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[lijima and Nagata, 1972]
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DP 2 AND INTERPLANETARY FIELD

Quasi-periodic DP2 magnetic fluctuations
are caused by convection electric fields

controlled by the southward IMF.

(Nishida, JGR 1968)
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The magnetic IMAGE Magnetometer chain
ol e 9 perturbations are caused IMAGE Magnetometers 930420
W by the ionospheric Hall [N ase
currents.
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Overshielding occurs when the
R2 FAC electric field overcomes
the R1 FAC electric field when
the R1 FACs decrease rapidly.

(Kikuchi et al., JGR 2000)
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@%EW%(EEJ, CEJ) Magnetometer chain in the afternoon sector
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Latitudinal profile of the DP2 "Auroral latitude
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April 20, 1993 / 1200 — 1345 UT
High Latitude
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The excellent correlation between the high
latitude and equatorial DP2 suggests near-
instantaneous transmission of the electric

Time [uT] field and current to the equator.
Equator
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A current circuit is completed
between the R1 FACs and the
equatorial currents.

Enhanced Pedersen Current

(Kikuchi et al., JGR 1996) -
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(Hashimoto et al., JGR2011)

The H-component decreases
gradually at all mid latitude

stations, caused by the partial ring
current.

The D-component deflections are
negative in the morning (BOU,
TUC) and positive 1n the
afternoon sector (GUI, MBO),
which should be caused by
1onospheric currents closing with
the equatorial CEJ.
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R2 FACs
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(PRC-R2FAC-CEJ[E¥)

R1 FACs Dynamo in the
a Dayside Outer Magnetosphere

R2 FACs Dynamo in the
Nightside Inner Magnetosphere

‘.e R2 FACs

Eastward Electrojet
(DP1) Partial Ring Current

Reversed lonospheric
Currents at Mid-latitudes

Equatorial

Counter-Electrojet (Kikuchi et al., JGR 2003)
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convection appears
equatorward of the
sunward convection.

The latitudinal features of

the convection flow |
implies development of
the R2 FACs.
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-R1FACH A 7F % (dynamo currents (red) and
the R1 FACs (black))

Region- 1 FAC

[Tanaka, JGR 1995]



3-D current system
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A ring current-R2 FAC current
circuit 1s completed between the
inner magnetosphere and auroral

ionosphere at the onset of the
substorm.

Substorm R1 FACs are generated
by the dayside cusp dynamo

MA/m? 00074 0O

(Tanaka et al., JGR 2010)
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(Tanaka et al., JGR 2010)

FAC (lonosphere)
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(Courtesy of Fujita and Tanaka)

Both the R1 and R2 FACs increase significantly during the expansion phase in
agreement with the observations.

The R2 FACs are strong enough to cause the overshielding at low latitude.
integrated FAC
—

Substorm onset

15 B Growth phase




Advantages of the current description
[Alfvén, H., Cosmic Plasma, 1981]

it 1s advantageous to translate the traditional field description
of plasma phenomena 1n space into a current description.
This gives a deeper understanding of those phenomena in the
following respects:

(1) The circuit representation demonstrates the importance of
boundary conditions which have often been forgotten.

(2) By studying the electromotive forces driving the current
and the regions of dissipation, the energy transfer from one
region to another i1s more easily understood.

(3) Certain types of important current-produced phenomena,
including the formation of double layers, are difficult to
understand without accounting for the current explicitly.




Magnetosphere-ionosphere-ground (MIG){z 1%

[2EBITRILF—IRIE

Transmission line equation
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Magnetosphere-ionosphere-ground (MIG)
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R poyning flux|

(Kikuchi, JGR 2014)

! FAC-1 Magnetic field line
(-) ()
Pl
R ®

Inner magnetosphere

[0) O]

Polar ionosphere

' X X s Pedersen currents
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Earth Wave front currents of
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