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Observations of ionospheric electric field with the Hokkaido radar and
HF Doppler sounder in midlatitudes and ionospheric currents with the
magnetometer at the equator
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Today’s talk

m Electric fields and currents during the
geomagnetic sudden commencements (SC)

m Magnetosphere-ionosphere current circuits
across the magnetic field lines in the equatorial
plane and along the field lines and 1onosphere



Field Strength [nT]

Ln
]

|
Ln
-

HF Doppler frequency [Hz]

20041230 H—component

|

YAR
1530LT

SW_H_Spesd
kma

06:25 06:30 06:35
Universal Time

20041230 Station: ORI

B MHz
1530LT

|||rr1|||r11||__|_rrr1|||r11 |rr1|||r11||r

15:40

SC/SI-1

Solar wind density and speed

BG SWEPZACE Solar Wind Elsctran Praten Alpha Menitar HO>64—asc Level 2 data

050000 051500 03000 054500 ORE0KOD ORS00 063000 OR4500  07:0000
04 Dec

30 D4 Do 30 D4 Dew 30 D4 Do 30 D4 Doc 30 D4 Dew 30 D4 Do 30 Dé Doe 30 D4 Dew 30
THE RENGE=2094/12,/30 (365) to 2004/12/30 (36%)

Plzaze acknowledge dato provider, D, ot SWRI ond COAWeb when using theas data.
Generated by CDAW b M Jul 21 21:58:58 2014

AH >0

Compression of the
magnetosphere

Af <0

Upward motion of
the 1onosphere




SC/SI-1

20041230 YAP-—KNY

& Equatorial
B lonospheric current
5 intensification
_41.'_1{!]3:2[!' 06:25 06:30
Universal Time
Station: ORI Eastward electric field

/

Upward motion of
the 1onosphere

—
]
I
el
c
L]
=)
[= o
bt
—
o
[+
o>
(o
.
I

15:30
JET




Field Strength [nT]

2000

—-200L

HF Doppler frequency [Hz]

100 |

100

05

20030218
—

H—component

IIIIIIlIIlIIlI

lllllllll

1 L 1 L | 1 L 1 L | L 1 L 1 | 1 L L 1 :
:00 05:05 05:10 05:15
Universal Time
20030218 Station: ORI

0
-1
_2 1 1 1
14:00 14:05 14:10 14:15
JST

14:20

MMB

OKI

15 MHz

18 MHz

1 1405LT

SW_H_Spead
km/g

SC/SI-2

Solar wind density and speed

G SWEPZACE Seolar Wind Electron Proken Alpha Menitor HO»64—aec Level 2 data

Oz 4000
03 Feb 18

O35 00
0F Feb 18

Cud2000
03 Feb 18

TIME RANGE=2003,/2/16 {49) to 2003/2/15 {4%)

Flzoze acknowledge data provider, D. . MoComaz ot SWRI ond CDAWsb when uaing theas data.
Generated by COBWeb on Tus Jul 22 02:54:35 2014

Compression of the
magnetosphere

AH <0
Rarefaction of the

Af <0 magnetosphere

Upward motion of
the 1onosphere

Af >0

Downward motion
of the 1onosphere




Field Strength [nT]

—
N
T
—
>
QO
=
[F]
3
o
]
e
“—
-
£
Q
Q
O
]
L
I

20030218 YAP-OKI

05:10

Universal Time

20030218

Station: ORI

SC/SI-2

Eastward (westward)
equatorial ionospheric
currents

X

Eastward (westward)
electric field

/

Upward (downward) motion
of the ionosphere



Field Strength [nT]

H—component

20041109
—

200F T . :
. 1 MMB
100 F -
W OK]|
of .
: 4 YAP
—-100F -
1 SMA
_200 : 1 1 1 1 | 1 L | 1 1 | 1 1 L 1 :
22:40 22:45 22:50 22:55 25:00
Universal Time
20041110 Station: ORI
3§ T T T g
¥ o2F 3
O 35 MHz
o c 3
=3 E E
o F =
g o
-
a 1E E
] £ E
(] E 3
w —2F E
- S 38 MHz
_35 1 1 1 E
07:40 07:45 07:50 07:55 08:00

SC/SI-3

Solar wind density and speed

G SWEP=ACE Selar Wind Electron Proken Alpha Menitor HO=64—aec Level 2 data

H_DenEity
40

SW_H_Speed
km/g

22:00:00 22100 222000 223000 224000 2250600 250000
Q4 Moy 9 Q4 Moy 9 Q4 Moy 9 Q4 Moy 9 Q4 Moy 9 Q4 Nev 9 Q4 Moy 9

TIME FANGE=2204/11,/9 (314) to 2004/11/% {314}

Flzazs acknowledgs data provider, D, J. MoCemaz ot SWRl ond CDAWeb when uaing theas data.
Generated by COBWeb on Tus Jul 22 00:30:44 2014

No response

AH >0

Compression of the
magnetosphere

Af <0

Upward motion of
the 1onosphere




SC/SI-3

20041109 YAP-OKI

~
(@]

Equatorial
lonospheric current
Intensification

22:50
Universal Time

Eastward electric field

/

Upward motion of
the 1onosphere

N
o

Field Strength [nT]
o
o o

|
N~
(@]

20041110 Station: ORI

HF Doppler frequency [Hz]




Field Strength [nT]

20031029 H— t
R TR SC/SI-4
200; .
: 1 MMB
: Inductive
: 1 KAK . )
_ electric field?
: OK|
YAP
=300 Ly Ly Ly
06:11 06:12 06:13 06:14 06115 AH >O
Universal Time .
20031029 Station: SGD CompreSS|0n Of the
_F T T s ke magnetosphere
% {8 MHz Af >0
2 & Downward motion
. of the ionosphere
15:11 15:12 15:13 15:14 15:15

JST




SC/SI-4

SC with pulsations

20031029 YAP-OKI

Equatorial
lonospheric current
Intensification

06:13
Universal Time

20031029 Station: SGD Westward Pl electric field

/

downward motion
of the ionosphere

Field Strength [nT]

—
|
T
.
>
o
-
o
>
o
o
e
-
p-
o
o
o
o
]
L
I




Response of the 1onosphere to the compression of the
magnetosphere during SC/SIs
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How Is the potential electric field transmitted to the mid-
equatorial latitude ionosphere?
(Magnetosphere-ionosphere-ground transmission line)
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MHD simulation of the Pl and MI field-aligned

currents and their dynamos §
From Fujita et al. [2003]
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Magnetosphere-ionosphere-ground (MIG)
transmission line [Kikuchi, 2014]
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Transmission line parameters Magnetosphere-ionosphere-
d, =80,000 km (length of the FAC transmission line) g rOu nd (M I G) transm ISSIOn I I ne

d, =8,000 km (length of the EIG transmission line)

w = 2,000 km (width of the FAC and EIG transmission lines)
| =2,000 km (separation of the FAC transmission line)

h =100 km (separation of the EIG transmission line)

V, =1,000 km (Alfven speed)

%, =8 mho (height-integrated conductivity of the polar ionosphere)

%, =0.2 - 30 mho (height-integrated ionospheric conductivity of the EIG)
Intrinsic impedance

Z, =V, =1.26 ohm

Z,, = ,c=376.7 ohm

Characteristic impedance
Z, = uV, =1.26 ohm

Z, = 376.7£ =18.8 ohm
W

Reflection and transmission coefficients Ervyrrw! SR VN Y
]

_RZ,-Z(R+Z,)_

= ~0.821
RIZZ + Zl( Rl + ZZ )

TIound

dZ

— 2R122
t RlzZ +Zl( Rl+ZZ )

=0.179

The transmitted electric and magnetic
fields excite the TMO mode wave.



Summary

m During the SC, the dayside midlatitude
lonosphere moves upward when the
magnetosphere is compressed and moves
downward when the magnetosphere is rarefied.

= The ionospheric motion iIs well correlated with
the 1onospheric currents which are intensified at
the equator.

= The electric field responsible for the 1onospheric
motion Is a potential field in the ionospheric
currents transmitted from the magnetosphere via
the polar ionosphere.

= The Alfven-TMO mode wave combination
enables the electric potentials to be transmitted to
the midlatitude ionosphere.
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