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~e behaviour of the fluctuations in the horizontal component of geomagnetic field (H) during two

magnetic sto~as been studied by selectingstations in differentlatitudesaround e globe.The fluctuatingcomponent lD e dawn-dusk electric fieldand Dst are also compared with th om onent fluctuatio
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1 Introduction
Magnetospheric sub storms are. generally,

thought to be the most important dynamical
processes resulting from the solar wind-magneto
sphere interaction. In the last two decad6l the well
organised observations have provided frameworks
in which the physics of the substorm processes are
explained. In the 3-phase model of the magneto
spheric substorm1, a southward turning of
interplanetary magnetic field (IMF) initiates a
growth phase during which solar wind drives a
sequence of events and initiates the expansion phase.
During the expansion phase, a large increase in
energy dissipation as measured by particle pre
cipitation and joule heating is found to occur. The
expansive phase is terminated by a sudden intensi~
fication of activity at high latitudes as well as by the
beginning of a recovery phase during which the
various growth and expansion phase phenomena die
away. The vanous changes that occur during the
growth phase are interpreted as manifestations of a
'driven' process2•J, W:lerea~ the sudden release OJ

energy during the expansion phase is referred to as
'loading-unloading' process. Magnetic field varia
tions (in H. D and Z) observed on the ground during
magnetospheric sui storms have been used to study
tbe. response of te magnetospheric-ionospheric
system to the solar" nd-magnetosphere interactions,

*This paper was presented at the National Space Science
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as the substorms occur during periods of southward
IMF (Refs 4 and 5). Recent studies show that the
periodic fluctuations of the interplanetary medium
play an important role in solar wind~magnetosphere
coupling6, From the various studies made during
substorms, it is now well recognized that the
substorms last for about 3-4 h. Therefore, in
this paper, we have studied the response of
IMF, ring current index (Ds') and the
horizontal compone.,t of the earth's magnetic field
(H) recorded at 10\\ ,riddle and high latitude stations
in the day and nig}•• sectors for the two substorms
identified under Co-ordinated Data Analysis
Workshop (CDA W-6) during the magnetic storm of
22 Mar. 1979 (Ref. 7). For comparison, the data
obtained during the magnetic storm of29 Aug. 1979
are also included. It is found that during a substorm,
the interplanetary electric field (Ey), Dst and the H
component show a fluctuating component of 3-4 h
which gives us a clue about the directly driven as well
as loading-unloading prol' . 'so

2 Data selection and analysis
In this paper, published hourly average values8•9 of

H for the stations given in Table 1 are ised. Hourly
average values of solar wind paramete 'ife taken
from interplanetary dat~ JI{IO. The solar wind
parameters taken for the stud' re: solar wind
velocity (Vsw), the north-south c•. oponent oflMF
(Bz), and hence, the interplanetary electric field given
by Ey= -(Vsw x Bz) in units of mV/m (Vsw is
expressed in mls and Bz in nT). The published Dst
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Table I -List of stations for which the hourly averaged values are
used

Station

AbbreviationGeomagn.Geogr.
lat.

long.
Trivandrum

TRY1.0'S76.95'E

Kodaikanal

KOD0.6'N76.01oE

Annamalai Nagar

ANR1.4°N79.68°E

Alibag

ALB9.0'N72.50oE

Sabhawala

SBL20.8°N77.80'E

Tashkent

TAS32.0'N69.62°E

Irkutsk

IRK4J.(tN104.2TE

Novosibirsk

NaY45.0'N82.90'E

Sverdlovjsk

SYER48.0'N61.07'E

Huancayo

HUNI()ON75.33'W

Sanjuan

SAN19.!i'N66.15'W

Fredericksburg

FRD49.1,oN77.37'W

College

COL65.()ONI49.Q(rW

valuesll are also used to study the fluctuating
component.

The fluctuating component with a periodicity
below 5 h is obtained by taking the running mean of all
the above parameters using a 5 h smoothing window.
The residuals thus obtained after subtracting the
running mean from the actual data will contain all
periodicities below 5 h.

3 Results

3.1 Magnetic storm of 22 Mar. 1979

The magnetic storm started with a sudden1",
commencement at 0826 hrs U]~J'id had a minimumvalue of Dst of about - 74 nT Vbserved during the
main phase of the magnetic storm. Under the
eOA W-6 study, two substorms were identified at
1054and 1426hrs UTduring this storm7• Figure I(a)
shows (i) the fluctuating component with period less
than 5 h in the H component of geomagnetic field
(11H) recorded at stations distributed over a wide
range of latitude and longitude (Table I) in the
daytime sector and (ii) fluctuation in the inter

planetary electric fiel~l~'If"'Ey).Figure I(a) also showsthe fluctuations in H c illl!''''''I~lonentin nighttime sector
and Dst (11/)'1)' It is interesting to note that Ey and DSI
show a fluctuating component of about 3-4 h

periodicity ct responding to 1054 and 1426 hrs UT
substorms., IBoth the substorms have shown

enhanced i11'~~rvalofL"I::"!'!"lioncorresponding to the

growth phase at <~]',",ml1r6~jand 1310 hrs UT ~for thesouthward~urniL,ll.., of the IMF. and a northward
turning of IMF corresponding to the expansion
phase was observed at ]054 and 1350 hrs UT.
However, the Ey in Fig. I(a) shows a fluctuating

component of period 3-4 h right from 0830 to 0900 hrs
UT and is repeated during the second substorm
period also. Similar fluctuating component is also
observed in the H component at all the stations
[Fig. ](a)]. However, it is seen that the fluctuating
component at high latitude stations in the daytime
sector is not clearly discernible compared to low
latitude stations and the peak amplitude also occurs
with a delay of about] h. Another interesting result is
the increase in the amplitude of the H component at
the nighttime sector stations as shown in Fig. I(a).
This can be due to the fact that the nighttime stations
are in the midnight-early morning sector when the
westward e]ectrojet is expected to be active. The
presence of a fluctuating component of 3-4 h
periodicity in Ey, Dstas well as in the H component of
magnetic field during the two substorms shows that it
has its origin in the solar wind-magnetosphere
interaction region and is communicated to all regions
of the magnetosphere to be recorded on the ground.

3.2 Magnetic storm of 29 Aug. 1979

A sudden commencement of storm (SSe) occurred
on 29 Aug. 1979 at 0457 hrs UT with peak Ds!

-. 150 nT. Figure I(b) shows the fluctuating
component in II at daytime stations (Table I) and Ey.

It also shows the fluctuation in Hat nighttime stations
(SAN, FRO, eOL) and Ds!. The fluctuations show
3-4 h oscillations soon aftcr the sse, but not as clear
as in thc case of 22 March storm. Moving from low
latitude to high latitude stations it is noticed that there
is a time lag for the oscillation. The amplitude of the
oscillation is increased at stations in the nighttime
sector. The dawn-dusk electric field also shows
oscillations of3-4 h periodicity. The interesting fact is
that the fluctuations are more clear in Ey as compared
to that in H component. The Ds! also shows the

oscillation. A tiiTIC delay of about 1 h between Eyand
H is observed as in the case of the magnitic storm 01'22
March.

4 Discussion
The relationship between the fluctuations in the

interplanetary electric field, D,!and H component of
the magnetic field observed at ground has been
studied. for the storm of 22 Mar. 1979 and 29 Aug.
1979 to understand the transfer o'Oenergy from solar
wind to inner magnetosphere. he simultaneous
occurrence of fluctuating co onent (of 3-4 h

periodicity) in Ey. /)Sl and H suggll ts that it is possi.b]e
for the electflc held generatedr y the solar wmd
magnetosphere dynamo in .le high latitude
ionosphere to penetrate deep into equatorial region
as seen on the surface magnetic field variation at

'II 11111; I t Illilnlll'l 'I ,,1111'; 'I I II
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Fig. l-{a Fluctuations in the horizontal component of geomagnetic field in the daytime SL. IOns,
nighttime .ations (HUN, SAN, FRD, COL), interplanetary dawn-dusk electric field and Dst during the
magnetic storm of22 Mar. 1979, and (b) Fluctuations in the horizontal component of geomagnetic field
in the daytime stations, nighttime stations (SAN, FRO, COL), interplanetary dawn-dusk electric field

and Dst during the magnetic storm of 29 Aug. 1979

\
\



412 INDIAN J RADIO & SPACE PHYS, DECEMBER 1993

Trivandrum and Kodaikanal in the day sector and
Huancayo in the night sector. There are two source
mechanisms which can account for the temporal and
spatial behaviour of the electric field at middle and
low latitudes during geomagnetically disturbed
periods 12. The first mechanism is the solar wind
magnetosphere dynamo, in which dynamic
interactions between solar wind and magnetosphere
cause a flow of electric currents connecting the
magnetosphere and the high latitude ionosphere13.
Part of these currents, associated with their electric
fields, penetrate directly into lower latitude through
the conducting ionosphere. The second mechanism is
caIIe(~ the disturbance dynamo, in which thermo
spheric winds produced by auroral heating can alter
the global circulation and consequently generate
electric fields and currents in middle and low latitudes

by means of ionospheric dynamo action. The time
scales involved in the second mechanism are of 6-10 h
duration and, as such, are not conducive to the
simultaneous fluctuations observed in th,e present
study. Further, simulation studies have shown that
the polarization charges accumulated in the inner
magnetosphere, namely, the Alfven layer, as a result
of plasma convection due to dawn-dusk electric field,
tend to shield the middle and low latitude ionosphere
from the direct penetration of the convection electric
field. The absence of fluctuating component, during
the 29 Aug. 1979 event, in the H component shows
that the low latitude ionosphere is partly shielded
from the high latitude electric fields. However, the

presence of fluctuating compo~ent during 22 Mar.
1979event shows that, most pr~11"lbly,the inner edgeof the plasma sheet which gener~y causes the electric
field shielding does not apparently have time to react

•

to these changes. Therefore, future studies should
aim at a more extensive latitudinai variation of H
fields to arrive at definitive conclusions on the use of
surface magnetic field variation as a tool for substorm
studies.
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