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goboogboooon

14 0JO0O0Oooooood

141 ODOOO0OOO0OOOOOOO0OD0

gdoddodoooooooobooooooooooooooooouoooao
do0odooOooDO0oooobOoobOoobOo0odoooobOoooOoooDoooaon
gddotddouoouoodooooobooobouoobooooooooooooon
O (Brace et al, 1982a) 000000000000 O000O0O0DO0OOOO (Taylor et al.,
1980) 000000000 200km 0000000000 OY000O0ODOOODO HY
000000000000 000000000000 (Luhmann et al., 1982; Grebowsky
etal., 1983) 0 IMFOO00000O0O0O0OOOOO0OOOOOOOOOOOOOOOOOO
0000000000 IMFOOOOOOODOOOOOO (Marubashi et al., 1985 )00 0O



6 g1ag 0o
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2.1 Pioneer Venus Mission
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Solar Wind
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— | = — . (KV -Tg) = — ————3k(Ts — T; .
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77/
K; = 4.6 x 10* 11/2 (eV/cm sec K) (3.6)

0000 310bddddoooooboooboooooooooooOo 3.2000
oo000d0d0ooooooooo 330o0boooooooooooooo 34000000
O00Onsmsvse =y, 1000000000

00000000000000 me<m; 00000 neme2ee < nym;Zs% 000
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Vpe = nee.E = —n.eE (3.7)
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0 3.1: 0000000000 [Shunk and Nagy (2000)] 00000

0oQ 0000 (cm?/sec)

Ot +H—H"+0 6.4 x 10710

Ot +CO; — CO§ +CO 1.1 x107°

O +e—0+0 1.95 x 1077(300/7.)%7 for T. < 1200 K
7.38 x 1078(1200/7,)*7 for T, > 1200 K

O +N = NO+*+0 1.5 x 10710

0 32: 000000000000 [Shunk and Nagy (2000)] 00 000

Species  Vep (sec™!)

e, H 4.5 x 10709 (H)(1 — 1.35 x 10747,)T,/?

e,0  8.9x 107 "n(0)(1+ 5.7 x 1074T,)T/?

e, COy  3.68 x 1078n(CO2)(1 + 4.1 x 107114500 — T,|*93)
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0 3.3: DDDDDDDDDDDDD[ShunkandNagy(2000)]DDDDDDDDDTT:
(T; + T,,)/20

Species T, (K) v, (sec™)

OFH  >300 6.61x 10~ "n(H)T,/*(1 - 0.0471og, T;)2
O™, He 1.32 x 10~ 1% (He)

0F,0  >235  3.67x 10-1n(0)T1/%(1 — 0.0641og,, T})2
0", COy 8.95 x 10719(COy)

O, H 0.65 x 10~ 19,(H)

O3, He 0.70 x 10~ 19 (He)

05,0 2.31 x 10719(0)

03 ,COq 5.63 x 10719(COy)

034: 0000000000000O0[Shunk and Nagy (2000)] D OO OO

Species vy (sec™1)
0F,05  0.26n(03)/T27
0F,0"  0.13n(0%) /Tg7+2
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ggdoboooobobboooouoobbooouoboobboonbobbooouoobobooa
goooooo 7.59><109eV/cmZSeCDDDDDDDDDDDDDDDDDDDDDD
000000000 1%000000

ubobooboobbooboobobg 200000000000000000O00O

3.2.2 0O0O0OO
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gbboobobooboobobobooobuooboooboboobobobodobo
ooobo kmOboboooboobooboO 320000



3.2, ODO40oOoOOooodg o1

2000 rrvw

-
(o]
o
o

1000 |

Altitude (km)

500 |

PETTIY I

PEEWRTITT BT PETTTY AT PETTIY BT TTT
10° 107 10°

Density (cm-3)

031: 0000000000 (N)DOOOOOOODODOOOooooOoooooooo
0000 orbit 530 inbound DO OO0OOOODODO 1500250 km O0O0O0OOOO VIRA
gobogbobooobuoobbooobooobbooboabbd

Heat Flux
Magnetic field line

A

— 2000 km

— 100 km

032 0000000000b0b00booboobbooobooobooobooboboOoon
obobobobobobobooo



52 ug3g oOooaoo

3.23 UU00OO0OOOOOOOOOO

gbooobobooboobooooobobooogbooboooobobooooboon
(10)0o0o0o0U00ol1O0Dl10UOOODOODOUUODODODOOOD 3300000000
0 ooboobooooboobooooooooooog mokm oo O
goooooobooobbooD 1000km O 3693 KODOODOODO 2000 km OO 4589 K O
oooboob 7mokm OOO0D00OD0OO 10000000D000000O0000O0O 200 km O
0010000 40KOOODODOOO0O0OO0O0O0 200km 0 1x10°em™2 00000
000000000000 48eV/emisec00001 00000000 0.37 eV/cm3sec
ubobO1oo0booboobouobgoobobbobooboooboobooboonooan
ggboobooobbooobbuooobbooobobbooobuooobboooboboo
googob wooboobodD 200km 0 1273 KO0000000O0O000O000O0O0O00O0
0000000 (034)000000000000000000 29eV/cm?sec00000

000000000000000000000000000000000000000
000000 10'em® 0000000000000 D0O0OO00OOOOOODOOOOODO
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000 10°em™® 000000000000 0OO

ugbobodbgobobboboobuoobobooboobobobooobgoon
gboooboooboboooboboobooboobobooboooob 20000000
goooboooboobobobbob oxrboobOobbbbobbooboobooo
gboooboboooooobobooboboobobooboobbobobOogn 1000 km
U0 18 KOOO 100g0oo200KO0D00000000000O 1000000
goobooboo oo0bobooobooboboobooooboooobooboobo
oboobog 1000 km OO0ODODO0O0O0O0O0DODOO0OO 30 KOOODO 3633 KO
oboobobgoooob wobgooobob ob 3000 9wokmObonoooonO
gbobobobobobob

gboobooo woobobboobooobobobooboboboobobobogon
000000000000 00O0O0O0O00OoOooooD (D 34)0

gboooboboobooboobobbobooooboboooboobooooon
gbooooobobooogbobooooooooboobobbobooooobooboon
300km O000000O0OO0O0OOOOOOOOOODOOOODODODODODODOD
oooooooooooooob wwokm D000 obObOobDODOoOOO
gboobooobobooboooboobobooboobobooobobooboboob
goboodboo woooboobboooboobbooobooaobbo



3.2, ODO40oOoOOooodg 93

2000 ———
[ ——_x01 |
x1 -
500 + | T X107
E i
'5 J
8 1000 | ]
= I ]
o ]
oy
# p
< 500 -
0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 2000 4000 6000 8000

Temperature (K)

033 000000000000 010010010 00000DOO000OOO (T,)ODODO
000 (;)b0o0o0000oooO000oOo0o00oooO00oooooooooooo
gbobobobob

3.24 U000OO0OOOOOOOOOOO

0000000000000 0000D00000000Do00oDooonoo
0000000000000 00000000000000000000000000
7.59x 10° eV/ecm?sec 0 0.1 00200500100 000000000000 350000
000000000000000000000D00000000000000000oo
00000000000 1000km 0000 01001 0020050010000000
000000001911 KO3692 KO4502 05848 KO7128 KOO OOOODOOOOOO
100000000000000 2000000000000000000000000
goooooooooo

oooooooooooboobbooogooooooboDobD 100 km D000 OO0
0000 1759 KO1 0000 2495 KO20000 2629 KO5 0000 2740 KO 10 O
000 282K O00000000000 1000000000000010%0000
gobooooboobooooobbooboooobbooboo0 1ooobboOo0D 200 km O
049 eV/em?sec 00 00DD0DDDODOOO0 1000000000 32% 000000000
oo



54 ug3g oOooaoo

2000

[
(o
(=]
(=]

1000 |-

Altitude (km)

500 |

0 2000 4000 6000 8000

0 N N 1

Temperature (K)

034 000000000000 10000000000000 (Tep)00oO0OO0O0O (T)D
gboooobooboobooooboboooobobooooooboobooooboobn
oon

googbooooboob 200000000000 0D00DOOOODODOO 200
JOoggbooobobobboobooboobooobbooboobooobobooobbon
goobooboooboooboobobobobooboboobobooboobooobooon
gboboboboboooboooooooooo

3.25 UU0O0OOOOO0OO0OO0ObDOOOOd

000000000000000000 200000000000000000000
0000360000000000000000000000O0O00DOOO0OOOOOO
0010 000000000000000000000000000000000000
000000000000000000000000000000000000000
0000000000000000000000000000 150000000000
0000 200 km O 0.90 eV/cm3secO0 00 500 km O 0.14 eV /ecm3secd 0 O 1000 km O
41x107%2eV/emisec 000 0000000000000 ODO0O 10°0000000
0000000000000 0000000000000000000000000a0
00000000000000000000000000000000D00000000
000 1km/sec 0000000 1.9x10°00000000000000000000
0000000000000 D000000000D00000000 (000000000
00000000000000000000000)00000



3.2, ODO40oOoOOooodg 95

2000

[y
aQ
o
(=]

1000 |-

Altitude (km)

500 |

0 2000 4000 6000 8000

. = ..l

Temperature (K)

0350000000 759%10°eV/em?sec 0 0.1 001 00200500100000
000000000 (T,) 0ooooo0 (r)booooooo0o0o0o0o0o0oopbooo
gooboboooooboobobooboobooboobooooboboobooo
gobodgbooobgooooaobod

6000 ALY | LEMRRALLY | LEMRRALLY | MELRALLL | AL | LEMRRALLY |

Te 1450 km
Py L 1100 km ]
) / 750 km
@ 4000 :////"*’ ]
E 400 km
()]
-3
g 2000 | -
(]
=

Ti 800 km
0 Y | PR ]

21110 P | s sl s 2l s el P
10 100 1000 10* 10%  10°
Time (sec)

[

0360000 (T,)0OODOOO () bOOODODOOOOOOOOOODOOOO 1O
000000000 10° 0000000000000



o6 ug3g oOooaoo

3.3 Uonoouooooon

3.3.1 0000

0000000000 0000000OY 0000000000000 O0Nooonon
000000000 000 0m/sec000000000000000000D0O00OOO0O
D000000 25km 00000 150km 00 2150 km 000000000000 3.2
0000000 250km 000000000 VIRAOODODODOOOOOOOOOOOO
000000000000000000000000 127K0000000000000
0000000000 300KOOO00O00 150km 000700000 1.0 x 10* em™30
Of 00000 1.0x10°em™3 0000

uboobuoboobooobobooboboooboobobobooboobooooboooon
0000000000000000000000000 CIp-CCUP O (D00, 2003) O
gbooooboooooboboooooooooooboobobooooboboobn
gobodobooooooobooon

3.3.2 0000

gooobdooboooboobooobobooboboboobooboboobooon
gbbobobuooboobobbobobooboobobbobooboobooon
gobooboooboooobooboobooboboobobbobobooboooboon
0000000000000 0O0000000000000O00000 Om/secdOO0O
0000000000000000000 HfOOOOOoOoOOoooooo Oofooo
000000000000000000000 Of0000000O0oOoOooOOo

3.3.3 U000

gboobooboooboobooboobobooboooobooooboobogooon
00000000000000000000000000000000 7.59%x10° eV /cm?sec
0000000000ooooOooOO0o0o0O0oO (o 37oooO0oooDooDUooboooo
gboboobooobooobooobboobooboobobbobobooobooooboon
gbobobobob

Ot 0000000000000 00O0O00DO0D0D0O0O00OO00OD 25km 00000
00000001000 km 00 110 em™302000km OO0 5.1 em™2 0000000000
DDDDDDDDDDDDDDEIDDDDDDDDO;DDDDDDDDDDDDDDD
500km 0 1.7em™? 00000000000 175km 00000000 1.3 m/sec O



33. Dooooaoboobon 57

0000000000000000000000000 1000 km 00 31.4 m/secd 00
2000 km 0 606 m/sec 00 0000000000000 0000O0OOOOOO OO
000000 4.8x10°ecm™2sec™ ! 0000

OobOoobDOo0obOO000O00000 2000km O 4556 KOOOOOOOOOOODO
Oo0000o0ooooot000o0o0o00oooooooon 250km 000 187
KOoOooooooooobooooboooooboooooboboooobobooo a7s
kmO0O0O0O 217 KOOOOOO s km 00000000 0OOOOOODOOODODOODO
ooob0ooboboboooobooboboboOD 1000 km O 206 KOOO 2000 km O 193
KDDDDDO;DDDDDDDDD 250km 0000 189 KOOOOOO 350 km OO
gboooboooboboooboboooboobooan 216KDDDDDO;DDDDDDD
00000000000000O0T0 0000000000 D0D000D0o0oOooOoo
goo

000000 oOt0O0000000 38000000000 10nTOODOOOTOOO
000000 6.0x107%sec”! 000000000 250km 0000 O 0DOOD0DO0O
0000000000000000000000Y 000 150km 0000000000
0000000000000000000000000000000000000000
0O0tO0O0O0O0 1000KOODODOODOO0ODODO00O0O 17km 0000

3.3.4 000000

goooooooboboboooobobooobobobooboobobobooo
sdd30budbooogobuobooobbuooboobboobuoobbooboobn

Case1: 000000000 (7.59 x 1019 eV/ecm?sec) 00000

00000000000000 1000000759 x101%eV/em?sec 0000000
00000000000000000T 000000000000 3.900000000
00000000 10000000

gboboooboboobobobooob0obOo 1000km O0OO0O 100000000
o0b0O00DO0o00O000000 1000 km O 7029 KODODO 2000 km O 8794 K OO O
gb32400000000000000000000D00DO0O0DODOOOOODOODODO

000000000000000000000000000O00Ooootooooon
gboooboooobobboooboooboobOo 400km ODDOOO0ODOOOODOODOO
00000 1000 km OO0 310 000 1901 m/secd 00 2000 km OO0 510 000 3657



’ 030 00000

2000 f —

--= 05
1500 |

1000

500 |

1 102 o7
Density (cm-3)
2000 |
,E 1500 |
(]
E
2 1000}
ord
N
L |
<
500 |
o S
0 200 400 600 800
Velocity (m/sec)
2000 | .
(c) ——
»==» Electron .
1500 |
1000 |
500 |
TP
0 * y . & o A A A A
0 1000 2000 3000 4000 5000

Temperature (K)

037 000000000()OFT000 O 00000(M)O0r0000(c)O0tdO0;
0000000000000 D0000D000000



33. Dooooaoboobon 99

500 . r
y — o
Y R — H
ey He
—_ 2 e i . | |
g 400 o
a ! ‘s, H 2
()
=)
= g T
X 300} % %,
= % RN
y—
<
200 |
108 1 102

O* Collision Frequency (sec-1)

0 3.8: O O ODHDHeDNDCOQDCO;DDDDDDDD

m/sec 000000000000 Of 00000000 ODODOODOODOOODODOOOO
gboboooboboobooboobooobooboobobooboobooooobooobooan
000000000000 1000 km OO 1770 000 -279 m/secd 00 2000 km 00O
1350 000 -166 m/sec 000000000000 OOOOODOOOOOOOOODO
bobobobooboobooooobobobooboboooooboboobooooon
000000000000 10*00000000000000000

ot 000000000000 D0DN00O00O0O0ONO0OO0DOD 1000 km OO 00
470 0000 1.3x102em™2 00 4.7x102ecm™3000 2000 km 00O 00510 0000
78m 3 00 1.2x102em300000000000000O000O0O0OOO0OOOOO
00000O0oO0oOooooootooUO0D00O00UO0DNO000OooO0ooooon
000000000000000000000Oot 000000000 NO0oooonon
0000000000000000000000000000000000 200km 00O
0000000 Ot00000000000000000 Of 00000000000
0000000000000000ooot 0000000000 oooonoooono

0000000000 Ot000000000000O00O0oO0ooooooooooa
gbobobobooboooboboboboboboboboboboboboooon
ubobobooobobobooooooobooboboboboboboooooon
00T0000000000050000000 1500km 00000000 0KOOOO



60 ug3g oOooaoo

gbbobooboobooobobbooboobuoobobobobooboboooboon
gbobooboooboooboobooboobooboobobbobooboobooobon
021x10*0000000000000

00100000 Ot 00000 1.3x10%em200000000000000000O0O0
90000 1.0x 10* 000 Ot 0000 9.0x10°ecm™ 200000

gbooboobooboboobobooobobong O;DDDDDDDDD%ODDDD
00 400km OO0OODOO0OOODODOOO 226KDDDDDO;DDDDDDDDD
00000000000000000000000000000000 Of0o0ooOon
000000000000000Oot 0000000000000 OoOooooooooa
DDDDDDDDDDDDO;DDDD Ot000U000D0DO0ooOootUoOoDOoOoOn
gboboobooodgd O;DDDDDDDDDDDDDDD4000DDDDD ot ooo
goboooobooooooo O;DDDDDDDDDDDD

Case 2: 000000000 (7.59 x 108 ¢V/em?sec) 010000

00000000000000 1000000759 x 10% eV/em?sec 0000000
0000000ooo (0 3100000000000 b0U0U0 1000ODODOOO

gboboboooobobooboobobooboboobob200 00000000
00O0bO0bO0bO0Db0OD0 1000 km O 1889 KO2000km O 2361 KO OO OO3.24 0
goboobooobooboooobooboooboobobooobg

000000000000000000000000T000000000000000
Ot 00U0DoDOot0UI0NDDDO0DDO0ODDO 1000 km OO 1250 00 -2568 m/sec]
00 2000 km 00 1620 00 -490m/sec 000D DOY D000 DDOOOODOOOOO
gbooobooboboooboobobooboooobooDO 1000km 00 1310000
1781 m/sec0 00 2000 km 00O 1660 D00 3158 m/s 00 0000000000000
goboboboboboboboboboboboboboboboboboboo

000000000 Ot0000000000000000onoe2s 000000 1000
km O 828 KOODO 2000km 0 872 K OOOODOODOOOOO OFr000000O00O0O
000000000000 00000000000000000000000o0ooo0a
000000000000000000000 16000000000000000000
0000000000000000000000000000000000000000
020x10*00000

Ot 000000000000 D00D0D00000N0DN0N00NoOooOooooot



33. 0O0O0OO0oOoOooOd 61

Electron Temperature (K)

2000
8000

1500 6000

1000 4000

2000

Altitude (km)

500

0 5000 10*
Time (sec)

2000

1500 1000

1000

Altitude (km)

500

0 5000 10*

2000 [

© 3000
1500
2000

1000 1000

Altitude (km)

500

0 5000 10*
Time (sec)
0+ Ion Temperature (K)
1

2000 300

1500 200

1000
100

500

Altitude (km)

0 5000 10*
Time (sec)
02+ Ion Temperature (K)

2000 300

1500 250

1000
200

Altitude (km)

500

0 2000 4000 6000 8000 10*
Time (sec)

039: 0000000 10000007.59x% 109 eV/em?sec 00000 (case 1) 00
00000t 0D000D0000DDoO;y 0000



62 ug3g oOooaoo

0booboooooboboboboboboobDbon 500km O 660 0000652K 000
1000 km O 680 0O DOO82KOODO 2000km O 69000 930 KOOOOUOOOOOO
000000000000000000000 Otooooooo

001000 DOOO0O Ot 00000 80 x 107 em20100002000 DO OO0 9.0 x
1007 em 2 0000000000000000000OO0O0 3000000000000
000

ot00U0o00OOoooOooOoOooOooon O;D otoooOooOooOoooon
oobobDoobobOoboboobOogssoubonoonD 300 km DODOOODO 275 K O
0000OoT 00000000 0OU0OU0O0O 1700000000000O0OYODOOOO
DDDDDDDDDDDDDO;DDDDDDDDD

3.3.5 0U0O0OoobDOoon

ubooboobooboobooboobooobobobooboobobooooboooon
gooobooobooboobobobooboobooboobobobbooboobooo
gobodgbboooboobbooooooboooboab

Case3: 00000000 (759 x10° eV/em?sec) 0000000000000

0000000 7.59%x10°eV/em?sec 000D O0OO0O0000000000000000
03110 000000 0000000000000 0000 3.120 O;DDDDD
googd

gboobobobooooooooooboboboobono s1oboooooooboon
gboobuoobooboboobooboboobooboooboboboobooon
0000020km 000000000000O0O0OO OtTO00000O0O0OOOOOOO
000000000t 00000000 D0N0D0N0ND0N0NDND0N0D0N0oOoooOoon
00000000000000000000000000000O0T 0000000 1000
km 00 1790 OO -2587 m/sec0 00 2000 km O 2530 00 -438 m/sec 000000
00000000 Ot00000000000000000000000000O0oOn
oboboboobooooooooobooboonDg 2000000 45000000 20000
0000000000000000000000D0 case2 (0 310000000

0000000000 Ot00000000000000000000127000000
0 1000 km O 678 KO1280 OO ODODODO 2000km OO 749 K OOOOODOOOODOO
000000000000000000000000000 Of00000000000
0000000000 Ot0000000000000000000000onoooon



33. 0O0O0OO0oOoOooOd 63

Electron Temperature (K)

2000
4000

1500 3000

1000 2000

1000

Altitude (km)

500

0 5000 10*

2000
1500
1000

Altitude (km)

500

__ 2000 F
é 1500 F
2 :

1000
2
3 500

0 5000 10*
Time (sec)

0+ Ion Temperature (K)

__ 2000
E 800
& 1500
° 600
g 1000
S 400
-
< 500 200
0 5000 10*
Time (sec)
02+ Ion Temperature (K)
- 2000 Ti 300
g 1500
° 250
-
1000
2
5 500 , 200
0 2000 4000 6000 8000 10*
Time (sec)

03.10:039000000000000000 10000007.59x 108 eV/cm?sec O
0000 (case2)d



64 ug3g oOooaoo

gobodgboobobooooobod

Ot 000000000000 0D0000 250km 000000001000 00000
020km 00 OF 0000 5.7x100em™3 000000000 7.7%x10°ecm™2 00
30000000000000 Ot00000000000000D000O0000O0oOo
0 1000km 00 500000000 1000km OO0 1000000000000000000
0000 60km 0000 OY000000000O0D0O0O0DOOODOOOOOOOOOD
00000000000000000000001000kn OO 1990000 13 cm™200
0 1500km 00 2810000 1.8em 30000000000 650km 0000 OF OO
00000000000000000004000000000 300km 000 OFrO0ODO
000000000000 OoOt000O00D0OO0O0OOo o oOt000DNNNnOoONonOoonn
0000000 O 00000000000 Of 000000000000

001000 0000 OT 00000 47x108em™20000000000000000
oo oooooooooooooooooon

O 000O0O0D0O00O000000000 150km O 5000000000 300000
84 cm™2 000000D000D00D000 O 0 OT0D0O000O00O00DODDOO5000
000000 200km 0 22x103em™2 000000000 O 0000 6.9x10% cm™?
D00 68% 0000000000

O;DDDDDDDDDDDDDDDDDO*‘DDDDDDDDDDDDDDDDDDD
otoooooooond O;DDDDDDDDDDDDDDDDDDDD 500 km O OT
gbobobobobobob 200 boo O;DDDDDDD 200K 00000

Case4: 000000000 (7.59 x 101 eV/em?sec) 0000000000000

0000000000000D00D0D000 1000 7.59x%x10YeV/ecm?sec 000000
0000000000000000 (0 3.1303.14)0

goboobobooboooobbo iooboooboooboonoDb 10000000
gbobobobobob O+DO;DDDDDDDDDDDDDDDDDDDDDDD
oooooooboobOod 1000km O 7092 KODOO 2000km O 8794 K ODOOOO
0000 casel (0390000000000

Ot 0000000000 casel (039)0 case 3 (0 3.11)0000000000O0
gobobooboboobooboobobobooobooboobooboobooo
gbobobboobooboboobooboobuoobuooboboobobbobooo



33. Dooooaoboobon 65

Electron Temperature (K)

2000
’E 4000
£ 1500 3000
'qg’ 1000 | 2000
| 1000
2 500

daiiaiiiibiidiaii bbbbbis 1 Didssesasenis 1 it R R R o
—2000 0 2000 00 00 8000
Time (sec)

0+ Density (cm—3)

2000 A -
g 1500 1000
o
S 1000 1o
-

e 10
i 1
—2000 0 2000 4000 6000 8000
Time (sec)
0+ Velocity (m/s)
2000 F . ' "
E F 1H 2000
& 1500 it
3 5 1l o
1000 | -
2 : 5
5 500 | 4 —2000
5 i ] ] g ] i ] : E
—-2000 0 2000 4000 6000 8000
Time (sec)
0+ Ion Temperature (K)
__ =000 F N i 7
& 1500 EhE
o ]
g 1000 4H 00
:‘: -
5 500 E | 4 H =00
EriiiiWH#iﬁiiii{###iiiifii##iiiiiiI n s it 4 1 " 1 1 3
—2000 0 2000 4000 6000 8000

Time (sec)

0311: 0000000 7.59%x10°eV/em?sec 0000 0000000000000 (case
3y 000o0oootoooUOoooooo



66 ug3g oOooaoo

02+ Density (cm-3)

2000

E 10*

& 1500

o 1000

g 1000 100

=

S 500 10
—_— X | 1 1 " 1 1 1

—-2000 0 2000 4000 6000 8000
Time (sec)
02+ Ion Temperature (K)

2000 F ' S ' ; ' "~ g s00
& 1500 £ 3H 250
o i ]

'Y 1000 F 3H =00

] ¥ h

3 500 F | 1§ 150
—-2000 0 2000 4000 6000 8000

Time (sec)

0312 0000000 7.59%10°eV/em?sec 0000 0000000000000 (case
3)0 Oy 00000000



33. Dooooaoboobon 67

gboboubboobbobbobbobboboobooboobuoobooobooo
000000000 1000 km OO 300000 1717 m/secO 00O 2000 km OO0 500 O
00 3404 m/sec 000000Case 1000000 O0DODOOOOOOO 10000000
000 10%0000000000000000000000000 Of0000000O
gbobobooboooobooboobooooboobooooooooboooobooon
00000000000 Ot0000000000o0oO0oOooooooooooooan
00000 1000 km O 1450 0000 -1457 m/sec0 00 2000 km OO 1130 0O OO
371 m/sec 00000000000 casel J0000case3 00000

00000000000 OfT000000000000 1000km OO 33000 77.2
KOOO 2000km OO 61000 173 KUO00O0O0OO0O0O0O0OO0O0OOOODOOODOOD
00tT000000000000000000000000000000O0O00D0OoOon
0000 OT0000000000000000 1000km 00 193000 446 KOO DO
2000 km OO 192000 552 K00000Case 3000 Ot 00000000 DOOOO
000000000000 Case4 00 400 KOOO O 00O 30000 50000000
0000000 case3000000000Case3 00000000 DOOOOOOODOO
goboobooooooooooboo

Ot 0000000000000 0000000000000000000Og 1000 km
0330000 362ecm 2 0000000000000 3002000km 0000 63000
08.8ecm? 0000000000000 10000000000000000000O0
00000000005000000 OFf 0000000 500km O 94.9 %0 1000 km O
89.1 %02000km 0 73.4%0000000000 case300000000000000O0
000000000000000000000000000OT 00000000000
gboboobooobooobobobooboboobooboobobooboooboon
ooootT00O0000oooOoot0U0O00D0D0ONOo0NDO0UO0OoOO 300km OO
gbobobobobooboobooboooooooooooon

001000 00000000 OO 86x%x10°em20100002000 0000 1.3 x 10% cm—2
00000000 1000000000000000000000000010000000 OF
00000 casel 000 100000

O;DDDDDD case3DDDDDDDDDDO;DDDD Ot ooooo Of 00
000000o0ooot 000000000 0DO0UO0DO0DNO0DO00OOODODO 16000
RN O;DDDDDDDDDDDDDD 400km 0000 231 KOOODODOOOOO OF
DDDDDDDDDDDDDDDDDO;DDDDDDDDDD 400 km OO OO 1780
000000000 12 KO000000000 Of0000000000ooooooo
O000o0ooOo otoooooooono O;DDDDDDDDD



68 o300 DbOoogo

Electron Temperature (K)

8000

6000

4000

2000

Altitude (km)
—
)
S
S

500
Eii ! 0
—-2000 0 2000 4000 6000 8000
Time (sec)
0+ Density (cm-3)
. 10*
_E 1000
§ 100
55 10
<
—2000 0 2000 4000 6000 8000
Time (sec)
0+ Velocity (m/s
- 2000 TR ::
j; 1500 2000
1000
B 0
3 500
—-2000 0 2000 4000 6000 8000
Time (sec)
0+ Ion Temperature (K)
__ 2000 il o
;a; 1500 : 400
9
3 1000 200
B
2 500 R T e
—-2000 0 2000 4000 6000 8000

Time (sec)

03.13:0311000000000000000 10000007.59 x 10'° eV/cm?sec
O0000000000000 (cased) O



33. Dooooaoboobon 69

02+ Density (cm-3)

2000 108
10*
g 1500
p 1000
g 1000 100
b
2 500 10
! ——— 1 l 1 l 1 l 1 1
—2000 0 2000 4000 6000 8000
Time (sec)
02+ Ion Temperature (K)
__ 2000 F ' T g 800
§ 1500 | 4R 2s0
o i ]
S 1000 F g 200
= C
—-2000 0 2000 4000 6000 8000

Time (sec)

03.14:0312000000000000000 10000007.59 x 10 eV/cm?sec
00000000000000 (case 4) O



70 ug3g oOooaoo

Case5: 000000000 (7.59x 108 eV/em?sec) 0000000000000

0000000000000 0D0D000D 1000000 7.59 x 108 eV/ecm2sec 00O
O000000000000000 (O 3.1503.16)0

ugoboboogbbdugdlicoo bgobobuooobuooboobuoaoobbuooooo
0000 1000 km O 1889 KOO DO 2000 km O 2361 KOOOOOOOOODO case 2 (O
3.10) 0000000000

Ot 00000000000 case2 (0 3.10) 0 case 3 (0 3.11)0000000O0ODO
oobooobooooboooD oo km OO00OO0O0OO0O0ODOODOODOODOODO
WBOokm OOODOO0OO0OODOOODOODOODO3000000000000O00ODO0ODOO
0000000 700 km O 1500 000 -3267 m/sec0 0 0 1000 km O 2160 0 0O -2910
m/sec 00000O0OT 00000000 DODOOODOOODOOOOOODOOOOOOOOO
000000000000 0000000 1000km O 2310000 784 m/secd 00 2000
km O 2760 000 3014 m/sec 00 O0O0000000000000O0O000000O case
2000000000case300000000000000 OT000D0O0OOOOOOO
00000000000000000 Or0000000000000 1000 km O 4370
000 259 m/secd 00 2000 km O 4580 00 2916 m/sec O OO0O0O00O0OO0OOODO
10000000000 1ooboboobo

00000000000 Of000000000000000o0o0oooooooon
gboooogooboboobobooboooboboooooboobbbobobobooobooboobn
gbogoro 000000 1000km OO 941 KOOO 2000km OO 983 KOOOOO
00000ooooot 0000000000000 oO0oooooOooOooooooa
00000000000000000Case200000 OT00000000OOOOOO
oooboboboboobooseoodbonoon 3a25km 0000 290K OO0OO

ot00000000000000000000000000Y000000000 case

30000 1000000000000000 case3000000000000000
0000000 700km 00 1540 00000 056 cm™301770 00000 6.9 cm™3 O
00000000000000006000 0000000000 10em™ 0000000
Otr000 10000000 80x10"em™?2 0000000000000 O0DOODOOOO
OOCase4 0000 200000

O;DDDDDD C&S63DDDDDDDDDDO;DDDD case2 00000001 O
0000000000000T 0000000000000 1400000 84000000
O30km 000 275 KOODOOO



33. Dooooaoboobon 71

Electron Temperature (K)
; ; :

2000

4000

1500 3000

1000 | 2000

1000

Altitude (km)

500

—2000 0 2000 4000 6000 8000

Time (sec)
0+ Density (cm—3)

2000
E ‘ 10t
:; e 1000
S 1000 ”
: | ' 10
2 500 | W

L 1 p— i i 1

—-2000 0 2000 4000 6000 8000

Time (sec)

0+ Velocity (m/s)
. - .

2000 F ' /
& 1500 | |
3 ;
1000
2 : 5
5 500 | i —2000
F i ] g ] H ] i ] ; -
—-2000 0 2000 4000 6000 8000
Time (sec)
0+ Ion Temperature (K)
__ 2000 | ' ' ' B
§ 1500 4[] &°
o 1H eo0
g 1000 3
£ 400
)
< 500 Tl =00
" 1 " 1 " e
—-2000 0 2000 4000 6000 8000
Time (sec)

03150311 000000000000000 1000000 7.59 x 108 eV/cm?sec
0000000000000000000 (case 5) O



72 ug3g oOooaoo

02+ Density (cm-3)

__ 2000 1o°
4
;g; 1500 10
o 1000
g 1000 100
2
3 500 10
o A 1 1 1 1 1 A i 1
—-2000 0 2000 4000 6000 8000
Time (sec)
02+ Ion Temperature (K)
__ 2000 F ' ' 300
§ 1500 250
3 ]
1000 [
g C 200
res C
< 500 ] 150
—-2000 0 2000 4000 6000 8000

Time (sec)

03.16: 0 3.12000000000000000 1000000 7.59 x 108 eV/cm?sec
O0000000D000000 (caseb) O



73

40 OO

4.1 UU00OO0O0OoOobooooooon

00000000000000000000000000000000 (IMF)OODO
gbooooboboooobobooboobob0O0IMFOOODOOOODODOO
gboboboboboobooobooboo IMFOODODODODODOOOOOOOOOO
gobobobooboooboobobooobobbobobooboobooobooon
gboooooboooobobooooboboooobooboboobooooooooboobn
gobodboooboboobooobobooboobbooboobbooboobbon

goboobooobooboboboboobbooboboboobooboboobooooonog 1600
gbooobooboooboboboobooboooboboboooooo 20000000000
ooboooboooooooooooon 16000 200000000000000000
gboboboboobobo wobobobobobobobobo

0000000000000000 5 %1072 Pa (Luhmann et al., 1987) 000000
gooobouobboobbo oboobUobbOUobUoUobDUobOoUobboOoobUoobDoDbo
0000000 (Luhmannet al., 1980) 000 00000000000 OOOOOOODO
O00000000000000000000 (Grebowsky et al., 1983; Marubashi et al.,
1985) 000 0000000000000 00O0O0O0O0000OOODOOO0OObOOD
O00000000000000 (Luhmannet al,, 1981) 0000000000 OOOO
Oo00ooo00oooo0oooooooooooooooooooooooooooon
oooogoog

gogoobooobbooooooobobbbooooooooobooobbooboobooboobo
o000 E=-vxBUOOOOOOOOOOvOOOOODOOBO IMFOOODO
oooboboboooooo0 ExBOOOooobooboobboboooooooooo
0000000000000000000000 30nTOO0ODOOT0O0OOOOOOOO
1.8x107 sec™! 0000000000000 0ODDDDODODODOOOO 150 km 000
00000000000000000000 150km 0000000000 OO0O0 OO
oooooobobooobbodobD ExBOOooooooooooooobooooooo
gbboboobogbuoguoobuooboobobbobobooboobbooobooon
000000000000000000000000000000000 (Marubashi et



74 040 OO0

al., 1985) 0 0 00 000000O0O0O0OODOOOCOOOOOOOO0OOODOOOOOOO
gboobooboooboooboboobooboboobobboboooboboooobooon
gooobooobooboooboobooboobooboobobooboobooon
gbboobuogbooboboobuoobobooboobobobboboobooon
gbobooboooboooboboobooboboobobooboboooboooboon
goboobooooboobooo

oodbguooobobooobobuoobobuoobobooboooobuobooobo
000000000000 000000000000000000000000 (Tanaka,
1993; Tanaka and Murawski, 1997)0

goooboobobooobooooobooboboooobobooob 41000000
gboboboboboobo IMFOODODODODODODOOOOOOOOOOOOO
gboboobooobooobooobooboobooobobobbobooboooooboon
gboooboboooobooooobboobooobooboboooboobooooboobo
gbooobuooboooboouoobuoobooboboobooboobooobobooo
gboooooobooboooobobooobobobobooboobooboboboobo
gboboooobobooogboboooooooobobooboooooboooobooboon
gbooboboobooobuooboboobooboboobobbobooobooo
gobooboooboboobooboobobooboobooooboooooon

IMF IMF

=B E - R R E =RE-EBRPRE, EBE

U 4.1. 000000



42, 000D0OO0ODOODOODOODOO 75

4.2 OQU0O0OOOOOOLOOOOOO

000000 IMFOOOOOOO0O0OOO0OO0OO0O0OO0OO0OO0O0O0O000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
00000000000 (Milleret al, 1980) 00 00000000000000000O
O000000000IMFO0O00000000000000000000000000
000 (Phillips et al., 1988) 0000000000

uboooooboobooobobooboboobooobobooobobooooboooon
gooobooboobobooboobobobooboobooobbobboobooo
00000000000 000000D000 (Braceetal.,, 1987) 00000000000
gboooboobooboobooboboobooboboobooboboobooon
goboobooboboboobooboobobobobobbobbobobobobooo
gbogboboboboboobobobobobobobooboboob 1sobugo
gobobooboobbobooboobobbobobobobooboobooboon
go0IMFOODOOODOOOOOobOoooobooobooooobooboobooboobo
O000000000000D000000 (Braceetal.,,1987) DO 0OOO0O0OOOOO

gboooboboooooooboobooobooboboooboobboboooobon
gbobobobooboboobbobobobobobbobboobobobobobooboon
goobooobooboobobbobooboboobobooboobooobooooboon
gbooobooboooobooooooobobooooobobooooboboobooon
obobobobobooboboboooooooooooboOon gbi11o0b00O0n 2500270
0000000000000000000000000000000 10°em™2 0000
0000000000000 0000000000000000010°em=2000000
gboboboobobooboobuooboobobbobboouoboobooobooo
goboobooopoooobooooboo

000000000 10°em® 0000000000000000O0OO000D0DOO0
gobboobooboooboobobboboobooboobobobooboobonoon
gboooboobobooobobooooooogoobobooboobobooooooboobo
goboboobooobooobooboobooooboooboboobooobooon
goboooooboooon

goooooooooooooooobooooooooooooooooooooa
000 (Cravens et al., 1979; Knudsen et al., 1980) 0000 0000000000000
0do0odoooooooooooo0ooooooooonooooooooooooooao



76 040 OO0

gbboobugobooboboobuoobobooboobooobobooboobooon
O (Grebowsky et al., 1983) 00 0000000000000 O0O0O0OCOOOO0OOCOO
gobobobooboobooooboboobooboobooboobobobooo
gbbobboobboobooboobooboboobooboobooboobooon
goooooo

ugbogbuooboobobobobboobooboboboobooboobooboon
gbooboooboooboooboobobboboobobooboooboooooboon
goobobooobooboobobbobooboobooboboboobooboon
gbobobboobooboobuoobouoboboobobboboooobooobooo
gbobooboooboooboobobbobooboobooboboooobooooboon
gbooboooo

4.3 UO0O0O0OOO0OOOOOOOO0OO0

uboooboobooboooboboobobooboooboboooboboooboooon
gboboboboooooooooooooooonoooooooonoooooon 4.2
gbboobuobooboboobuooboobobooboobobboobooboon
obobobobobobogoboboobooooooooooobD ExBOoOOooooO
gooooboobooboobooboboobooboobobbobboobooo
gobboobobooboobuooboogbuooobooboobooboooboonoo
gbobobooboobobooboobooboobooboboobooooboooboooon
gooboboooboboooboobuooboobooboobooboobobobobobooo
gbboboboobogbuoobobooobobboboobuoobooboboon
gogbobooooboboooobobooobbooboobobuoooboooboboooooboo
goooboooboobooboobooooboobobobobooboobooboon
gbboobuoobooobobbooboooobuoobooboboboobogboon
goo

O0000000000000000000000000D000 (Brace et al., 1983a) O
O00000000000000000000000000000 (Marubashi et al., 1985)
000000000000 00000000000O00D00000000 (Grebowsky and
Curtis 1981) 00O O0OO0O0OOOO0OO0OOOOOOOOOOOODOOOOOD

ooooooboboono 1000 km OOOOOODODO 30 nTUOODO 1000 K OOO
Ot 00000000 57km 000000000000 DOOOOOOOOOOOOOO
goobooboooboooboobooboobooobobobobooboobooobooobooon



44, 00OO0ODOOOODOODOODODO 7

gbooobooobooboobobooboobob 1km 000000000 ODOO0OO
gbooobooobooboboobooboboboobooobooboboooobooon
gobooboobogo 200000b00boobbobboobooboobooonoo
gobodbooobogboooboobooobuooboobobuoaboo

gboooboobobooboooobooboboboobooboobobobooon
gbbobooboogbuogbuoobobbobobbobobooboobooobooo
gboooobooboobooobbobobobobobooobooobobooboboboooobo
0000000000000 0O0O0000000O0O0O0000000000 3km/sec O
000000000 (Luhmannetal.,1982) 0000000000000 O00OOOOODO
gbooooboboobobooboboboooboboobobobooboobooboon

000000000000 0000000 (Luhmann et al., 1982)000000000
gbooboobooobooobobooboobobooboboobooboboooboon
gbooooboboooobooooboboooooboboooboobooooboobo
gobobobooboobobooboboboboboboobooboooboobooo
gboboboobooobooobobboboboboboobooboobobobooboonoon
0000000000000 00000D00000000000O00O000 (Bouger and
Cravens, 1984) 0 0000000000000 OOOOOO0OOOOOOOOOOOOO
gooboobooobboooboobooooboooo

4.4 0O00O0O0OOOOODOOOOOO

000000 000000000000000000000000000Kelvin-Helmholtz
00000000000000000000 6x10¥sec ! 00000000 (Terada et
al., 2002)0 00000000 Of 00000 PVOOOOD 5x10¥sec ! 00000
O (Braceetal., 1987) 00 0000000000000 O00D0O0D0OO0DOOO0OOOO0O
0000000000 1000 7x10% sec™t (Brace et al., 1982b) 000000000

00000000000000000 Ot000000000 22x10%8sec” 000
0000000000000000000000000000 200000000000
000000000 Of000000000000000000000000DnoO0O
000000000000000000000000 3.0x10®sec” ! 000O0PVO O
0000000000000000000000000000000000000000
00000000000000000000000

0000000000000000000000000000 O 0 4.8x10° cm™2sec™?



78

B9 9ARA

-

BhweRy EFEELS

W=t
4

N
N

TS5 X2iRE
875V 9RARAN
EFBREHLIFHL

)

EFREHIEL
T5XA?ET

042 000000000

040 OO0



44, 00OO0ODOOOODOODOODODO 79

gbboobuogbooobobooboboboobuoobooboboobogboon
0000000000000 D000000 Ot 0 48x10°cm™2sec”! 00000000
gooodbob wbooboooooobobo 06 R,ODDO 025 R, 000 ODOOODOO
0100100 0000000045000 1.1x104 0000000000000000
19x 108 kg 0000000000000 0O0D0ODOO0OO0O0OD0ODOO (Chassefiére,
1996) 00 000000000000 OOO0O0O0O0OOOO0O0O0OOOOOOOOOOD
gbobobobooboobuoobuooboobobbboboobooboobooo
gooooo






81

0 A CIPO

clrO00oOO0O0OoODOOO0OODOO0ODOOO0O0ODOOOO0ObDObOOOODOOOO
goooooobobooooogoboobooooob crroboooobooboon cre O
0000000000 000O0O0000 (Doo0,2003;,000000000000O00O0OO
O000000oooooooo, 2003)0

Al O0O0O0O0O
00 f(zt)DOOOODODOOOODODOOOOOO
of  of

O000w=9f/0t000 wOOOOOOODO 1100000

f(z,t) = f(x — ut,0) (1.2)

ugobodbooobuoobtd « ogboobboobooobboon

0 (1.1)0 2000000

dg 0g ou
ot T Mow T " oa?
0000g=48f/0x 000000 «»0000000000 (1.3)00 (1.1)000000
000000 ¢000 «0000000000000000000000000000
0000000 f0 00 ¢000000000000000000000 ¢g000 u00
0000000000000000000000000000000000000000

gobodgboooooobooon

(1.3)

00000 200 [(—1,¢q] 000 Fx)0OOODOODODOOOODOOOOoOOOooo
030000000o

F(z)=a(zx —z)® + bz — z;)> + c(z — ;) +d (1.4)



82 OO0OA CIpO

gobodgbooobuooboobobooboobbuooboab

Fi(x;)=d; = f;
dFi ZT;
d( ) =C =G
r (1.5)
Fi(xi_l) = —CL,'A.I?’ + biA$2 - ciAa: + di = fi—l
Fi(z;-1)

T = 3a;Ax? — 2b;Ax + ¢; = gi_1

goboodobooobobooboooooboboboboobooooboooooon

_gitgi-n 2(fi — fis1)

“T A T T A (1.6)
p — SUfic1 — fi) L 291+ 9
! Ax? Ax

O0«w>000000000000 »+1 0000000000000 wAtODDOODOO
gobogboobbooboooboooodg

"= Pz — Az
= F(o — Aa) o

O00000000¢=—-uwA200000

fil = a3 4+ 0,87 + 6+ f1

1.8
gt =3a;8 + 20 + ¢ 9

gobooooobooon

w<00000[,:+1]000000000000000000DO0DO0O00O00O0OI-1 —+10
-Ar—- Az 0000000DOOCOOOCOCODOOOOO

ugboboboodg 3bbbooooboboooobobuooobobooobbooooo
gobooopobooboboobboooboobb 3ooboboobobooooooooboo
gobooooboooobo clrogoooon

a(r — ;)2 + b(x —2)? + c(z — x;) +d
1+ aB(z — ;)

F(z) = (1.9)
a=0000030000000 ClpO0000000e=10000000000000
gbdooddouoooodooooouoooooooooooooo 3uoon
goodooooooooon

b(x —x;)? +c(x —2;) +d
1+ B(x — ;)

F(z) =



A2 0OO0OOOODOOO 83

0400000 bye,d, BOOOOOOu>0000D =—-Azbup=i—10u<0000
D=AzOup=i¢+100000 (500000000000

B =[(S—9i)/(giwp—S)—1]/D (1.10)
DDDDDl:ll]l]DDS:(fiup—fi)/DDDDDDDDDDDD BOOOOOOOOO
goooo (1.9)DDDDDDDDDDDDDDD

a = [g: — S+ (giup — S)(1 + aBD)]/D?
b=SaB+ (S—g¢i)/D—aD

c=g+ fiaB

d=f;
00000000000000000000 f+.,¢""' 0000000
a;&3 + ;&2 + ;€ + d;
1+ aB¢

i1 _ 200 B8 + (abiBi + 30:)% + 2bi€ — ad; B;
o (1+aB;i§)?

(1.11)

=
(1.12)

A2 J000OO0OO0OO0OOOO

uboboooooooood
of | duf)

ot ox

0000000000000 000000000000000000000000000
000 (213) 0000000

0 0

o 0f

ou

=h (2.13)

goooogogooog
o9 09 _9H _ ou
ot ox  Or g@x
000O0g=0f/0xr 00000 (214)0(3.23)000000000000000000
god

(2.15)

goao
of  of _
dg =~ 0dg



84 OO0OA CIpO

oo
of
S =1 (2.18)
dg OH ou

o0oooooOo clpO0O0oOoOoOoOoOoOOO (ffe¢)ODODODOODOODDODOOOOOO
00000000000 00O0OoooO (et oooooooooooooooao
gobodobooooboobooobooboon

A3 CCUPO
100000 oouoboooooooooooon
dp op ou
ou ou 10p
dp op ou
a—i—u% = Wy (3.22)

U0d0pb000«w0OD0ODpOODUODyOOODODODODOO CclPOOODO
obgog

goboobooobbooooo

- _ 2
- .24
At p* Oz (3:24)
p** _ p* *6u**
—_ = — 3.25
A7 W5 (3.25)

*Jo0o0o00000ooo*» oo0o0o0oooo0ooooooo0oO 324900000 0O
0000 (3.2) 000000
o (1 8p**> p**_p* 1 ou*

B — — 3.26
Ox \ p* Oz yp* At? + At Oz (3:26)

O00000O0000O00oO0o0ooOoO ccupOObOOOOOoOOOOOO (3.26) 0 SOR
godoooooooodoodoooooooouoooooon
(pﬁl_p:*)/f’?ﬂ/z_(p;'k*_pﬁl)/p;llp P - Uiy1so = W1y
Ax?  ypr A2 AtAx

(3.27)



A3. CCUPDO

85

000 piy1je = (pir1+p;)/2000000000000000000000000000
000000 i000i+100000000000000000000 i+1/20000

0 (326)0 p* 0000000 (3.24) 0000 «* 00000 (323) 00 p* 00

gobodbooooboobooooboobooobobooboon

n—+1 ok

P —p
N

un+1 — oyt
N

pn+1 _ p** 5
At

(3.28)
(3.29)

(3.30)

rLoogooboogooobooooobooooopPO0ObODODODbDOOODODDOODD
goooborpO0O000ODO0ODODOOO0ODOODODODOODOLOODODOODODO

goo






87

oog

Banks, P. M., and G. Kockarts, 1973, Aeronomy, Academic, San Diego, Calif.

Bolton, M. J. S., D. M. Hunten, and R. M. Goody, 1968, Quantitative spectroscopy of
Venus in the region, 8,000-11,000 A, in The Atmospheres of Venus and Mars, ed.
J. C. Brandt and M. B. McElroy, New York: Gordon and Breach.

Bougher, S. W., and T. E. Cravens, 1984, A two-dimensional model of the nightside
ionosphere of Venus: lon energetics, J. Geophys. Res., 89, 3837-3842.

Boyer, C., and P. Guerin, 1969, Etude de la rotaion rétrograde, en 4 jours, de la couche
extérieure buageuse de Vénus. Icarus, 11, 338-355.

Brace, L. H., R. F. Theis, H. G. Mayr, and S. A. Curtis, 1982a, Holes in the nightside
ionosphere of Venus, J. Geophys. Res., 87, 199-211.

Brace, L. H., R. F. Theis, H. G. Mayr, and S. A. Curtis, 1982b, Plasma clouds above
the ionopause of Venus and their implications, Planet. Space Sci., 30, 29-37.

Brace, L. H.,, W. T. Kasprzak, H. A. Taylor, R. F. Theis, C. T. Russell, A. Barnes, J.
D. Mihalov, and D. M. Hunten, 1987, The ionotail of Venus: Its configuraion and
evidence for ion escape, J. Geophys. Res., 92, 15-26.

Brace, L. H., and A. J. Kliore, 1991, The structure of the Venus ionosphere, Space Sci.
Rev., 55, 81-163.

Bridge, H. S., A. J. Lazarus, C. W. Snyder, E. J. Smith, L. Davis, Jr., and D. E. Jones,
1967, Mariner V: Plasma and magnetic fields observed near Venus, Science, 158,
1669-1673.

Brinton, H. C., H. A. Taylor Jr., H. B. Neimann, H. G. Mayr, A. F. Nagy, and T. E.
Cravens, 1980, Venus nighttime hydrogen bulde, Geophys. Res. Lett., 7, 865-868.

Cable, S., and R. S. Steinolfson, 1995, Three-dimensional MHD simulation of the inter-
action between Venus and the solar wind, J. Geophys. Res., 100, 21645-21658.

Carpenter, R. L., 1970, A rader determination of the rotation of Venus, Astron. J., 75,
61-66.



88 OO0OA CIpO

Chassefiére, E., 1996, Hydrodynamic escape of oxygen from primitive atmospheres:
Applications to the cases of Venus and Mars, Icarus, 124, 537-552.

Colin, L., 1980, The Pioneer Venus program, J. Geophys. Res., 85, 7575-7598.

Cole, K. D., 1994, Origin of flux ropes in Venus ' s ionosphere, J. Geophys. Res., 99,
14951-14958.

Cloutier, P. A., H. A. Taylor, Jr., and J. E. McGary, 1987, Steady state flow/field
model of solar wind interaction with Venus: Global implications of local effect, J.
Geophys. Res., 92, 7289-7307.

Cravens, T. E., A. F. Nagy, L. H. Brace, R. H. Chen, W. C. Knudsen, 1979, The
energetics of the ionosphere of Venus: A preliminary model based on Pioneer Venus
observations, Geophys. Res. Lett., 6, 341-344.

Cravens, T. E., L. H. Brace, H. A. Taylor, Jr., C. T. Russell, T. W. Knudsen, K. L.
Miller, A. Barnes, J. D. Mihalov, F. L. Scarf, S. J. Quenon, and A. F. Nagy, 1982,
Disappearing ionospheres on the nightside of Venus, Icarus, 51, 271-282.

Cravens, T. E., S. L. Crawford, A. F. Nagy, and T. I. Gombosi, 1983, J. Geophys. Res.,
88, 5595-5606.

Cravens, T. E., H. Shinagawa, and A. F. Nagy, 1984, The evolution of large-scale
magnetic fields in the ionosphere of Venus, Geophys. Res. Lett., 11, 267-270.

Elphic, R. C., C. T. Russell, J. A. Slavin, and L. H. Brace, 1980, Observation of the
dayside ionopause of Venus, J. Geophys. Res., 85, 7679-7696.

Elphic, R. C., C. T. Russell, J. G. Luhmann, F. L. Scarf and L. H. Brace, 1981, The
Venus ionopause current sheet: Thickness length scale and controlling factors, J.
Geophys. Res., 86, 11430-11438.

Grebowsky, J. M., Curtis, S. A., 1981, Venus nightside ionospheric holes: the signatures
of parallel electrc field acceleration regions?, Geophys. Res. Lett., 8, 1273-1276.

Grebowsky, J. M., H. G. Mayr, S. A. Curtis, and H. A. Taylor, Jr., 1983, Venus nighttime
horizontal plasma flow," magnetic congestion ’ , and ionospheric holeproduction,
J. Geophys. Res., 88, 3005-3012.

Hartle, R. E. and J. M. Grebowsky, 1990, Upward ion flow in ionospheric holes on
Venus, J. Geophys. Res., 95, 31-37.

Hoegy , W. R., L. H. Brace, R. F. Theis, and H. G. Mayr, 1980, Electron temperature
and heat flow in the nightside Venus ionosphere, J. Geophys. Res., 85, 7811-7816.



goog 89

00 00,00 000,00 0,2000,00000000000000000,0000
0o0o0oO, 109, 1-58.

b ob,00 00,00 0ogb,2004,00000b0oo0boobooboobDo,n
oboobooooboooooo, e7, 225-239.

Kakinami, Y., S. Watanabe, and K.-1. Oyama, Magnetic field configuration in the Venus
ionosphere, submitted in Adv. Space Res.

Kar, J., and K. K. Mahajan, 1987, On the response of ionospheric magnetization to
solar wind dynamic pressure from Pioneer Venus Orbiter, Geophys. Res. Lett., 14,
507-510.

Keating, G. M., J. L. Bertauy, S. W. Bougher, T. E. Cravens, R. E. Dickinson, A. E.
Hedin, A. F. Nagy, J. Y. Nicholson, L. J. Paxton, and U. von Zahn, 1985, Model

of Venus neutral upper atmosphere: Structure and composition, Adv. Space Res.,
5, 117-171.

Knudsen, W. C., K. Spenner, P. F. Michelson, R. C. Whitten, K. L. Miller, and V.
Novak, 1980, Suprathermal electron energy distribution within the dayside Venus
ionosphere, J. Geophys. Res., 85, 7754-7758.

Law, C. C., Cloutier, P. A., 1995, Observations of magnetic structure at the dayside
ionopause, J. Geophys. Res., 100, 23973-23981.

Luhmann, J. G., R. C. Elphic, C. T. Russell, J. D. Mihalov, and J. H. Wolfe, 1980,
Observations of large scale steady magnetic fields in the dayside Venus ionosphere,
Geophys. Res. Lett., 7, 917-920.

Luhmann, J. G., R. C. Elphic, C. T. Russell, J. A. Slavin, and J. D. Mihalov, 1981,
Observations of large scalesteady magnetic fields in the nightside Venus ionosphere
and near wake, Geophys. Res. Lett., 8, 517-520.

Luhmann, J. G., C. T. Russell, L. H. Brace, H. A. Taylor, W. C. Knudsen, F. L. Scarf,
D. S. Colburn, and A. Barnes, 1982, Pioneer Venus observations of plasma and
field structure in the near wake of Venus, J. Geophys. Res., 87, 9205-9210.

Luhmann, J. G., C. T. Russell, F. L. Scarf, L. H. Brace, and W. C. Knudsen, 1987, and
A. Barnes, 1982, Pioneer Venus observations of plasma and field structure in the
near wake of Venus, J. Geophys. Res., 87, 9205-9210.

Luhmann, J. G., and D. S. Russell, 1992, Magnetic fields in Venus nightside ionosphere
holes: Colleected Pioneer Venus Orbiter magnetometer observations, J. Geophys.
Res., 97, 10267-10282.



90 OO0OA CIpO

Kliore, A., G. S. Levy, D. L. Cain, G. Fjeldbo, and S. I. Rasool, Atmosphere and iono-
sphere of Venus from Mariner V S-band radio occultation measurement, Science,
158, 1683-1688.

Mahajan, K. K., and J. Kar, 1988, Planetary ionospheres, Space Sci. Rev., 47, 303-397.
Marov, M. Y., and D. H. Grinspoon, 1998, The planet Venus, Yala University, pp.16-96.

Marubashi, K., J. M. Grebowsky, H. A. Taylor, J. G. Luhmann, C. T. Russell, and A.
Barnes, 1985, Magnetic field in the wake of Venus and the formation of ionospheric
hole, J. Geophys. Res., 90, 1385-1398.

McComas, D. J., H. E. Spence, C. T. Russell, and M. A. Saunders, 1986, The average
magnetic field draping and consistent plasma properties of the Venus magnetotail,
J. Geophys. Res., 91, 7939-7953.

Miller, K. L., W. C. Knudsen, K. Spenner, R. C. Whitten, V. Novak, 1980, Solar
zenith angle dependence of ionospheric ion and electron temperatures and density
on Venus, J. Geophys. Res., 85, 7759-7764.

Miller, K. L., and W. C. Knudsen, 1987, Spatial and temporal variations of the ion
velocity measured in the Venus ionosphere, Adv. Space Res., 7, 107-110.

Ness, N. F., K. W. Behannon, R. P. Lepping, Y. C. Whang, K. H. Schatten, 1974, Mag-
netic field observation near Venus: Preliminary results from Mariner 10, Science,
183, 1301-1306.

Ong, M., J. G. Luhmann, C. T. Russell, and R. J. Strangway, 1991, Venus ionopheric
"clouds": Relationship to the magnetosheath field geometry, J. Geophys. Res., 96,
11133-11144.

Pérez-de-Tejada, H., 2004, Plasma channels and electron density profiles near the mid-
night plane in the Venus nightside ionosphere, J. Geophys. Res., 109, A04106,
do0i:10.1029/2002JA009811.

Phillips, J. L., J. G. Luhmann, and C. T. Russell, 1986, Magnetic configuration of the
Venus magnetosheath, J. Geophys. Res., 91, 7931-7938.

Phillips, J. L., and C. T. Russell, 1987, Upper limit on the intrinsic magnetic field of
Venus, J. Geophys. Res., 92, 2253-2263.

Phillips, J. L., J. G. Luhmann, W. C. Knudsen, and L. H. Brace, 1988, Asymmetries
in the location of the Venus ionopause, J. Geophys. Res., 93, 3927-3941.



goog 91

Podgorny, I. M., 1983, Laboratory simulation of the interaction between the solar wind
and Venus, in Venus, edited by D. M. Hunten, L. Colin, T. M. Donahue, and V. L.
Moroz, The University of Arizona Press, pp. 994-1002.

Russell, C. T., 1977, The Venus bow shock: Detached or attached?, J. Geophys. Res.,
82, 625-631.

Russell, C. T., and R. C. Elphic, 1979, Observation of magnetic flux ropes in the Venus
ionosphere, Nature, 279, 616-618.

Russell, C. T., R. C. Elphic, and J. A. Slavin, 1980, Limits on the possible intrinsic
magnetic field of Venus, J. Geophys. Res., 85, 8319-8332.

Russell, C. T., and O. Vaisberg, 1983, The interaction of the solar wind with Venus, in
Venus, edited by D. M. Hunten, L. Colin, T. M. Donahue, and V. I. Moroz, The
University of Arizona Press, pp. 873-940.

Russell, C. T., 1992, The Pioneer Venus mission, Geophys. Monograph, 66, 225-263.

Saunders, R. S., A. J. Spear, P. C. Allin, R. S. Austin, A. L. Berman, R. C. Chandlee,
J. Clark, A. V. deCharon, E. M. DeJong, D. T. Lyons, G. A. Michaels, J. Miller, R.
B. Morris, A. D. Morrison, R. G. Piereson, J. F. Scott, S. J. Shaffer, J. P. Slonski,
E. R. Stofan, T. W. Thompson, and S. D. Wall, 1992, Magellan mission summary,
J. Geophys. Res., 97, 13067-13090.

Schunk R. W. and Andrew F. Nagy, 2000, Ionospheres, The Press of the University of
Cambridge, pp.104-147.

Seiff, A., B. Kirk, R. E. Young, R. C. Blanchard, J. T. Findlay, G. M. Kelly., and S.
C. Sommer, 1980, Measurements of thermal structure and thermal contrasts in the

atmosphere of Venus and related dynamical observations: Results from Pioneer
Venus Probes, J. Geophys. Res., 85, 7903-7933.

Shinagawa, H., T. E. Cravens, and D. Wu, 1993, The generation of magnetic fields by
the polarization electric field in the ionosphere of Venus, J. Geophys. Res., 98,
263-268.

Smith, E. J., L. Davis, Jr., P. J. Coleman, Jr., and C. P. Sonett, 1965, Magnetic
measurements near Venus, J. Geophys. Res., 70, 1571-1586.

Tanaka, T., 1993, Configuration of the solar wind flow and magnetic field around the
planets with no magnetic field: Calculation by a new MHD simulation scheme, J.
Geophys. Res., 98, 17251-17262.



92 OO0OA CIpO

Tanaka, T., and K. Murawski, 1997, Three-dimensional MHD simulation of the solar
wind interaction with the ionosphere of Venus: Results of two-component reacting
plasma simulation, J. Geophys. Res., 102, 19805-19821.

Taylor, W. W., F. L. Scarf, C. T. Russell, L. H. Brace, 1979, Global observation of the
composition and dynamics of the ionosphere of Venus: Implications for the solar
wind interaction, J. Geophys. Res., 85, 7765-T777.

Taylor, H. Jr., H. C. Brintn, S. J. Bauer, and R. E. Hartle, 1980, Absorption of whistler
mode waves in the ionosphere of Venus, Science, 205, 112-114.

gboooooogoboobobooooooboobobobobobobo, 2003, 000000
gbooboboobooooooooooooobo oooooo

Wolff, R. S., B. F. Goldstein, and C. M. Yeates, 1980, The onset and development of
Kelvin-Helmholtz instability at the Venus ionopause, J. Geophys. Res., 85, 7697-
7707.

00 0,00 00,00 00,2003, CIPO,0000



