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Introduction

It 15 now well known that the superscnic solar
wind drags with it the embedded solar magnetic field,
Wileox and Ness (1965) discovered that Interplanecery
Magnetic Field (IMF) was & well-organised entity with
the field direction predominantly toward or away from
the Sun lasting for several days. This dominant
direction is a large scale feature defining the sector
structure of the IMF and is ditferent frowm the small
gcale changes. The IMF orientation is best organised
in the Ueocentric Solar Equatorial (GSEQ) coordinate
system in which the X axis is the Earth-Sun line,
Z axis is parallel to the solar rotation exis and the
Y axis completes the right-handed system. The angle
of IMF measured from X axis should correspond to either
125° (away) or 315° {toward) as the IMF lies usually
along the Archemedian spiral close to 1 AU .
Explorer 33 and 35 data indicated that the predicted
angle i3 the most frequent. The interaction of the
IMF with the magnetosphere, however, 18 ordered better
in the Geocentric Solar Magnetosphere (GSM) coordinate
system. In GSM, the X axis 1is unaltered; but the Z
axls lies in the plane containing X axls and the

‘dipole exis of the earth, Y axis completing again

the right handed system. The interaction, therefore,
will have both Universal Time and seasonal dependence.



If spacecraft measurements are the only sourcé
of the IMF parameters, gata gaps will exist whenever
they are inside the magnetosphere. But if the IMF
{nteraction with geomagnetic field could be used as
a predictor, these data gaps can be easily filled,
Almost simultaneously Svalgaard {1968) and Mansurov &
Mansurova (1969) discovered that the diurnal variation
of the vertical component in the polar cap region
responded in a highly systematic manner to the polarity
of IMF. Superposed on the normal variation, for a few
hours near magnetic local noon, the Z variations
showed deviations on either side of the mean depending
on the IMF polarity. In an 'away' sector, the
deviation is negative {positive) in the northern
{ southern) polar cap and vice-versa for the 'toward’
sector. Close to the polar cap boundary, the d
component reveals the signature., 1t has been shown
(Kawasaki et al 1973) that the polar cap field is
sensitive to IMF even at much shorter time scales
(10-~20 minutes). Subsequently, Friis-Christenten
et a1 {1972) showed that the polar cap variation are
better related to the azimuthal or East-West
component (By) of IMF rather than the polarity {Bx)
and that when the IMF is along the Archemedian spiral,
azimuthal component in one directlon, corresponds to
a given polarity of IMF,

As surface magnetic field records date back
sufficiently in time, the polarity of IMF could be
inferred using H magnetograms of Godhavn from 1926
{Svalgaard 1972). The mccuracy inference increased
substantially when polar cap statiens in either
hemisphere are utilised ( ~~B0%) and is &an eadeguate
substitute for 'in situ' observations for statistical
purposes (Russell et al 1975). Inferred polarity

of TMF is regularly published in prompt reports of
wSalar Geophysical Data® and are extensively used.

The cector structure of the IMF, with its origin
in the Sun, corotates with the Sun so that a sector
boundary, separating the two polarities, sweeps past
the earth every 27 days. When arranged in Bartels'
salar rotation, the pattern of polarity reveals that
it is sither 2 sectors or 4 sectors per sclar rotation,
The rotation period changes with solar cycle, The
fector structure has been related to the dipolar solar
nagnetic field and a predicted heliographic dependence
of the dominant polarity observable by spacucraft
has been confirmed {Rosenberg and Coleman 1969) 4
(Wilcox and Scherrer 1972). The polar cap field
changes relating to the orientation of IMF is brought
out directly throurh the corresponding changes in the
ionosphere. Several geophysical parameters in the
high latitudes respond to the IMF polarity., At mid and
low latitudes the effects of auroral electrogets are
reduced while the magnetospheriec ring curreat effects
will begin to dominate., The physical mechanism
relating IMF to low latitude field changes will thus
be different and needs careful study for a unified
view of the physical processes.

IMF polarity & Sg focus

Matsushita et al (1973) examined the relation-
ship between sector structure and gquiet geomagnetic
field at about 40 stations for summer of 1965. They
observed that IMF polarity has not only & clear
influence on the currents over tho polar repglon but
also has a remerkable effect on mid latitude 5q



currents and that scctor structure effect is clearly
exhibited in quict day X component. An equatorward
(poloward) shift of the Sg focus may occur for

toward (away) sector. Matsushita (197> confirmed
these sugpestions later using data over two longitudinai
chains. He also suggested that IMF polarity could be
inferred from mid-latitude geomagnetic field variztions,
Recently Butcher and Brown (1981) found that if the
phase variability of 8q (1) is taken into account and
the days are separated into normal and abnorual guiet
days (AEDs) then the apparent focal movement occurs
only on AQDs and only for IMF directed away frow the
Sun. This effect was seen both in summer and winter
and is probably of magnetospheric origi..  Shiraki
(1977) has also reported influence of IMF on 3q (H)

for station in the Japanese sector,

IMF polapity % low latitude pgeomagnetic ficld

Nishida (1966), from IMP 1 satellite observations
of IMF over three solar rotations, found that at low
latitud~s the horizontal intensity was most depressed
a day after the passage of a sector boundary indicative
of the intensification of the equatorial ring current,
First comprehensive analysls of the effect of IMF
polarity on low latitude field was presented by
Bhargava and Rangarajan (1975) who used the long serles
of Alibag (Dipole lat. 9.5° N) magnetic data and the
inferred polarity (A/C index) of Svalgasard (1972)
covering the period (1926-1972). They indicated
significantly differcnt response of the field dependent
an the polarity of IMF and the leocal time, Correla-
tion between A/C index and the field was significant
up to 19%8, but was absent after 1962. This aspect

cf the A/C index invoked oriticism by dussell &
Rosenberg (1974), Russell et al (1975), Befhelier and
Guerin (1975) who suggested that ‘the correlation was
an artifact of the inference bascd on Godhavn data,
Using mostly satellite data supplemented occasionally
by polar cap magnetic records, bvelgeard (1975)
presented a revised atlas of A/C index for the period
1947-1975 and showed that the change in geomagnetic
activity index, Am was different for the two'epochs
1947-56 (pre-satellite era) and 1963-70 (satellite
era) and suggested that the difference is real,
Rangarajen (1977) ueing K-indices for 3 low latitude
staticns for %wo separate epochs showed that the

" response was larger in association with away/toward

(+/-) boundary especially during conditions of low
solar activity and thet while the nature of response

to a +/= boundary remained unaltered for the two

epochs - pre-satellite and satellite era - that for

- /+ boundary showed significant differences.
Geomagnetic response for separate UT intervals showed
that the effect due to different UT diurnal variation
of activity on days of opposite polarity are manifested
more clearly in post-boundary intervals or the leading '
parts of the'sectors.

Kane (1971) used partial correlation technique
for the influence of IMF on the range of quiet day
diurnal variation at Trivandrum and Alibag and found
that while o H at Alibag was moderately correlated
with Bx component of IMF, s H at Trivandrum was
not related to any interplanetary parameter. In
enother study, Kane (1975) showed that passage of
well-defined sector boundaries does not affect
equatorial Dst directly or in unambigucus fashion.



Rangarajan (1977) showed that mean daily range
at low latitude was significently larger following a
gector boundary passage and that at Trivandrum and
Gabhawala the magnitude of the departure was nearly
same indicating the disturbance was essentially non-
ionospherig. This result was confirmed from aneylsis
of Kodaikanal data by Sastri (1979) wio found no
significant change when the data }s corrected for
equatorisl Dst. Murthy (1979) using daily range of H
at Kodaikanal in the vicinity of sector boundary
found that the significant aspect is not only the
increase following the passage but slso the minimum
before crossing with, the response BCross the +/~
boundary being distinctly larger. His results were
thus in conformity with that of 3hapiro (1974) end of
Rangarajan (1977). A plausible explanation for the
greater response in associatlon witn +/- sector
boundary was given by Rangarajan and arora (1930)
who showed the length of the sector itself played a
crucial role. Yhile the geomagnetic field change
associated with 'toward® or negative sectors was
unaltered for short and long lived sectors, that for
'pway' sector was significantly dependent on the
length thus leading to reduced magnitude of the
response for -/+ when sectors of different length are

combined.
\

M =) and_dal gepsonal variation

The classical UT variation of geomagnetic
activity changes phase with the season (McIntosh
1959), They are antiphase during the two solstices
and during egquinoxes it is semi-diurnal and with
reduced magnitude. Averaged over gll seasons the UT

variations are very small, When days are separated
sccorcing to polarity, however, it is seen that the
daily veriations hes opposite phase for opposite
polarity and when difference between variations of
activity fcr two polarities is computed, one can
isolate variations critically dependent on sector
polarity while averaging the verlation for nearly
equal number of days for either polarity will provide

corpoment independent of sector polarity (Svalgaard 1976).

Russe.l and McPherron {1973) suggested that the semi-
annua- variation in geomagnetic activity was due to
supervosition of two annual waves one with April
maximam for toward polarity and other for away
polarity with October maximum. They suggested that
the enhanced activity is due to an effective southward
component of IMF in GSM system in correcponding
equinoxes when By is transferred from GSEQ system. It
ia assumed that when IMF has northward 6z, there is

no in-eraction with magnetosphere. HBerthelier (1976)
studied 'an' index of activity for its annual and
diurnal variation properties as a function of IMF
polarity. Bhargava and Rangarajan (1977) classified
Ap index occurrence from gquietest (Ap = 0) to most
distu-bed (Ap > 50) as a function of IMF polarity

and demonstrated the existence of both the components
of annual variation - one dependent on and the other
independent of IMF polarity. Recently Oksman & Kataja
(1981) studied the IMF influence on the seasonal change
in Dst and showed that towerd polarity wes associated
with spring minimum and away-polarity wes associated with
autumn min.mum, Both exhibit an asymmetry between
solstices, They concluded that solar-magnetosphere
coordinate system may not be adequate for describing
the 1ateraction between IMF and magnetosphere during
disturbed periods.



For low latitude field Nayar (1978) Nayar &
Revathy (1979) utilizing the data from hlibag showed
that the Dy influence changes as a function of time of
the universal day and season in close accordance with
the expectations of Russell-McPherron model and
Svalgaard. Rangarajan {1979) using data of several
low latitude stations between equator and Sy-foous
showed that By effect at low latitudes is through aon-
ionospheric souprces and that the effect has a local -
time dependence, especially for Bys.

Bhargava and Rangarajan (1978) compared the
polarity dependent and independent components of the
seasonal change at Trivandrun and Alibag and showed
that the polerity dependent component was in phase at
both stations and exhibited nearly same dependence on
the degree of magnetic activity, whereas polarity
independent component was nearly entiphase and differed
in magnitude.

Long-term changes in IMF W geomsgnetic activity

It is fairly well accepted that the solar wind
stretches the solar dipole magnetic field forming a
warped annular sheet in the heliomagnetic equator
which intersects the ecliptic plane in four corotating

arcs glving an epparent sector structure (Schulz 1973).-

The spiral sector structure has also been related to
the megnetic structures on the photosphere of the sun,
As the solar dipole magnetic field is known to undergo
a 22~-year (Hale or'solaf-magnetic) cycle, 1t was
expected that the sector-related effects also show
similar 'Hale' cycle effect. Svalgaard and Wilcox
(1976) defined a 'Hale' sector boundary as that half

of the sector boundary in the photosphere in which the
change of polarity is the same as the change of
polarity for the preceding to the following spot in &
bipolar sunspot group, They found that above the 'Hale'
boundary coronal green line hes maximum brightness

and above the non-Hale boundary it was minimum. The
ohotosphere mognetic field was also muca stronger
above the 'Hale' boundary, Using this concept of
'Hale' boundary Nayar (1979) showed that the index Ap
of magnetic-activity shows a sharp increase compared
=0 that around non-iale boundary when data for solar
cycles 18, 19 and 20 were combined, uayar (1931)
also showed that the solar wind velocity and number
density also exhibited such features, Lundstedt et al
(1981) computed the Ap variations around Hale and
no-Hale boundaries seperately for 3 solar cycles to
thow that the increase across a Hale boundary was not
Elways true and ettributed the results derived by
Nayar (1979) to the fact that the southward component
cf Bz was the responsible sgent, Rangarajan and Nayar
(1979) computed the response of low latitude field
chang~s related to sector-boundary passage for 3 solar
cycles separately for vernal and autumnal equinoxes
and showed that 'Hale' part of the sector boundary

-has no enhanced response in the low latitude field,

Long-term temporal variation of geomagnetic
response to IMF was studied by Arora and Rangarajan
(1981) who showed that -/+ boundary was associated
with variability in the magnitude of field response
whereas +/- boundary was unaltered, The temporal
evolution of the response during equinoxes for
bcundaries considered favoursble in Russell-McPherron
mcdel exhibits m 22-year modulation,
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Lunar variations and IMF

Rao and Arora (1977} suggested that es the
magnetospheric tail extends beyond the lunur orbit,
the sector polarity of IMF may have & lunar component
in earth's magnetic field. Using data of four Indian
stations Allbag, Kodaikanal, Annamalainagar and
Trivandrum énd geparating the days according to IMF
polarity they computed L variations for a period of |
high solar activity (1958-61, and found that for

. eway polarity, there was no equatorial enhancement in

contrast to 'toward’ polarity which showed considerable

enhancement at Trivandrum relative to hlibag. To
check whether this feature was solar-activity depen-
dent, the exercise was repeated for other groups

of yesr 1962-65, 1966-69 and 1970-73. The resulting
pattern was compleX, sometimés opposite to that for.
1958-61 group; for e.g. 196669 Trivandrum showed
lapger variations for taway' deys, This was again
indicative of some longer-period modulation of the IMF
response. ‘Using Huancayo H data for the period 1926-
1961 .divided into groupé according to low and high
solar asctivity Rao and harora (1980} found that
toward polarity have larger associated L variation

in odd cycles during high golar activity and less L
during even cycles, During low solar activity, the
responae was not consistent or significant. They
inferred from these results a quasi-stationary
solar-magnetic cycle in the response of L to IMF
pblarity.

AA

Goomagnetic bays & IME

Burch {1973) investigated the sector structure
dependence of auroral zone positive and negative bay
activity (respective measures 4 and AL). The
seasonal variaztion in AU was similar for both sectors.
Dur:ng passage of ‘toward! sectors AL peaked between
sprong equinox and summer solstice and for 'away!'
sec-ors AL peaked between fall equinox and winter,

At low latitudes geomagnetic 5ays occur close to local
midaight as large positive excursions. The occurrence
frejuency of low latitude positive, bays at Trivendrum
and Alibag as a functlon of IMF polarity was considered
by 2hargava and Rangarajan {1977) who found that

there is a large winter to summer decrease of bay
astivity for 'away' sector and the seascnal variation
was dominantly semi-anmial, For 'toward' sectors,
the seasonal change in occurrence was fairly consistent

]

" with Russell-McPherron hypothesis of enhanced activity

in April (Cctober) for toward {away) sectors, As a
function of local time, there exists a small time
difference in peak occurrence of bays at equatorial
gtation. Sastri (1979) examined the corrvlation
between emplitude and rise-time of bays at Kodaikanal
in relation to IMF polarity and found that the CC was
larger for away Sectors to conclude that IMF influences
not only the occurrence {seasonal and nocturnal)
pattern but slsc the cheracteristics of positive

bays, ’

Magnetic pulsations & IMF

With the availability of satellite observations
of IMF relationships between magnetlic pulsations



(PC1 to PC5, Pi1 and P1i2) have been extensively :
studied, Period and amplitudes pt PC2, PC3 & PC4
depend on the IMF magnitude ({Verc and Hollo 1977}.
Association of PCS5 with magnitude and direction of
IMF vector wss inferred by Gogatischwilli (1976). ;
Rao and Rangarajan (1977) studied the effect of
passage of sector boundary on pulsational activity as
rercorded at Chcttupal observatory near Hyderabad in
the period ranre PC3 to PC% and P11-Pi2. Some of éhe
main results of their gnalysis were '

1} maximum pulsational activity was in post-
passape period except for PC4,
2) Occurrence of PC3 was more frequent compared
to PCS near the boundary,
3) There 18 a clear difference in response
of pulsational activity of PC4 category
dependent on the type ‘of boundary.

. .

IMF influence on equatorlial ionospheric
featur-s have also been studied extensively in recent
times but this topic is considered outside the scope
of the present review and, therefore, not incorporated.

An elaborate bibliography of importznt papers
and Indian contributions to this field is appended,
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