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An Introductory Review of Magnetospheric Physics

Takashi Okuzawa

Abstract

This paper provides an introduction to basic concepts about magnetospheric physics for the beginning students,

focusing on the interaction of solar wind with the Earth's magnetosphere for substorm as well as quiet

conditions. The origin of the solar wind 1s also emphasized. Substorm research has not revealed all of the facts

so far. However, this indicates that research on this complex phenomenon will be highly fruitful in near future.
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Fig. 1 Magnetic field lines of a magnetic dipole at the center of the
earth. North 1s on top, where field lines enter the earth.
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Fig. 2 Earth's magnetic field ines formed by the interaction with the
gsolar wind: The low-latitude field lines have a roughly
dipole shape, while the high-latitude lines swept round over
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the poles to form a geomagnetic tail.
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Fig. 3 Schematic illustration of the magnetic-field topology and the
classification of plasma regions 1in the magnetosphere mn the

noon-midnight meridian plane.
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Fig. 4 Schematic picture for the toroidal-shape distnbution of
high-energy particles surrounding the earth: Both VB and
curvature dnfts contribute to generate westward current
(ring current), while magnetic mirror effect yields bouncing

motion between the two hemispheres.
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Fig. 5 Chapman-Ferraro current flowing on the outer boundary of
the magnetosphere to oppose the entry of solar wind.
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Fig. 6  Electrnic current flowing 1n the magnetotail.
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Fig. 7 Height profile of the 1onospheric electron density and main

constituents: (a) daytime, (b) mghttime.
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Fig. 8 Height dependence of cyclotron and collision frequencies
for both electron and 1on species.
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Fig. 9 (a) Large-scale distribution of field-aligned currents flowing
down to and out of the 1onosphere from the magnetosphere
(after Iijima and Potemra” ).
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Fig.10 Schematic illustration of the convective motion of the
magnetospheric plasma m the magnetic equatorial plane by

a viscous-like interaction with the solar wind, which was
proposed by Axford and Hines® .
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Fig.12 Time evolution of an auroral substorm (after Akasofu'” ).
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Fig.13 Schematic 1llustration of the connection of southward IMF
with the magnetotail in the noon-midnight meridian plane.
The magnetotall combines with polar 1onosphere via
magnetic field lines.
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Fig.14 (a) Solar-wind dynamo defined as the condition of J+ £<Q,
which 1s operating on the magnetotail boundary surface.
(b) An electric battery cell for comparison purpose.
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Fig.15 Penetration of the cross-tal current into the dipole field
region to modify the shape of the dipole field line.
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Fig.16 Correlation between the mterplanetary quantity ¢, the
auroral electrojet index AE and the ring current index Dst
for the storm of 9-14, June, 1974 (after Akasofu'® ).
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Fig.17. Equivalent circuit of the interaction of the magnetosphere
with the 1onosphere, resulting in auroral discharge. Both
Z.and Z; will be dominated by inductance.
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Fig.18 Sketch of a synthesis substorm model with four stages of
substorm development. The first, second, and third
columns 1llustrate substorm features m the ionosphere,
noon-midnmght cross section and neutr]l sheet region of the
magnetosphere, respectively (after Lui'” ).
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Fig.19 Cuwrent disruption in the cross-tall current which forces
current diversion mto the i1onosphere. This leads to the

formation of the current wedge and imjection front earthward
of the disruption region.
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Fig.20 An x-type neutral point of the magnetic field: Thick hne
shows plasma flow, and thin lines magnetic field hnes. If this
point occurs on the dayside magnetopause (see Fig.2), then
the left-pointing arrow on the top corresponds to the
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Fig.Z8 Schemstic pidure for the velocity varigtion of solar-emitting
plasma for one period of solar rotaion.
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