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Energy Input from the Sun

e Solar radiation
- Soft X-ray, EUV, UV
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Electromagnetic (EM) Energy Mapping
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EM Energy Injection in Auroral Oval

Statistics of Electric Fields (Kp: 0+ ~ 2+, Nov, 2003, Sep, 2005)
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Statistics of Electric Fields (Kp: > 5-, Nov, 2003, Sep, 2005)
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Energy Exchange in the lonosphere
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Poynting's theorem

Energy exchange :>
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Electromagnetic (EM) energy » V-S+j-E=0

exchange under steady state

NNy qem, EM energy «J E=j.-E +u-(jx B)mpim neutral mecha-

exchange rate nical energy rate
% U
" q;. ion-neutral frictional heating
(sometime called Joule heating) rate
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EISCAT Incoherent Scatter Radar

The mechanism of Thomson
scattering in terms of dipole
radiation of an oscillating electron.
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EISCAT Incoherent Scatter Radar

The mechanism of Thomson
scattering in terms of dipole
radiation of an oscillating electron.
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EISCAT Scientific Association

The mechanism of Thomson
scattering in terms of dipole
radiation of an oscillating electron.
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Smaller one. Three radar systems in
Northern Scandinavia.

Arecibo: 300 m. Too large plate.



EISCAT CP2 experiments inTromsg

Four beam directions. « 25-day data from
September 6 to
September 30 in 2005.

o] | | _ e« O-day data from
g i B e | November 11 to
i - s [ ] November 19 in 2003.

« The datain 2003 is
supplemented for active
conditions.
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What are calculated?

( qp =op-E?

g7 =j - (E4+uxB)
Qm:u'(jXB)
\QEM:qJ+q'm

Goals

» To study the height-resolved energy exchange rate, Joule
heating rate, and mechanical energy rate in the E region.

» To illuminate the geomagnetic activity and MLT dependences of
the altitude profile for each energy rate through a statistical
study.

» To understand how the neutral wind affects the dissipation of
1k electromagnetic energy input from the magnetosphere.

UNIVERSITY of OULU E&i
QULUN YLIOPISTO )




content

Background

« Energy Transfer Rate Profile

. (2 Conclusion

UNIVERSITY of OULU E,i
QULUN YLIOPISTO 9,



(degree)

EF
az

Altituce (km) Altitude (k)

Altitude (km)

Electric Field and Neutral Wind

tau2|:lnl. TRO.‘24~Sep72005 | QU | et d aytl m e

E 44 _
=
E 34
e * qp XE?, qg X 0p.
51
S ol
100+ -
] e q,: structured in
0 ] ]
altitude.
100+
700 1500
1 G st_ructured, mainly
10 g negative.
3« Neutral wind is making
work.
RE -, .
2/ * qgum: small positive
8| and negative values.
=135
W
B,
#"| » Height-integrated
&l values, Q;~|Qm].
-135 o

-180

09:.00 09:30 10:00 10:30 1100 11:30 12:00

Universal Time

Altitude (km) Altitude (km) Altitude (km) Altitude (km)

Q (mMW/m?)

h+]
(=]
o

—————l

Energy Transfer Rates
tau2pl, TRO, 24-Sep-2005

150 IO'ami
=
1071033
100
200 10"
10°
150 ot
2
IO-TU?&J
100
200 10"
10
10°® a
100 3
+ 10" g
10710 3’
-10°®
200 10
10.5
108 o
150 0 2
+ 10712 g
L1010 3@
100 10®
10
J| —a (180)

0 W
ol r,/—.
Irf"‘\f N n —Q,(180)
0.5 ’Iﬂw‘ Lm\.f ;j M &H [

\‘-\\r“\.f‘J h

—Q,(180)

| —a,(180)

09:00

T T T T T
09:30 10:00 10:30 11:00 11:30 12:00
Universal Time

» During the studied daytime, EM energy input/outputis very small.

» Winds are making work, which is dissipated as Joule heating.

UNIVERSITY of OULU E,i
QULUN YLIOPISTO 9,



Electric Field and Neutral Wind
tauzpl, TRO, 12-Sep-2005
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» Strong EM energy input from the magnetosphere
» Winds make work at highest altitudes, but are a loader in E region (g, > 0);
» Mostly, both EM energy input and neutral winds contribute to Joule heating;
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Statistical Study

Statistical Profiles of Energy Exchange Rates, Kp: 0+ ~ 2+
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Low activity

O Neutral wind is the main

source of height-
integrated Joule heating in
all MLT sectors.

Neutral wind is the main
source of Joule heating
above 125 km.

Strongest enhancements
of EM energy input and
Joule heating rate are in
the midnight sector. The
peak height of g, is about
145 km, and that of gz, is
bout 120 km.

The dissipation of EM
energy takes place
between 100 km and 140
km.

UNIVERSITY of OULU

QULUN YLIOPISTO

B




R —
Statistical Study Median activity

Q In the evening and midnight

Statistical Profiles of Energy Exchange Rates, Kp: 3-~ 4+ sectors, EM energy
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Statistical Profiles of Energy Exchange Rates, Kp: > 5- Hi g h aCtiVity
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Conclusion

* Neutral winds are the main source of Joule heating
under quiet conditions, while EM energy dissipation
dominates on Joule heating under active conditions.

* Neutral winds affect the altitude distribution of Joule
heating especially at high altitudes.

* EM energy dissipation enhances with increasing
geomagnetic activity. The maxima takes place at 120
km.

S Mainly, EM energy dissipates on Joule heating.
™ However, some EM energy goes to neutral winds at the
: altitudes between about 115 and 140 km under active
conditions.
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Thank youl!
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