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The convection electric
field penetrated to mid and
low latitudes as detected by

magnetometers

Hashimoto et a. (JGR 2002)

coherent

Baker Lake (BLC, 74.26° N, 326.55° E GM)
Fort Churchill (FCC, 69.25° N, 331.56° E GM),
Meanook (MEA, 62.28° N, 304.99° E GM),
Glenlea (GLN, 60.08° N, 328.53° E GM),
Boulder (BOU, 49.18° N, 319.15° E GM),
Fresno (FRN, 43.11° N, 303.24° E GM),

Del Rio (DLR, 38.93° N, 325.92° E GM).
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Prompt Development of Partial Ring Current

Onset of the increase in the polar cap potential

J Onset of the partial ring current

BET124
(8@05 L L B B L B B L —
T i T T T T T L Lol '

L ow latitutle

74N (2310}
AMS {2?‘30)

| TAM (2210)

TAN (71930) -
MBO (2040)

TaAM (7830)
“|ese (1700)

o
’
S

5

10 nl/div,
W

(5 nT/d

MBO (1700)

H{HON (¥100)
U4 (0630)

A

SJe (1320)

| kak (0800}

PPT (0840)

:

HON (0820)

;

it
K=

FAK (0230) AMS (071060)

i
|

i |
3
Universal Tirne

Ta L1
kS

g RIS I N ARV IR HVERYEN SANUN I SR
20 21 22 23

o
o
~
~
~
L]
By

(Hashimoto et al., JGR 2002)



Asymmetric ring currents
caused by the convection
electric field in the inner

magnetosphere

(Hashimoto et al., JGR 2002)

September 5, 1995
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How was the convection electric field
transmitted into the inner magnetospher e?
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1.

FTE

It would take 15-30 min for the FTE to
compl ete the 1onospheric convection,
Inconsistent with the quick development of
the nightside ionospheric convection
(Ridley et al., 1998; Ruohoniemi and
Greenwald, 1998) and of the partial ring
current (Hashimoto et al., 2002).



Fast Mode In the magnetosphere

* Thefast mode reduces an imbalance in the
magnetic pressure distribution. It hardly
drives rotational motion of plasma, except
for the convection during the main phase of
the SC.



Possible propagation modesin the
lonosphere

* F-region: Fast mode waves in the F-region
waveguide are severely attenuated because of
the cutoff frequency at about 1 Hz.

* E-region: Diffusion mode waves are severely
attenuated.
» Earth-lonosphere Waveguide: Zeroth-order TM

mode waves propagate at the speed of light
with no cutoff frequency.

(Kikuchi and Araki, JATP 1979a, JATP 1979Db)



Earth-lonosphere Waveguide M odé€
O M ode Propagation

Kikuchi et al., (Nature 1978, p.650)
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Excitation of the TM 0O mode

Transmission of EM energy into the Earth-ionospher e waveguide
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Three-layered Earth-ionospher e waveguide
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Electric and magnetic fieldsin thethree-
layer ed Earth-ionospher e waveguide

In the magnetosphere
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Poynting flux in the threeregions

Upward Poynting flux in the magnetospher e (leakage from the ionosphere)
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Theionospheredrivesthe convection In
theinner magnetosphere

E,(x)=E,(x) U(t _7)

a

1
Exl(x) = Z, +2 HyV(x)
A 1

5 = 1 :1 /p
oV, By \ o

The convection electric field in the inner magnetosphere
depends on the ionospheric conductance and the plasma
density of the inner magnetosphere.

The velocity of the convection decreases with increasing
lonospheric conductance and magnetospheric plasma density.
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Equatorial enhancement of
DP2 and DP1 (substorm)
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L atitudinal Profile of the DP2

Magnitude [nT]
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Correlation between the auroral eectric field and
midlatitude magnetic fluctuations during the DP2 and
substorm events
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R1- and R2-FACsElectric Fields

R1FAC
R2 FAC

R2 FAC

Ring Current
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Estimated electric

fields associated with Aoril 20 1993
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DP1 Current System

M agnetospher e-ionospher e current system is composed of the R1 and R2 FACs and
lonospheric currents. The equatorial CEJ connects with the R2 FACs, which
become dominant when the R1 FACs decay rapidly because of the northward
turning of the IMF.

R1 FACs Generator in the
Dayside Outer Magnetosphere

R1 FACs

R2 FACs Generator in the
R2 FACs Nightside Inner Magnetosphere

R2 FACs

Eastward Elecirgiet
P1) Partial Ring Current

. / Reversed lonospheric

Currents at Mid-latitudes
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1. The potential difference between the ionosphere

: High plasma pressure region

and ground is transmitted by the TMO mode - - Convostontectnc el gamrto-dus

wp :Poynting flux

In the Earth-1onosphere waveguide.

2. A fraction of the energy of the TMO mode penetrates into the
magnetosphere, but the attenuation of the TMO mode is much
less than the geometrical attenuation due to the finite size of the
polar cap potential difference.

3. The upward transmitted electric field will drive the convection
In the iInner magnetosphere.
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