS
sented. The proportionate ‘induction vector (AZ/AH)' at
the SSC frequenci esare exqmi ned and th.e rgsults of the day = K .GD
and nighttime profiles are discussed qualitatively with those o AJF"
availablein theliterature. Finally, the results on the mean of '-(‘:" 45 /”} L( i
SSCs occurred during three years interval, 1980-1982, are D LW TKT A%
presented statistically as a support for the latitudinal profiles = \\ij ° !
on individual cases. g K oyL
30} pa
2. Observational Results \\ Jale SHL
Thelist of observatoriesin Indiaand former USSR whose suJJ
_datahave been uti Ilwd a_regiven aI ong withtheabbreviations \}k / \,\
||jTabIe1andthe|rIocatlonsgremdlcatedonamapshownat 15 R
Fig. 1. Four of the observatories, TRD, ETT, KOD and ANN ~ KOQ @ANN N
arewithin the equatorial electrojet belt, ABG and Ul arefar 7_ _ L _mRow@ETL _ | _\(_Y
from the electrojet influence whereas GUL is an observatory ~/ DIP EQUATOR
close to the latitude of Sq focus. While all these are located 0 |
south of the focal latitude, four observatories TKT, AAA, 45 60 75 90

KGD and NV S are situated towards the north of the focus.

Two events (20 August 1991 and 30 March 1990) whenthe
SSCs occurred during daylight hours and two similar events
during nighttime (8 July 1991 and 10 May 1992) have been
selected for presentation. The profile results are described in
detailed below.

SSC at 1301 hrs (75°EMT) on 20 August 1991 was the
largest event recorded at TRD since its commissioning in
1957. Theamplitudeof SSCin H was214nT andin Z itwas
198 nT. In Fig. 2 are shown the tracings of magnetograms of
H, Y and Z components at the equatorial electrojet stations,
TRD and ANN, at ABG and at GUL. Referring to Fig. 2,
at TRD avery short duration and abnormally large impul ses
in H and Z fields were recorded as the time was close to
that of the daily peak of the electrojet current. Most of the

LONGITUDE °E

Fig. 1. The map showing the location of geomagnetic observatories whose
data have been used.

impulses in H due to SSC were very faithfully reproduce
with practically the same magnitude in Z. The impulse in
Y was imperceptible in spite of the large amplitudes of AH
and AZ. At ANN the impulse in H was dightly less than
that at TRD but SSC (Z) was greatly reduced to a value of
30 nT only. SSC amplitude in H at ABG was only about
30 both AZ and AY amplitudes are negative at ABG. At
GUL, a station close to Sq focus the SSC amplitude was 40
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Fig. 2. Tracings of the H, Y and Z magnetograms at some of the Indian
observatories during the daytime SSC at 1301 hr 75°EMT on 20 August
1991. The amplitudes of SSC and the scale values are indicates at the
respective station tracings.

nT (moreor lessthe sameasthat of ABG) suggesting that the
proximity of the Sq current vortex has no effect on the SSC
amplitude at stations outside the electrojet belt. Also, the
noteworthy point is that the SSC amplitudesin Z at al the
equatorial electrojet influenced stations are systematically
positive athough the daily variations in Z are of opposite
phaseto that of H. The SSC amplitudesin H at all thelndian

30-MARCH,1990
NOVOSIBRISK

SSC

HOUR 75°E

Fig.3. Tracingsof theH, Y and Z magnetogramsat Trivandrum, an equato-
rial station, at Gulmarg a station close to the Sg focus and at Novosibirsk
a station well north of the Sq focus during the daytime SSC at 1220 hr
(75°EMT) on 30 March 1990. The respective scale values at each of the
stations are also indicated.

observatories are very coherent with each other, suggesting
afar distant current source’s association.

In Fig. 3 are shown the tracings of H, Y and Z magne-
tograms at TRD, ANN, ABG, GUL and NV'S, a station well
north of the Sq focus, for 30 March 1990, with SSC at 1220
hr (75°EMT). At TRD the SSC impulse was 140 nT for H
and 149 nT for Z fields. The short period fluctuationsin H
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Fig.4. Tracingsof theH, Y and Z magnetograms at some of the observato-
riesin Indo-USSR chain during the nighttime SSC at 2136 hr (75°EMT)
on 8 July 1991. The respective scale values at each of the stations are
indicated.

and Z fields during the main phase of the storm were coher-
ent to each other and comparable in amplitude at TRD. At
ANN, SSC (H) was dightly smaller than that at TRD but
SSC (Z) was positive and much smaller than that at TRD.
At ABG, SSC (H) was considerably reduced and SSC (2)
was negative as expected at a northern low latitude station.
At GUL, AZ was significantly small. At NVStoo, AZ was
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Fig. 5. The latitudina profiles of AH, AY, AZ and AZ/AH during
daytime SSC at 1220 hr on 30 March 1990 and 1301 hr on 20 August
1991.

small and negative.

In Fig. 4 are shown the tracings of a nighttime SSC that
occurred at 2136 hr (75°EMT) on 8 July 1991. Thiswasthe
second largest nighttime SSC at TRD, with AH = 120 nT,
thelargest being at 2138 hr on 17 July 1959 with AH = 131
nT. At TRD, both AH and AZ were larger in magnitude.
AY was aso large but its signature did not duplicate that
of AH. At UJJ station, well outside the electrojet region,
AZ was negative and AH was higher in magnitude than
that at TRD. It isto be noted that AH during nighttime has
not decreased at stations north of electrojet asin the case of
daytime SSC described above.

The SSC amplitudesin H, Z and Y for the four selected
stormsat TRD, ANN, ABG and UJJ are given in Table 2 for
the completeness of the comparison of their relative mag-
nitudes. The magnitudes of the impulsesin H, Y and Z
traces were scaled from the copies of magnetograms at all
the interesting stations in the Indo-USSR chain. Care was
taken to measure the magnitudes between identical pointsin
the various station traces. However, few discrepancies were
noticed between published values and the presently scaled
values and the |ater are considered to be more accurate.

Figure 5 shows the latitudinal variation of the amplitude
of SSCsin H, Y and Z aswell as (AZ/AH) for the day-
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Table2. Amplitude (in nT) of SSCsin H, Z and Y at four stations for the selected storms.

Date Time TRD ANN ABG uldl
(75°EMT) AH AZ AY AH AZ AY AH AZ AY AH AZ AY
30-3-90 1220 140 149 -1 111 -34 4 -21 -20 51 -13 -18
20-8-91 1301 214 198 -5 159 —-57 67 -—-29 -23 778 -19 -23
8-7-91 2136 120 114 -9 120 —68 123 -25 -20 155 -30 -21
10-5-92 0056 100 141 -5 134 —-50 111 -17 -14 138 -—-26 -15
[T 8-JULY,1991 10-MAY,1992 _ 1980-1982
SSC 2136 HR AZ/AH SSC 0056 HR DAYTIME SSC NIGHTTIME SSC
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Fig. 6. The latitudinal profiles of AH, AY, AZ and AZ/AH during
nighttime SSC at 2136 hr on 8 July 1991 and 0056 hr on 10 May 1992.

time storms on 30 March 1990 and 20 August 1991. Asis
expected, the amplitude of daytime SSC in H has shown a
pronounced equatorial enhancement over the magnetic equa-
tor. The SSC in Z is noticed to be positive at all equatorial
stations TRD, ETT, KOD and ANN. It is surprising to note
that SSC in Z field shows even stronger enhancement over
the equator. On 20 August 1991, AH isfound to be 214 nT
at TRD and 159 nT at ANN, areduction to only 74 reduction
of about 85 enhancement over the equator. The positive val-
uesof AZ a ANN (dip lat. 3.5°N) indicate that the effects
are not directly due to the ionospheric currents but are due
to the superposed effects of the currents induced within the
earth as well.

IN nT

AZ

AH IN nT

60 0 20 40 60
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Fig. 7. Themean latitudinal profilesof AH, AY, AZand AZ/AH during
day and night times SSCs during the years 1980 to 1982 at the Indian
sector.

In Fig. 6, are shown the latitudinal variations of SSC am-
plitudesin H, Y and Z fields during the nighttime events on
8 July 1991 and 10 May 1992. The latitudinal variation of
AY isvery similar to that for daytime SSCsreported earlier.
There are clear indications of minimum amplitudes at lati-
tudes near ANN. The amplitude of SSC in Z field shows
positive signature at equatorial stations and intensification
over the dip equator. The amplitude of AH due to SSC
shows a minimum at the dip equator contrary to that during
the daytime SSCs behaviour. The decrease in the ampli-
tude of AH isasignificant result of noteworthy. The ratios
AZ/AH show prominent maximum over the dip equator,
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thevaluebeing aslarge as 1.52 for the SSC on 10 May 1992.

In order to test the statistical significance of these lati-
tudinal variations of SSC effects on the geomagnetic field
observed at these individual cases, the amplitudes of SSCin
H and Z fields at dl Indian stations were scaled for storms
during 1980, 1981 and 1982. Figure 7 shows the latitudi-
nal variations of the mean amplitude of SSC in AH and
A Z separately for the daytime (23 events) and nighttime (16
events). During the daytime, AH shows a large enhance-
ment over the equatorial zone while during the nighttime the
amplitude has decreased monotonously from mid latitudes
to the dip equator, corroborating again the case study results.
The amplitudesin Z field during the day and night hours are
quite similar, however, the equatorial enhancement is much
larger during the daytime than during the night hours. The
ratio AZ/AH has shown similar enhancement over the dip
equator during the day aswell as night hours.

3. Discussion

The present analysis has brought out clearly the following
two aspects. The latitudinal profile of SSC (H) amplitude
during nighttime reveals a minimum of amplitudes around
the dip equator and AZ/AH ratios are enhanced consider-
ably again in the vicinity of the dip equator irrespective of
the time of the day.

Onwumechilli and Ogbuhei (1962) havereported enhance-
ment of nighttime geomagnetic fluctuations in the African
and American zones. Chapman and Rajarao (1965) have
shown the ratio of SSC (H) at equatoria to that at non-
equatorial station during IGY period to be closeto 1.0 during
night hoursbut the sameratioisshown to exceed significantly
from 1.0 during the day. Kane (1978) has described the re-
sults of an extensive study of SSC (H) at TRD, ANN and
ABG in the Indian sector for the period 1958-1969. He has
shown that the equatorial enhancement fluctuates over avery
wide range and is not always commensurate with the elec-
trojet strength. The mass plot of SSC (H) at TRD versus
similar SSC magnitude at ABG for 00 hr LT by him hasindi-
cated lesser amplitudes at TRD than at ABG, suggesting an
inhibition effect near the dip equator. He indicated that the
data from the equatorial region may be affected by peculiar
earth and/or ocean currents conductivity anomaly.

Kikuchi et al. (1978) and Kikuchi and Araki (1979) have
extensively probed the physical nature of SSCs. They have
shown that the high | atitude el ectric field can penetrateto low
latitudes as the zeroth order transverse magnetic wave-guide
mode. Further, Araki (1977) has decomposed the distur-
bance field of SSC into two components. One of the com-
ponents, the DL field is the main impulse originating as an
abrupt increase of the magnetopause current and the other,
DPisdueto apolar electric field transmitted along the lines
of force from the magnetosphere.

Analysing magnetic field data from the 210° meridian
chain of stations, Yumoto et al. (1996), presented in their
figure 5 the equatorial enhancement of SSC's (SC) and SI's
main impulse amplitudes at the equatorward station, Yap
(A = 0.3°) to that at Guam (A = 4.6°) during the daytime.
Also, the enhancement is shown by them to be much stronger
during local summer due to enhanced ionospheric conduc-
tivities in the summer hemisphere, as the electric currents

flowing in the ionosphere play an important role in the en-
ergy transfer of SC and Sl disturbancesfrom high latitudesto
the magnetic equator. Yumoto et al. (1996) have suggested
that the polar electric fields (DP) of SC and SI magnetic vari-
ations predominate over the Chapman—Ferraro current on the
magnetopause (DL ) at low and middle latitudes and thusthis
dayside enhancement must be caused by the nearly instanta-
neous transmission of DP fields to the magnetic equator.

Inour Fig. 7, wherelatitudinal variations during night and
daytimes of mean SSC amplitudes in H and Z as well as
AZ/AH areshown, there were 23 eventsin the daytime and
16 events in the night hours for the years 1980-1982. The
mean amplitude ratios for day to nighttime in SSC (H) at
the stations, TRD, ETT, KOD and ANN are 2.9, 2.3, 2.2 and
1.7 respectively whereas for stations at higher latitudes from
HYB to GUL, theratiosare all around 1.0 and slightly lower
than 1.0. From this, we believe, because of the Cowling
conductivity effect during the day light hours, the instanta-
neous transmission of DP fields will not only be confined to
the station closest to the axis of the electrojet current but ex-
tendsfurther to the northern latitudes, at | east upto the station
ANN.

It isnot the aim here to model the earth’s electromagnetic
induction effects at this short period variation. TheAZ/AH
ratios during the night and day times have been worked out
separately to show that abnormality in SSC (Z) persists at
the Indian equatorial observatories. The enhanced AZ/AH
at both thetimes at these observatoriesindicatethat the effect
is definitely associated with the ‘induction’.

The increase in the ratio of AZ/AH in the equatorial
region during nighttime may be due to the decrease in the
nighttime SSC amplitudes in H which are not proportional
to the corresponding changes in the Z component. In other
words, the Z amplitudes may be enhanced both during day
and nighttimeinthe equatorial region dueto the complex dis-
tribution of electrical conductivity at the southerntip of India
whereas the H amplitude decreases when uniform source
currents in the nighttime are present.

Variousinvestigatorshaveinvoked major sub-surfaceelec-
trical conductivity structures in the region for accounting
the abnormal short-period geomagnetic variations (in the Z-
component). Thakur et al. (1986) have indicated the pres-
ence of a deep-seated conductor of crustal origin across the
Comorin Ridge and the thickening of sediments. Numeri-
cal model studies (Takedaand Maeda, 1979; Ramaswamy et
al., 1985; Mareschal et al., 1987) and analogue model stud-
ies (Papamastorakis and Haerendel, 1983) have shown the
importance of the sub-surface conductor in the Palk Strait
region. Agarwal and Weaver (1989) were successful in nu-
merically modelling the regional electromagnetic induction
around the Indian peninsulaand Sri Lanka by taking account
three sub-surface conductors, besides the conductive regions
representing the land and sea in the southern peninsular re-
gion. The three sub-surface conductors were (1) The Indo-
Ceylon Graben and Pondicherry failed arm together with
thick sediments (2) Crustal alteration and mantle uprise with
thick sediments underneath or near the Comorin Ridge and
(3) West coast rift owing to injection of mantle material or
mantle uprise and sediments.

Sekhar and Arora (1994), while studying the latitudinal
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variation of short period fluctuations (not SSC frequencies)
in H and Z fields, have identified two zones of significant
differences between day and nighttime ratios of AZ/AH,
one near the central axis and the other close to the periphery
of the equatorial electrojet. They have explained the de-
crease in daytime ratios at the central axis of the electrojet
as due to the second order spatia derivatives of the source
field. However, their figure 3(b) in which they have shown
latitudinal variation of AH from about 9° dip latitude to the
equator during nighttimeindicatesadecreasein A H towards
the equator. The progressive decrease of SSC amplitudesin
H from a wider latitudinal range shown here coupled with
the results of Sekhar and Arora (1994), can be explained if
one assumes the source current is far off and uniform during
the night hours thereby the induced currents, over a large
latitudinal extent, may extend to the north and south sides of
the axis of the electrojet. These induced currents may devi-
ate towards the highly conducting narrow belt, just south of
Trivandrum resulting the broad decrease of H field in shorter
wavelengths. During daytime, this decrease is perhaps over
compensated by the currentsinduced by the e ectrojet, which
are non-uniform.

Viljanen et al. (1993) attempted to eliminate the distor-
tion due to source effects at auroral and equatorial latitudes
by taking averages over severa events. For this, they con-
sidered three dimensional electrojet and two dimensional
earth models and estimated —Bz/Bx ratio whichwas called
the ‘induction vector’, besides apparent resistivity and the
impedance phase. Apart from other important conclusions,
it was shown by them that the induction vector is sensitive
to distant sources, even about 1000 km (altitude) away from
the observation point. Also, the source effect was shown
to change remarkably the amplitude of the vector between
the anomaly and the source region. There exists an anomaly
in the southern tip of the Indian peninsula and not only the
ionospheric currents in the equatorial electrojet region but
also the far distant currents in the ring current and beyond
are expected to produce complex induction effectsduring the
day and nighttime. This aspect has to be further quantified
to account for the enhanced AZ /A H ratios both during day
and night hours.

References

Agarwal, A. K. andJ. T. Weaver, Regional electromagneticinductionaround
theIndian Peninsulaand Sri Lanka: A threedimensional numerical study
using thin sheet approximation, Phys. Earth Planet. Inter., 54, 320-331,
1989.

Araki, T., Global structure of geomagnetic sudden commencements, Planet
Space i, 25, 373-384, 1977.

Chapman, S. and K. S. Rajarao, The H and Z variations along and near the
equatorial electrojet in India, Africa and Pacific, J. Atmos. Terr. Phys.,
27,559-581, 1965.

Forbush, S. E. and M. Casavarde, Equatorial Electrojet in Peru, 135 pp.,

Carnegie Int. Washington Publication, Washington, D.C., USA No. 620,
1961.

lvanov, K. G., Map of the distribution of the sign of the Z component of the
SC field over the Earth’s surface, Geomagn. Aeron., 4, 629-630, 1964.

Kane, R. P, Equatorial enhancement of SSC magnitudes, J. Geomag. Geo-
electr., 30, 631-646, 1978.

Kikuchi, T. and T. Araki, Horizontal transmission of the polar electric field
to the equator, J. Atmos. Terr. Phys., 41, 927-936, 1979.

Kikuchi, T., T. Araki, M. Maeda, and K. McKawa, Transmission of polar
electric field to the equator, Nature, 273, 650-651, 1978.

Mareschal, M., G. Vasseur, B. J. Srivastava, and R. N. Singh, Induction
models of southern Indiaand the effect of off-shore geology, Phys. Earth
Planet. Inter., 45, 137-148, 1987.

Obayashi, T. and J. A. Jacobs, Sudden commencements of magnetic storms
and atmospheric dynamo action, J. Geophys. Res., 62, 589-616, 1957.
Onwumechilli, A. and P. O. Ogbuhel, Fluctuations in the geomagnetic hor-

izontd field, J. Atmos. Terr. Phys., 24, 173-190, 1962.

Papamastorakis, J. and G. Haerendel, An analoguemodel of thegeomagnetic
induction in the South Indian Ocean, J. Geophys., 52, 61-68, 1983.

Parker, E. N., Dynamics of geomagnetic storm, Space Sci. Rev,, 1, 62—99,
1962.

Ramaswamy, V., A. K. Agarwal, and B. P. Singh, A three dimensional
numerical model study of electromagnetic induction around the Indian
peninsula and Sri Lanka Island, Phys. Earth Planet. Inter., 39, 5261,
1985.

Rastogi, R. G., Theory for preliminary negative impulse in storm sudden
commencement in H at equatorial stations, Proc. India Acad. Sci., 87A,
57-60, 1978.

Rastogi, R. G., Longitudinal variation of sudden commencement of geo-
magnetic storm at equatorial stations, J. Geophys. Res., 98, 1541115416,
1993.

Rastogi, R. G., Electromagneticinduction dueto SSC at equatorial electrojet
stations, Ind. J. Rad. Space. Phys., 28, 253-263, 1999.

Rastogi, R. G., N. B. Trivedi, and N. D. Kaushika, Some relations between
the sudden commencement in H and the equatorial electrojet, J. Atmos.
Terr. Phys., 26, 771-776, 1964.

Rastogi, R. G., D. R. K. Rao, S. Alex, B. M. Pathan, and T. S. Sastry, An
intense SFE and SSC event in geomagneticH, Y and Z fieldsat the Indian
chain of observatories, Ann. Geophysicae, 15, 1301-1308, 1997.

Rastogi, R. G., B. M. Pathan, D. R. K. Rao, T. S. Sastry, and J. H. Sastri,
Solar flare effects on the geomagneti c elementsduring normal and counter
electrojet periods, Earth Planets Space, 51, 947-957, 1999.

Sekhar, E. C. and B. R. Arora, Onthe sourcefield geometry and geomagnetic
induction in southern India, J. Geomag. Geoelectr., 46, 815-825, 1994.

Takeda, M. and H. Maeda, Effect of the coastline configuration of south
Indiaand Sri Lanka on the induced field at short period, J. Geophys., 45,
209-218, 1979.

Thakur, N. K., M. V. Mahashabde, B. R. Arora, B. P. Singh, B. J. Srivastava,
and S. N. Prasad, Geomagnetic variation analysis in peninsular India,
Geophys. J. R. astr. Soc., 86, 839-854, 1986.

Viljanen, A., R. Pirjola, and L. Hakkinen, An attempt to reduce induction
sourceeffectsat highlatitudes, J. Geomag. Geoel ectr., 45, 817-831, 1993.

Yumoto, K., H. Matsuoka, H. Osaki, K. Shiokawa, Y. Tanaka, T.-I.
Kitamura, H. Tachihara, M. Shinohara, S. I. Solovyev, G. A. Makarov,
E. F. Vershinin, A. V. Buzevich, S. L. Manurung, Obay Sobari, Mamat
Ruhimat, Sukamadradjat, R. J. Morris, B. J. Fraser, . W. Menk, K. J.
W. Lynn, D. G. Cole, J. A. Kennewell, J. V. Colson, and S.-I. Akasofu,
North/South asymmetry of SC/Si magnetic variations observed along the
210° magnetic meridian, J. Geomag. Geoelectr., 48, 1333-1340, 1996.

R. G. Rastogi (e-mail: parvs@prl.ernet.in), B. M. Pathan, D. R. K. Rao,
T. S. Sastry, and J. H. Sastri



