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Fig. 1.2. International Quiet Solar Year (IQSY) daytime atmospheric composition, based on
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1.3 Energetics

EIE 500 ~ 600 km DE TR LIRIEE~ » 7 LIHIRT — 4 &5 ThbD. KB L > TT T X~
MTE DI, BEFREEIENE < TRAMROMEI AR > T0D. L L 2R RER T 5 &
FAREARE N & FREAMERN & WV S RN R BN S. EFHOBE N L Th, EERMMO 5
BT < A DN L ORISR % § 5T 5.

At ~600 km altitude (May,June,July; F10.7<200)
At ~600 km altitude (Equinox, F10.7>200)

Electron Density (cm-3)
Electron Density (cm-3)
5000000 -
1000000 |- D
500000 - > 7///////////;//
RO /////////////////
AN SN Y
BELILLIRRREKS // /
l,,,:,,z:::go 100000 - 2 //////
% 50000
0
15 — Geomagnetic Latitude (deg)
| 21 24
Local Time (hr)
Electron Temperature (k) Electron Temperature (k)

AT
IR
N

Pl
Silles

3000 3000

o
NS
7

=z Y
A o)
. &<

7,
B 7%
W2 %
s
““‘g

18 <
Local Time (hr) 22

At ~600 km altitude (Nov.,Dec.,Jan.; F10.7<200)
Electron Density (cm-3)

5000000

1000000
500000

100000
50000

18
Local Time (hr) 24

Electron Temperature (k)

3000

2000

1000

o

,

10 Geomagnetic Latitude (deg)

20

18
Local Time (hr) a2

X 24: BE 500-600 km @%’%ﬁ)ﬁ&iﬁ)ﬁ@v v P(ERNIZEH N R D)



Fo, BEICELTUIL 9 R d 5. TRITE HEREDOr— V2 A DZEEZR L THHDS,
BT HICE—=0 7 — =3 v b EMHINDIRENETE £ T ERDRHERALNDS. EH%
HEADOIREIL, PRGSO CTERE LS 100-200 km T 10 eV I2EEFDEYE L TOE,
JE Y DTF R~ ZARDERAANTEL 100 K (TRAF—TLTO.1 eV ELF) 12725, ZDL XY
DT T RABEED/NINEREN DTV, 20720, BT HFAENREZETERSTHRN
BHIIE T T A~ BE/ NS IR E MBS D T2 DIRENEL 10D, BUTIRD & 7T X< BRENK
ELBRDTOIREN T3> TL B.

82/04/11 HINOTORI Electron Temperature
Recovery phase

000 !
Orbit Number ) =

6191 3000 F

£ o %

2000 . x '-75_,»-%____.:“
x s e e
.

'y

x x
3 P * g
1000 (- " L i P

4000,
Orbit Number
6192 2000, p

& '\.. L
13 X' X

2000 | ?ﬁlﬁ{&ﬁq“._—-. w“"':__-.“_.‘* .
x ax Mg % iﬁf—. = x .
Y ) o I

4000

Orbit Number

6193 sy
sk h —— S a
2000 X a2 P g e i
- e e b -
1000 P 1
4000 ki

Orbit Number
6194

2000 F > S ... .
A x 2 i 0 S

006 ———— aainetl M |
1 «
4000 F .

Orbit Number 3000 |

6195 2 H
2000 e
oo // 2 %

1000

1701

6191‘ 6192 - 6193 o 6194 . 6195

Local Time

X 25: BFREEDO—HILE AL LELL



ZOXHIRBEOR—TNVE A DI EOMWEIL, FEEOBITIIZ ORI R A 720 B 2o Tz
DT 5. IREOT—HNE A MEIEHINRLZ 70O, FAU RS BB OBEL I X 77555 X~ D
A —JnA RISKREL 72D, 74 =LY bRVOZRAFT—NEN L SIS T LEST2T-
DIZEEZ BN,

24 HEFRINT 5 &, BTDOT T AIENIE I a2 U TR E TR A 52 Tnp 2 L
MEZ BIVD. TRILF—DE\IA-T T A< [T TR B Z DU TR DA FERA~TRA T
A, ZDE LR IBEIMEN =D L DR MAESN DL LN T U FTh .

Energy flow
Photoelectron—Electron — lon — Neutral

High Ng

Low T,

High T,

Plofsmo /

drift

upward / \f;rl.?fstmo
\ downward

Neutral wind

Low Ne

Neutral wind

Summer Winter

Fig. 5. Schematic illustration of the mechanism responsible for elev-
ating electron temperatures higher in winter than in summer
26: BTEEDIC L BRESMRE DS

ZOZEERLE DRI LR THEZ > TV D, FEIRED DM E T/ RATEEEDEY,
ZRET DL, HOME CRITEENDT D8 AET 5. £ LT, IREICE L T3z omk
EBAUC ERT 2 2 LR UTAEROMAET 5. SO 8D ICEHHE ORI IR M E N Lo, B
IZH Lo THIEZIIL TNV A.

LU s, BoltEEEORRIZ X 28T — X TIXE B E SIRE O IBIORIED, BEDE
W TIEDRN X 5 2RSSz, [ 26 OFEITBEAIT— & TR (filil) oL~ TR
DD LT 00, EEERITHOED > Tnad, —FH T, ROAIT—HFESFIH S
TWDETNLVOFRERTH DD, BEEAR D OT7 —2 IXERNAE S THZR0nOTIE? & b
5. (Mo fiTEEOENER L TND)



5000

4500 |

Electron temperture (K)

2000 |

1500 +

1000

4000

3500

3000 |

2500

(a)

Hinotori satellite

LT=1100-1500, Kp<3

5.8 6

Electron densitv (log (em~>))

Electron temperature in K

5000

4500

4000 -

3500

3000

2500 -

2000 -

1500 ¢

1000

(b)

IR1 2007

4.8

5

B 27 FEBRIC X 2ETFRE SIEE O ER

52 54 56 58 6 62

Tlandmnee dnmnlée: 2o lne -

40
4
35 2
£
30 o
=
g
25 £
=
20 3
2
15 £
E
10
=
5 2
=
<

OB ORER A T AR RS E L — 2 —DF— 25 B0 TWA, (1 27) Z O/
TEIHELD AN D01 A O AR (Bede B 1-2 km/s, Al 2% m-100m/s) &K,
BEZREL-7-H0T, 265 L0010 EEEMICED E)N > T AR5,

500-550km

Te

Ti

Te-Ti

F107=100-300, alt=500-550, LT=10-16, Kp<3, Te

10000

8000 -

6000 -

4000 -

2000 -

Te-Ti

X 27:

75

Millstone Hill 550-600km
F107=100-300, alt=550-600, LT=10-16, Kp<3, Te
260 14000 :
240 12000
220 10000
200 8000
180 6000
160 4000
140 2000
! 75
Ti
260 8000
240 7000 L
920 6000
5000
20 4000
180 2000
160 2000 .
140 1000
. e
.
g ? 7
Te-Ti
260 15000
240
10000
220
LA . .®
-e
180 Y '-’ .
180 0 . Sl
X , s
140 :‘, P ‘
- 1 £ N '!. 1 1 1
so00 45 5 55 3 65 7 75

Ne

(Te-Ti) increases with the increasing of electron density !
We have another problem !

Research never stops.

# FERESRIC L DETFEBE &IEEOX)SEER

F10.7



BN B TR LIREORSRIE, X 2T DL HITRDHEEZTND.
c BENRRKE N E R0 SAURES X T3 5.
o A A AT A L3570 CIRFEED 7=, HEFOIREE 0 I3,
5, BEERD LN ZEITKENEDT T v 7 ABHEZTEY, THREOIBE LB D.

Te
Tempetrature

Ti

Tn

/_y

Electron density

Solar EUV radiation flux

Electron density low - 2> > 2> > ->-> high
Solar radiation flux low high
Neutral temperature low high
lon temperature low high low high
Electron temperature high high low high
Te—Ti high low

28: BEEEICRB T HIEEREDTHE



1.4 Instability

BEREANZEEDNTEH SNA L) oT=Z omiFTOONE DI, ANTHHE & #h FCE = 2iBEDOkL
FU(GHz B0 WHz ) DJFRZ AR H 5. TRO L 9 ITHEZAIRAT 5 ZOERHEORIUL, &
D DIREMITTE L BT D &V )RS E § - Tz

Nov. 30 - Dec.1, 1988

T T T T =T

Relative Amplitude

(dBm)
=110

-125

Received Power

Local Time (hour)

X 29: #Rx RPERFETOHMEBRDOILN

i mm JICAMARCA
600} . mm o - 50MHz BACKSCATTER
36 = 19 MARCH 1977
E 500t 24 =
x 12
o, 400r €
3> 300} ‘
t 30 . RN ] "é\
5 200} . . ~ L. .
2 _
100 i o ; PP e
T T T T T T L T T
19 20 2l 22 23
75°W TIME
ANCON GOES -1
137 MHz
19 MARCH 1977
28
24}
@ 20
=
TS
(73]
12
8t .
4 -
A
" T " T T T N T '
19 20 21 22 23
75° W TIME

X 30: BEFROBIELEE(L) L HEEROENOXM G



AYL—TOFREE FOBINGIE, BRNLAED D LT T X< AL, ZORE LT T A<
FALUTOSERT DR DN, vk i3 A CF U CHIE Sz ERR A 7D &,
75 XD LW U< L TREOBROFMARAE LTS & 5 ITE U Hh o R
Te. —EZOL S IENR I TODYY, KA DFRIFEOBIGN RS K 912k olz. Zo8is
DI OITFE LB SNTAER, 31 OBRWES DR T ER OGO, EEER 300 km (217
T 2 EHERED 1-2 RERE ORI A 7 —/V CRE T o L &1L, B FHmICE B ST
ORERIZEET D EF 200 I BITEEEAEEKOEE S 13X HIZHT RO b ONRR2 5

Jicomarca Vertical Backscatter ot 3 meters
March 21,1979

{000 _
900+ : j;; . 2 ;€~
800+
7004

600+

Altitude, kilometers

19:00 21:00 22:00 23:00
Local Time
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al. (1981). Reproduced with permission of the American Geophysical Union.)
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Fig. 1.2. International Quiet Solar Year (IQSY) daytime atmospheric composition, based on
mass spectrometer measurements above White Sands, New Mexico (32°N, 106°W). The helium
distribution is from a nighttime measurement. Distributions above 250 km are from the Elektron IT
satellite results of Istomin (1966) and Explorer XVII results of Reber and Nicolet (1965). [C. Y.
Johnson, U.S. Naval Research Laboratory, Washington, D.C. Reprinted from Johnson (1969) by
permission of the MIT Press, Cambridge, Massachusetts. Copyright 1969 by MIT.]
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Superrotation in Thermosphere

3007 ~10days circulation
Atmospheric superrotation: 43 m/s (CHAMP), 20 m/s (HWM)
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Average zonal wind between 10 S ~ 10 N. Green line: HWM (mainly based on DE2
measurement); Black lines: CHAMP. Good agreement at high solar flux levels on the
night side, but a 3-4 hours phase shift between two sets.

Liu et al., 2006
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Atmospheric Super-rotation at 400 km altitude
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DEZ2  _450km altitude Zonal Neutral Wind 18-24 MLT
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Figure 3. (left) The eastward zonal wind and (right) electron density altitude-latitude profiles at 20 LT and —15°E longi-
tude. (top) Default conditions (Case 1) and (bottom) the no-viscosity condition (Case 3). The magnetic dip equator is at

about 10°N geographic latitude. Kondo et al.’ 201 1
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Nonmigrating Tides
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Figure 3. Integrated electron content at every 50 km altitude interval from 150 km to 450 km altitude observed by the
FORMOSAT-3/COSMIC during 2000-2200 local time period during around September Equinox, 2006.
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a Electron density at 400 km height x10°

Geog. Latitude

Geog. Latitude

—180 =120 —60 180
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Figure 1. Distribution of the (a) electron density in unit of cm ™ and (b) neutral density in unit of 10~'% kg during
14-18 LT in the geographic coordinates near equinoxes in 2002. .
Liu et al., 2009

¥ 52 (L) : EFEESM
(F) : T 2 D0

FIRED L, BFEELSMI T TRFHTABESMIBONTHLRELIICHZ T



SCIAMACHY Water Vapour: Monthly Mean October 2003
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ExB drift in F region

Geomagnetic field line

Electric field mapping

Global cooling

~100km Disturbance of E/F region dynamo

Tidal waves
Gravity waves
Planetary waves

Global warming
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Earth

X 54 : EAEEREER G D A T = X Lo

HENOGEHBLUTEZER I L METHE L, 2L > TH L MNaoEL DA
i, FOFREREENIEEL, TN FET A ETL L W) A =R AN B I
5.



Medium-Scale Traveling lonospheric Disturbance
(MSTID)
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The Earth’s plasmasphere is a torus of
cold (~1eV) and dense (~103cm-) plasma
in the region of the inner magnetosphere.
H* is the principal ion with ~20% He".

From dusk From north

cusp

plasmasphere

plasmapause
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Plasmasphere
corotates with
the Earth.

Plasmapause

Magnetospheric
convection

Plasmaspheric erosion (plasma tail) is the result of
enhanced magnetospheric convection.
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Convection-E-field Corotation-E-field

Fig. 6.1. Configuration of the convection electric field (left) induced by the solar
wind plasma interaction with the magnetosphere and the corotational electric field
(right) for contours in the equatorial plane (after H. O. Rucker [196]).

Separatrix

Fig. 6.2. Superposition of the convection and corotational electric fields. Theoret-
ical illustration of the areas which are separated by a separatrix (left) and typical
values for the potential difference in the terrestrial magnetosphere (after H. O.
Rucker [196]).
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Corcuff et al., 1972
Septembre 1968 The location of the
(01- 05 ML) plasmapause
depends on the
magnetospheric
disturbance.

Ne (cm)

Wave-like irregularity
in the plasmapause
results from transient,
localized processes
associated with
substorms.

Plasma is supplied
continuously from

Carpenter and Park, 1973 ionosphere.

(Refilling)
Lpp =5.7- O.47Kp
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Plasmapause Crossings by CRRES
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o A NOVEMBER 12, 1981

- S e O" ion density reaches values
o T comparable to the H' density
o —— in the region L=3-4.

o e (Horwitz et al., 1984)
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Boundary Condition: H+ density at 3000km altitude.
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Axford [1968] pointed out that the lighter ions must escape
from the earth by the flux of escaping photo-electrons with
energies greater than 2.4 eV, and suggested the ion escape
speed of ~10 km/sec.

This phenomenon is called ‘Polar Wind’.

The polar wind is important as a source of magnetospheric
plasma [Shelley et al., 1982; Moore et al., 1986; Chappell et
al., 1987].
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Near magnetic pole, Akebono/SMS
all ionospheric ions are flowing to Magnetosphere.
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Akebono (EXOS-D) = e
A < Kasaharaet al., 2000

Broadband Noise

e
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Plate 6. (a-c) Kp dependence of the broadband noise at 5 Hz.
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20 GW energy flow rate

POLAR/ Toroidal Imaging Mass-Angle Spectrograph
Lennartsson et al., 2004
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Figure 2. Average (a) escape flux and (b) escape rate of planetary ions versus solar wind dynamic pressure. Average
escape flux (diamonds) is here the average outward flux of planetary ions along a spacecraft orbit in the tail outflow region.
Total escape rate is obtained from the average ion flux and multiplied by the cross-section area (see text). Solid box marks
average values for all orbits.
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Fig. 4.1. Cold and hot (*) density dlstnbunon corresponding to medium solar ac-
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Fig. 4.2. Cold and hot (*) density distribution corresponding to medium solar
activity of atmospheric constituents in the Martian atmosphere. The hot O* and H*
particles follow ballistic trajectories up to high altitudes above the cool background
gas (courtesy of U. V. Amerstorfer).
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