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UoeU0000O0OD0O0O0OOOOO0O0OO0O0O0OO0O0O0O0O0O0O00O0O0O.
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(1984)00oDoO0000ooDooO00UoooooDOODOOODO00DO0O,DO0D00000
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00000000000 .Olsonetal. (1999 O

ro.
g = _goFr (21)

00000.000000000
Q=02 (2.2)

ooo0ooOobo0oboooooobDOob.00b z0z00000D00DODOODO.
OOo0oOoO0ooooboOoooooboobobooboboboobbODD. Olson etal. (1999)

gb,b0o0boudgboobob,ggboobbooboboo.bboobooboboon
gooooooob.coogbooboboboooo«ouoooooooobon.
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O0000O0000,0000 Braginsky and Roberts (1998) 0 0000 00.0000O0O0O,
godooooooooooooooonoooonooooooooooooon.

000000000000 00000000000d (Chandrasekhar, 1961).
ou

E‘F(U'V)U + 2Q xu
1
= —p—VP +vV2u — apfg + F (2.3)
0
Veu = 0 (2.4)
00
o +(u-V)§ = V-(kV0) (2.5)

000000000000 00O0000O0,0000,00000000000. 000,
p,u,Pv,0,x00000,000000,00,00000,00000000000,00
0000000.FO0O000O0O000O0OO0000,00000000000000000
oooo.

gbo,00booboobooooooobo.MADODO0OOODOODbDODODODO MHD O
goboboooooboooooboo.MADODOOOOOOOO, 0000000000
g, goobbobbbtoddgoooooobbbobbboouooooooobbobo
g.ggbbobuoooboooooobn,

0B
EFE = —— 2.6
V x T (2.6)
VxB = MOMJ (27)
1
V- E = g (2.8)
€0
V-B = 0 (2.9)
goo,0ouooood
J=0(E+uxB) (2.10)
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000.000,E, B, u,,,J,c,¢,c 00000000,0000,00000000,00
000000,0000000,0000,00000000000.(2.6), (27000 (2.10)

gogoooog,0boboodn
0B

5 = VX (ux B) +nV*B (2.11)

00000.000 p=1/(cw,)0000000000.000,00000000000
(29)00000000000000.00,0000000JxBO000.000 (2.3)0
000000 FO (27)00

F=JxB=

M; (Vx B)x B (2.12)

goo.

23 UO0O0Ooooog

oooooD=r-r,00000000,000000 7, =D%y0000000
0,D/r,=D/y00000000,00000000000AT00000000000
000000.00,00000B8 = (ppo,nQ)2P=pQ000000000000,.

Vou = 0 (2.13)
V-B = 0 (2.14)
Eaaq:—i—(u-V)u—Vzu + 22 xu+VP
1
- Ra95+P—(V><B)><B (2.15)
TO m
0 1,
— . P— —_— 2-1
ot VI8 = 5V (2.16)
B 1
aat = VX(uxB)JrP—mv?B (2.17)
0000000000000 (Fearn, 1998).
1%
00000 E=gq; (2.18)
ATD
0000000 R, = 292X (2.19)
Y
oooooo P=Y (2.20)
K
oooooooo  P,=Z2 (2.21)
"
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O RrROO
R
R, = — 2.22
= (2.22)

OO0000Od (Fearn, 1998).

02100000000

0 gd godgd

0O D To — T

00 t D?*/v

00 T V2T

00 P pv<)

00 u v/D

00 w v/D?

00 B (PH0,1S2)/?
0000 T (pn€ o, D*)M?
0oooo il V2| D?
ooooooo B pv? | D?
gooooog E, pv? | D?

24 O00O0O0O0O

goodoooboooooooooooobooboobo.ooooooooooooaa
O000000.00000000000000000 o000 (eeffecyD 000,000
00O0oOoooooob0bOooooooodb.«0b0000o00g,00n0 Glatzmaier and
Roberts (20000 OO O OO O.

0000000000000 (A5 000000000.

E%‘:—FVX(uxw) — Vw|-2(2-V)u
1
- Ravex5+P—V><(V><B)><B (2.23)

7"0 m
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0000l wddddooooon.
w=Vxu (2.24)
0o, 00dd0oo FOOoooooooooooooooooo.

H=w-u (2.25)

gobooboobobobooobuoo,«00obobboobobobobboboobo,oon
(0DO0O0)ooD (@)DooOoOoooDOoOoOoO0oO0oO0oOoOoOOooobO.coooDoOoOoOoOOo

(000D0000000000)00000O00, Olson etal. (1999) O

< H >,
(Ku-u><w-w>p)/2
goooouo.otuo <>, oo ouoooooaa.

Hyep = (226)

25 0O0O0OO

Olsonetal. (199 00000000000 ODOOO,000000000000.00¢0O,
u=0 r=r,=054, r=r,=154 (2.27)

gao.

goouoooo,ooooo,oooad
T=1r=r, T=0r=r, (2.28)

ggbooogoon.

gbobobo,gbobuobobobuobobaba,boodgbdgbdbdidr=r,r=
r, 0000000000000 00000obo0b.oboboboboooooboob,wid
ggboobouooooboo

B,=-VW r=mr, r=r, VW=0 (2.29)

goo0Oo0.000obo0oo0ooooooboOoo,0boboobooogogo, Glatzmaier and
Roberts (1995 0 O 00000000 DOOO0DOOOOOOO,0DO0000DODO0ODOO
gogboboboooon.
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OO00DOo0o0ooO0oOoooOoooboogooo,(250«000000000000.

d /1, s 1 _ R, T 1
dt<2u)_u.vu+Ev.(uP)_EVQXTO—I—EPmu (J x B) (2.30)

obo0o,00020b0b0oboOo,b0bobobobooooboooo,0ob0100b0bO
o000, 000200000obo0ob0oboboboobooooobooboD.

gooooooooooboboooooobooog,@Ano BOOODOOODDODODOO.

10 /1 9 1 B 1 1 )
por(a®) * 5r Y B X B = g Ux B g @A

oo0o,000200000000000000O0,00D010000D0O0OO0ODOODOO
Oo,00b02000000bo0obobooon.
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O00000,0000 Olson and Glatzmaier (1995) 0 000000000 O0OO0OODOO.
oo, 0jddjjddddddodoooooobobobbobbbbobo, oo
gooodooooooodoboooooodobo,bogboonooooooogdd
0oooooo.oobdoooooooonoodooooooooonoooogood
00000 (00O (1996)).0 00,00 Glatzmaier and Roberts (1998)0 0 0000000
oo, 0oogooooooooboooooooog.

Olsonetal. (1999y 0,00 300000000DOO0O0O.O0000,00010000 2
ggbbooogoobbooobb.boooobobooobooboba,oobboboodgoo
gogbooogobbooobbobuoo.gobbooobobobooobobooo,goo
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goodooo.0ooooooooogon.
B, =A,sin(20) r=r;, r=m, (3.1)

000,5,00000000,A,0000000000 p,OOOOOOOOOOOGOOOOO.

B? B?
Ay= o — 75 (3.2)
pun§t - pQ
000000000000 00000000000000000000000,0000
O000000000000000000000000000000000 (Zhang and

Schubert, 2000).

goooooooo,0o0doboouoboooboooooboooooooooooaa
gooo.
By=0 r=mr;, r=r, (3.3)

gogbbooooobbooobobbuooobbobuoodob.bba,ogboboboogoo
ggboboboooggbbobooogbobobooogboboooaa.

020 Olsonetal. (19990 00000000000 000O0.000,R,,,, 00000
000000,0000000AO000D000000O0O0O00000O0O00000000
00,00000000000000000000000.,,,,000000000000,
(N,,Np,N,) 000000000000,

gogggoobbbbbbbbbbooddog,uugdgooooooooobbbbo
00000.00o0m, 0000000000000 @DO027/m,)000.0000000
O0000DOOoOO0O000,00D0000200300000000000 2000 (ms=2)
0000 (m,=1)0000000000000O00O00O0O0O0ODOO (Christensen etal., 1999).

O0,R., 000000000 OODOOOD.OODODOODOOOD,A7DODoOoOD (&
oooooooo)obooboooo.

 Vx(uxB) D

Rem - = Urms—
nV>B| U

(3.4)

bdwns00o0oooobobobooob.oboboboooobobunbR,, 00O
gogooood.
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<Erl'> /< E,> 0.24 0.41 0.61
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Oo200,00000b0000000b00obobobooob,boo3booboooooO
gobo,ggobboogboboboogobouooobbooobbuoo.ggobobooon
gogogooobobbobobbbbbobodddooooooooobbooboob,obobbn

main.tex 2000/02/15



gobooo

19

O000D0A~1000.00000,CQlIsonetal. (1999 0000000O0OO0O0ODOO

ggooobod.

'r'."':ll"'h""r"’ﬂ!.l“ _4.11#[ "'4-'1_.-

: '1-""".".,"" I|."-.-I",Ifhl|1l| oasd o

LRI S

ST g A S et il e 0 e T P
ﬁ cpoe 5
E
10 = ;
z = - SEEEE case
- |'-- 1 LT e '
0 a8 C.4 el -] 1.5 q
Tiires
T r - T —_
%'-l:l”‘ H...__...-'h TN = '“'H-'q,__u__ﬁ. = A e ca=c 3
E -h""-.,-' “"-"M“-.,l- % , GascZ
. d In - N ry H
B e e T A N S,
5 H. - L | I""""_I L ;
] "':'a.'
- — -- LhETR
1 LT 1 . 1 L el
d i .4 0,5 0B 1
Tima

0 3.1.300000000000000000000.0002000000000,000

gobooooooobooboboboobooooooo.oooogooDgoD o023l 00000

0,000 20000000000000000COO0O00O0O0,000000D0000O000

00000000000 .(Olson et al 1999)

main.tex

2000/02/15



040 ODOOOO 20

[1 4[]

1000000000000
(O00D0001)

41 0O0O0OO

Olsonetal. (1999 0,0 000000000 OO000OOCOOO0OOD1IO0DOCOOO0O
gooooopboo(@ooobooodboboboUobDooboOobbo 200).000 10
ooboooooboooboboobogonD R, 000 120000000000DO0O.O0O
0, 031000000000 oobooboooooboobooooboooboooo
ggoobobo,gggobobboooooboboooobbbooan.

04100 430000100000000@COODOODOODOO)DODOOODOOO

O000o00DooO0.04200,0000000000000000A0O (inner core tangent
cylinde\d 0O OOOO00OOOOOO0ODOODOO,000O0DOOO0OO00ODODODOOOO.O0O,

ggobobooggbbobooogobobooooboboboooan.

0430000000000 0O00O0O00DOODOO0bOO.0b0O0DbOOoDOobObOOODO
0000 ((@4300).000000000bODOOO00ODOOUOODDO (D 4300).00
0,00000000O,00b000b0go,000oo0ob0o0oo0ooDooooon (O 43
00).000oo0000oooo0ooooo0oo.oopoopooo@oo)yooo (@)
000000000 0000OoooOoO0 (0 4A00).000000 (2260)00000000
O,Hq=¥0290000@CU0O0O0DO0OO,0D000D0O0).

main.tex 2000/02/15



040 ODOOOO 21

0 41:0001000000000000,00000,000000000000,000
gogbod.gogbgooboa,boobboobbo.oobbooboboobuooboaboan

000000000:7 =40.35,(V x u), = +0.5, H = +0.45 (Olson et al(1999))

main.tex 2000/02/15



040 ODOOOO 22

HEAT FLOW

.+ .

RADIAL VELOCITY

v

0 4.2:000 10000000000,-=093000000,0000000000000
00,00000000000000000DO00D00D0O0.0000000 du,. = 0.550H =
360, 5B, = 0.041.(Olson et al(1999)

main.tex 2000/02/15



040 ODOOOO 23

MERIDICNAL VELCGGITY 2VORTICITY

. L —

T
A

'__;.r.:-_._u pA

000

FET. |

Lo -;:- !F .I- - o
gt BRRe-TT
R ]
S Pt
TS S
s = i e
= |"-'-'.'" % -"::-: .
BPLE T X
L

WEL g
E - '.'J 1

L]

A

o
-

i
e

e
" e :
r-. Tt

s
S ae o 1
L

-

0 43:.00010000000000,0022°00000000000000000,000
»x00,00000000,0000000000.0000000 dw, =27,0B4=0.132,0H =

5400 0000000000000 .(Olson et al(1999)

main.tex 2000/02/15



040 ODOOOO 24

42 O0000000OOOOO

000000000000 00D0000D0000000 Busse (197000 4400000

.00, 0b00oooodooooooouoo,obooooodoooooooogdd

O0000ooooooooooooooooooooog (0oo,Olson and Glatzmaier,
199500 ).Kageyama and Sato (19978 0 0 0000 O00O.000 100000 (O 4.1
00)0 Kageyamaand Sato (19970 0 00000 O00.00000000O00DOOOOO

0000doogdOlsonDdooooo.

QI;Q

Ny
0 4.4:Busse(19700 0000000 [ 4.5: Kageyama and Sato(1997)0
0000.0000000000000 oooooo.o0 (@)oo (@)ooo.
0000000 (Busse,1970) (Kageyama and Sato 1997)

O000O0O0000000oooooon,Busse(1975) 00000000000 OOO
gbobobobobobobobo 200o0o00oooobooboOobOobOoDbOo.bobOo
0000 Olsonetal. (1999Y O, 0000000000 DOCOO,0000DOOOO0O0ODO
000000200000 ((@oO)00o0oU0O,OD00DO0O0bDOOODOO0bOOOOO
gogooobogd.

main.tex 2000/02/15



040 ODOOOO 25

ooo,00bo0bo0obobooboooobooobooboobo.boooOobbo,D 4300
ooboob,z200000b00bOo0oboooooOo,ooboDoooo.Ooo,bbooooO
goooboboooboobobooobooboboobuoob 20b000bOoboboOon
.00, 000b0b0ob0ob 20b0b0b00b0bO0bO0bO0obDO0ObOoDbDOoDbDODO
goooo.ooo,041,04300000000,000000D00DODO0OOOODO
oooooooooboobobo.ooo,00boboobobooboboboobobboooo 2
OO00oooooogoolsonDooooono.

O00000o0oOooOOoOooo.QOlsonetal. (1999 000000200000 (CDO)O
Ooo0oD @23)00o00,0000oo00obboooo0oobo00 z000Db0OOD

ou,

EViw, +2
w—l—@z

+Ra(vex r) 2=0 4.1)

To

0000000000.000,00000000,000 V3w, 0OOOO0.00 R, 00O
gooooboodo,b4i1b00bo0oboobooboo,obboobooboobooon
0000000.00000000000000u,/0-0,0000000000000
gogogogoobboboobo,bbobbbbbbbbddoooooooooobobooboobo
gboobooboo.0obobob.200000000,0000000000,0D00O0O
oo, 0ooboooooobooo0oooboogooob,boo0goooo@EoboOo)oo @)o
gb.og,bbogbobodgbogobboobuoobo.obboobodgboobboon
ogoooooooooo,00000 (0 4100)0bbgbooUoUoobogo,bogoboo
gogbbboogogobboooob.boooobo,booobboooboboboooobo
Oo00oOoOoopoooodOdoOlson0doooooo.0c00oo,0o0booo0 4600
ggbooogogbood.

OO0 Olsonetal. (19990 0,0 0000000000, 00000D000OC0ODOOO
gogbooboogoob.obog,gbobo,ogobobooooobo,obboogoon
00000030000, Olsonetal. (1999) 0, 000000000,00000000
(free—slipD ODO00O0O0OOOOODODOOOODOOOODO@EWO)DDOOOOD,ODOO
gogodgobobooobbbboobotouodoooooobobobobbobboobboboo,bo
Oo0do0ooOooOoO0ooooooOoo0oOooooDOooOO,0gooo@ooooog)
gogoggobobboboobo.obbbobobbbbtbodddgooooooooobobooo
ooooooooo,0cobooboobooboboobobobob 3ooooooooon,
gogbbbuoogoobbodg,goobbbuooobbbooobn.

main.tex 2000/02/15



040 ODOOOO 26

041:000000000000000000000000.RODODOO,F
OO0O0Do0,100b0000DDO.(Olson etal.1999)

E R./R,,, 0000 Ay Hu

1073 1.5 RB 0 F0.27

3 x 104 1.5 RB 0 F0.24
3 % 10* 1.5 RB 1 7029
3 x 10% 1.07 R,B 1 F0.29
3 x 10* 1.5 R, 0 F0.21
3 x 10* 1.8 FB 0 F0.12
10~ 1.5 RB 0 F0.27

Olson et al. (1999)

43 0000000 OOO

431 JO00O0OOO0OOOOO

04200000 43000,000100000000000O000O0O00.000000
000000000000000, Kageyama and Sato (199780 000000 0,000
00000000000 «000000000000.000, Kageyama and Sato (1997b)
0004700 000,00000000000000000000«0000O0O0O0O0O
O0000000000O00ooOd,Olsonetal. (19990 0 0O OOD0OOOODOOOO
ogoooo.

Jddddooooooooooob 480000000 000o0oooooooon
goooddodoo, 0000000000000 ooObo0oOoooobo,200000
oo ooouooo.ououoooa
0 Kageyama and Sato (19970) 0 0 00000000000 0ODOOOOOOOD.OO,
Kageyama and Sato (19970)0 0 0 0000000000 DOOODOODOOOOOOOOO
0000000000000 0000,OIsonetal. (199000000000 DOOO0O

main.tex 2000/02/15



040 ODOOOO 27

Glatzmaier and Gilman(1981)

O 4.6: Glatzmaier and Giman(198D) 0 000 0000000000.0 (0)00000O
002000000 (DDOO0)ODoOooood. (Gltazmaier and Gilman 1981)

go.

432 0JO00ODOOOO0OODOOO

000100000000 Kageyamaand Sato (19976 O OO0 00000000000
00000000 .Kageyamaand Sato (19970 000, 000000O.000O0, OlsonO
0, 000000odioibd «00gdoooooooon.

go,0oocboobooooooboobooboobboob R, ODDOO0ODOOO
ggb.oboggbbboooobbooobb.booobobbooobbboodabn
gboboboboobooooboobobobobo,gbooobobobobob RO
ggoobuoooobood.

main.tex 2000/02/15



040 ODOOOO 28

Kageyama and Sato(1997)

047:0000000 «000000000.0(@0)00(@)0000000O000O.(Kageyama
and Sato 1997)

guooggobbbboboo,bbbbbbbbbbbdodgoooooooooobobn
gogbboogoob.oba,oobbbuooobbbooobbbooobboooon
gog.0bobogg,obbuoobbobuoobbbuoobbboooobboooon
gbogbogobogoogboo.

ggbbooogoobbo,ggobboooobboooobbooobo,bboooob
goilooioo0opooooooboobobo.ocobooboobobobooo,oboooo
gogbobobuoogoobbooooboobboooobobobooooobo.

Olsonetal. (1999 000 0ODO0OCOCOO.00000O0DOC 1000000 0OO0O0OO,
obo0200000300000b0b0obooobooooboobooboboboosog

main.tex 2000/02/15



040 ODOOOO 29

0 48:000000000000000.200000000 «0000000O0O0DOOO
00000000000 O0O0OoOO0. (Olson etal. 1999)

00110 (0 200)00000000000000DOOO0.00DDO00ODODO0ODOO
U000 wbO0O000 00000000000 DbO0ODbOobOOobD.Oos500006000
ggboobooogoo.

main.tex 2000/02/15



040 ODOOOO 30

0 49:000000000000000.200000000 0000000000000
O00000O0OOOOOOOOO0. (Olson etal. 1999)

main.tex 2000/02/15



0 50 Strongly Colomnar Regime 31

[ 50

Strongly Colomnar Regime
(OO00O0o0?2)

51 JUUuouooooooboon

Olsonetal. (1999Y 0,000 2000 0 OO Strongly Columnar regime(d O, SCR)O O
OdoooD.0s.1005.60 SCROODOOOOOOO.

gogbboodgb,bbooobbuogobbooobboa,bbuoogbboogon
ggddggo.oggooobobbobobbbbbodddooooooooooboobooo
g.0ooooboooobo,0oboboobobogobooobo0i100b0oob0oooboonD,on
oo0ooOoooo0ooboooDboOobooo (o sa0d).

000,00000000/0000000000000000000000000000,
000000000,000000000000.000000000000000000
0,0000000000000000000.0000,00000000000000
000000000000 (05100).0000000000000000000000
000000000.000,00000000000,00,0000000000000
000000000.000000(@5100)000000000 (05200)0,00
00000000000 000000000000000.000000,0000000
00000000000000000000000000000000000.00000
0,000 (@000)000(@)000,00000010000000000 (0 5.100).

main.tex 2000/02/15



0 50 Strongly Colomnar Regime 32

TEMPERATURE PERTURBATION

Olson et al.(1999)

0 5.1:sCrROOOO,00000,000000000000,00000000000000
g.doguoudo,dboodouob. oo ob oo oboboooo
O00000: 7T =40.3,(V xu), =+0.5, H = £0.45(0lson et al. 1999)

main.tex 2000/02/15



0 50 Strongly Colomnar Regime 33

KINETIC AND MAGNETIC ENERGY ADVECTED HEAT

Olson et al.(1999)

0 5.2:sCcROO0DOOO0ODOO0DOODOODOOOO,000,000000,0000000
gobooooobo.cooooooobooboo,0bbooooooboooooobooo.oboooboog
0000000000000 000000000: Ey,=0.5,E, =03,W, Wr, & =0.2.(0lson

etal. 1999)

main.tex 2000/02/15



O 50 Strongly Colomnar Regime 34

L A

HEAT FLOW

Olson et al.(1999)

0 5.3:SCROO,r=0.90000000,000000000000000,0000000
O000ooDooooooooooo.oooooon du,. =3.18,6H = 20,400, B, = 0.0508.
0000 100 .(Olson etal. 1999)

main.tex 2000/02/15



0 50 Strongly Colomnar Regime 35

VELOCITY
1& o "
20+ WS ;L«
{. YN NN = i
2N RN % b /i/;]
= L T e -
105~ e < A
w [ Ll N -
g L8 ey 5
E of 2 > RN
= s s febissfa s
E \,/,f foft
-:1!.- -~ \
r:':* ::.:(&\\ !
rr RNV
// '\yf

LONGITUDE
MAGNETIC FIELD

ANINY NN

E -

LATITUDE

L |
L |
[

i : '_-"'" L T
.r,-"//.f‘.r‘t‘ wiippncny o N S N NIE B el p e b A 5
Frf e = 0t SRR LR e e o

* ."{//.‘{.‘-_..‘I . ;:L :,"l"".\?'.{’/ff' I

20 40 60 30
LONGITUDE

Olson et al.(1999)

|II'.||IIIIIlIIIIII

n
(=]

[=]

054:05300000000000.0000000000,00000u, =3.18,6B, =0.087
000.0000000oQoooooooOoOoOoO.Olsonetal. 1999)

main.tex 2000/02/15



0 50 Strongly Colomnar Regime 36

-HELICITY x Bphi AZIMUTHAL FIELD

Olson et al.(1999)

0 5.5:sCcCROD0OOOONDOONOONODD.00000D0D0O00NDDO0NODDOO0ODOOQ
gobboboooooo.obbooo0obooobbboooooobb,bDooooobbob
googboboobobodbuo b oboob . oboboobobobooboboob
(COoD)DOoOoOooOooDO.000000ODOO00D00OoOooOOoDOOo0oOooooooOooDooOO.o
0000000000000 000 «w00000.0000000000000000000 (O
00)0000000D0.0000000006Jg =1.23,6(HBy) = 2840,0B4 = 0.211, w = 23.
0000 100 .(Olson et al. 1999)

main.tex 2000/02/15



0 50 Strongly Colomnar Regime 37

TEMPERATURE dB.vdz

Olson et al.(1999)

0 5.6:SCRODDODONONOOOD.O00,00(@00),000 200 (@000),000 20
0(0O00) 000000000 000000 (@000)000.000000000000
000,000000000000000000000000000000.0000000

0T = 0.0625,5B, = 0.24, dw = 509(Olson et al. 1999)

main.tex 2000/02/15



0 50 Strongly Colomnar Regime 38

52 JUOOooong

521 DOOOOOOOOOO

go,0000000000000b000b00b0.0s830000,000000000D0OO
gboooobod.

Christensenetal. (1998)0 00,0 00000000O0OC0O0OOOO0OOOOOODODOO
o0bO0o0obO0o0ooOooboOo,0s5300b00bo0oooboo0obbooboobDoooo
gb.0ooooboob,0ooobobobo,oobobobobobobobobob
ggbbooogobbooobbbuodobboboo.obbboo,obbboodabo
ggbbobugoobbboooobobboooobbbuoooobobbooon.

gseddpooobo,0bb 00, 0bo0boobboboboobobooboboon
gboooooooooogobobob.oo,0ss0000o0b0ooobooboobonDn
gbobodbooob,«0bbuogbboo.oba,gbboobobuogbboobooon
O00,00000D0C0000O0OoO00OoDbooOgOo@ssbob0).0oogooo,bo
ggbobbogoggbbobuoooobbbuoooobobooooooo.

O0000000,000000000000,Kageyamaand Sato (1997a)1 00,0000
godoooooiod «dbooooooooooog.

522 UUOOOOOODLOOOO

go0o0O0ODoOoDoOOOOO0OO0OO0O0000000OO.coooooooO @ss500)oO
gogobbobobbuoooooobbbobbooo.ooobbbbboooooobbo
Ob00wbOOOOOobOooooboobooboo.SCcCREDObOo,ooobooooon
gogobobbog, bbb wbdgoobbbboooooobobooo.oobob,n
O0000000O00DOoO00oDoobO.(@s500)0000ooDooOon.

main.tex 2000/02/15



0 50 Strongly Colomnar Regime 39

wihoogooobogoobobuoooobood

0 [ug sinf _ 0 [ ug
ey () + 5 Bogg () &Y

goobooobo.0bbtbddooduibwdbbbobbbouooooooooboo
gogbbooogobbo.ggobboogobboooobobog,gobbooaon
gg.obb,bogddbbbewdddbbbooobobboooobbbooonob.

gugogogobbbbobbbbbooddoooo,goooooooooobboboobo
gooopoooo(@oss5b00ooboogoooooooboo,boboooobooooooDo
gboobo,0odbooboboobuoobobobo.0os40b0obboboobon.

0000000000000000000000000000000000000.000
0000000000000000,00000000000000000000000.
000000000000000000000.000000000000000,000
000000000000.000000000000000000000000000
0000 (0 5.300).

gselbdbboobOoobo,0ob0bobooboobooboboobOoobooboboOoDon
gobboobobooog.ugobbuoogbbuoooboba,oobbuogobobboann
gbobggbuogbooogbbogouogb,pgbboobuoobooboboboon
gogboboboooobboood.

523 O00OOO0OODOOO

gogobbbooogoobobooooobobobooooooobobo,boooooobn,
gogogobbboobbbbtddddu eggobbbbooooooobbo,obbn
ggbbboooobbboooobbbad.

000000,SCRO 0000000,0000000000000000000000
googgobobbboobbob.obobbbbbbdddoooooooooobobooo
ggobo,0booooooo.

main.tex 2000/02/15



0 60 Fully Developed Regime 40

1 60

Fully Developed Regime
(0000003

6.1 DOODO0OO0Ooooooo

ggotoooooo, oo, oo ooooooobd
O0.0000000,0000000000000000000000000000 Fully
Developed Regmél 00O 0O0.0 6.100 6.40 FDROO OO OO OO.

FDRODOOO 2000000000000 00O000DO0DOODO0ODO,00Db0O0OO
go3gbooog,sCcrRObbogboobooooobbonbn.delbed4nnnn
o.0e30000000, 000000 SCROOOODODOODODODbDOODObOOODO
gobboobobooob.booobobooobbooobbuooobbooooboo.o
ooooooobooooboooooboooobOOoobL.cobobobooboOo,oe3000
goooo,0bobbobbobobobobuoobuo.boo sCcRUbDbooboooboooo,
ggoboobodd.

gell00di0bO0ODbOUODOUOOODO.OU0ODOUODLOUODOODObDOODOODO
gogo,gobbbobbougooooobobobo.bouggoo,goooooboo
gogogobobobbooooooo. oo, goooboboobobobooo,oooooooboo
00,0000000000000C0.0000e630 000000000 OOOOOO (O
gooooooooOoboboOoobboooobooOoboooobooooDbobooO)oopoooao.

main.tex 2000/02/15



0 60 Fully Developed Regime 41

VELOCITY AZIMUTHAL FIELD

Olson et al.(1999)

0 6.1:FDRODCODOOOONONDODDOOOOOD.OD0DOO0O0O0OODD,00000000
oboobo,000b000b000b000, 000000 wbODbOoO0ob.0b000b00000
0Jy =3.3, duy =13, 6By =0.214, 6w =80000.0000 100 (Olson et al. 1999)

main.tex 2000/02/15



0 60 Fully Developed Regime 42

HEAT FLDW HADIAL UELOCITY

Olson et al.(1999)

0 6.2:FDRODOOOOO (r=03596) 00000 (00)000000(CO0)00000
00000 (r; =0.3506) 000000 (00)00000000 (00). 000000000
Su, = 3.56, 6H = 47,742, 6B, = 0.661000.0000 100 .(Olson et al. 1999)

main.tex 2000/02/15



0 60 Fully Developed Regime 43

TEMPERATURE PERTURBATION VORTICITY

e Y

ANGULAR VELOCITY FIELD LINES

t ' '
. .
r-:,:‘ y

Olson et al.(1999)

0 6.3:FDROODOOOOO,000 ,00,000000000000000000000
0.0/0000,000000.0000000000Q0000OCOO000DOOO0DOO

0:7T" = +0.3,(V x u), = £0.35(Olson et al. 1999)

main.tex 2000/02/15



0 60 Fully Developed Regime 44

RADIAL FIELL

Olson et al.(1999)

0 6.4:FDROO,»=0922000000,0000000000000000000000
0O0000oO0DoDOobOOobOOo0ooo0.o0Dooood du,. =1.78,6H = 133,000,6B, = 0.19. O
000 100 .(Olson et al. 1999)

main.tex 2000/02/15



0 60 Fully Developed Regime 45

6.2 JO0OOO0

FOROODOOOOOOOOO,00000200000000000000.000,00
200000000oo0obo00boooobo0obooboobO,oDobobogobboooboo
oooobooobo,FbrRUOCOODOOO0ODOO0ODO0ODOODbObObODbOODDOO.

6.21 DO00OO0OODOOOOO

O0000000000O0O0oogogoogo. Olsond O, 000000000000
SsCROOUOOOOOOoOoobobobOoobob0eobboboboboboobo.obon
0,06100000000000000CO0O0O,Olsonetal. (199900000000
ggbobbooogbbbuooogbbboooobbbooan.

oo0o,061000000, 000000000 DOOOODOODOODOODODODO.O
googooobbbobobbbbbtodddoooooooob.ooooobobobooboo
ggdogobbob, 0o bbb b oo bb.0oobobbbbbn
g,gbboboggbbboogobbooobbboo,gbbbuooobbbuoodgbo
ggbbooooobob.oooobbooobobobooobbbooogbboooo.oo
gogbbooogooboboog,gbbuooooboboooboboobo.ogoooboodgon
gboed4bbob,0bibb0b0ObOobObObO0ObOobDObODbOObObDObLOn
gooooo.

6.22 DO00OO0O0ODOOOO

o0,0000000000Db00DbO0bO0ob0O0b0.061000DUDODODUODO wO
gbbo.0bbooobuodbbilwbhobboobboobboobuoobboob
oooCo.00,000b0b000o0o sCcRUODbOOODOoOoD @ ssbog)o,oboooo
gbobogbogbbogboobbogboob,boob.gbg,gboobboon
OSCROO, 0000 0D000D0.0D0O0,000D000D00DwODOODOOOODOO
gogobobooboto.ggogobbobbouoooogobobobbbooooooobooo

main.tex 2000/02/15



0 60 Fully Developed Regime 46

gboobobobobobobo.oboDrROODOObDOoDoLDooooooon,on
bbbl «bbbdodbwbdgooboood.

6.23 UO00OOO0OOOOO

FOROOOOOOODOODOODOUOOOOOOOO SCROUOUO 20000000000
g.ggdg,ggobbobobog, bbbl w000 0ooooooo.gobobo
00,FDRO w0 O0O000OO.

main.tex 2000/02/15



O70 000000000 47

[ 70

Joooobbod

7.1 Olsonetal(1999 000000

gooboobobologobobooboboooboo,obboooboooboooo
oo0ooooOooODOO(@UO)oboo(O)oooooDoOOOOOOO«DOOoOooooo
g.gobbbod«bbbooggbbobuogoobbod.

000,00000000000000000000000000000, Olsonetal. (1999)
gboz200000000000b0O0.002000b000b0b0o0oboDbooobooon
ggoboobodgd.

SCROO,00000000DOO0O0OODO0DbDOO0DbDObOO,D0bO0obOoobDOobbOOoDboO
00000,000000000000000000000000O0.000,SCRO o200
gooooOo.sCRO0OOCOCOOOOUOOOOOO,Busse(1979)0O0OODOOOCOODO.

FDROO, 000000000000 00O00DO0OOO0O0DbObLObD.ooobooobon
gogbbooogobbooobbbuooobbooboo.oobboboogbobo,ooaoo
oo bobbbobbbobbbbobob.on
O,FDRO *w 0000000. DO00D0D0O00OO0ODO0O0DOOOOOO Glatzmaier and
Roberts ] OO O 0OOO0ODOFDROOOOOOOODODOOOOOOOD.ODOO,Glatzmaier
oooooobo0oo0oboUooDoDOoU0obO0oU0oO0O0oOoU00Ob0 (obooboooooo

main.tex 2000/02/15



O70 000000000 48

go0oooog)ooooo0ooboooobooo,000obobo0gooooooDoobOoooDo
00000000 wi0000000000000.FDROODOOOOOOOOOOO
O Christensen etal., 19980 £ =3x 10, P, =2, R,=R,,, 0000000000
ga.

7.2 O0OO

gbobog,bogdbuoobboobuogboobbodboobbobobboboon
O0,Olsonetal. (1999 00 00000O0.0D0DOO000OOOOOOOOOO,00D0O
gogoggobbbbobobbbbbodddooooooo.gooooooobbobooo
go,0ggboogobodbobooobuogbobobodbooo.bob,ooboboooon
gbogbgoboboboboboboo.

Olsonetal. (1999 000 200000000000,000000000000000
O00000D00.00, Kageyama and Sato (1997b); Kuang and Bloxham (1997)0 O O
ogoooooo,0oboooooooooooooooo,oooooooooooooad
gogooo.

googgoboo,gggoobobbbobobobbbbooodoooooobobboon
gogoboboobo,0bbooggooboboogoooooboobo,bboooa,oooobo,
gooobooboo3oooooboobuooboobooo.

gbob,00budgbboobobuoobboboobobo.gboob,boobuooboboon
gbobogbogbbogboobbooboobboo.bob,ooboo,bbboon
ggbobobuogoobbooooooboooobobooooooboobog.

main.tex 2000/02/15



0o 49

L] [

ggboobobuogooboog,ggobobbuooobobboooobobobuoooobon.

ggbboogobbooob,bbuooobbbuooobbbuoodgbb,boodbo
gogobbobb.ooobb,booog,gobbbooog,gobbb,goooobo
0, 000000, 000boog,0goo(@oo0oo)ooboooooooooo.o
gobbogobbtooobbooobbbooobbuooobbuooobbooooo
gboobgobgobgoob.ogboobgooboo,boobob.

g, gggooooooobbbobobbbbtboodoooooooooobbooo
ggoobo.gggoooboogooon.

ooooogpkiXOUOO,00000000000000000000O00 TXXOO0O0O
gbooooooboobooboboo.bob M kXOoooooooooooooobooo
ggbobbooogbboboooobbbuoooobobooooooo.

main.tex 2000/02/15



gooo 50

HRERERE

Braginsky,S.I. and Roberts,P.H.,1987: A model-Z geodyndsemphys. Astrophys. Fluid Dyn.
38, 327-349.

Braginsky,S.I. and Roberts,P.H.,1995: Equations governing convection in earth’s core and the
geodynamoGeophys. Astrophys. Fluid Dy79, 1-97.

Busse,F.H.,1970: Thermal instabilities in rapidly rotating systeimBluid Mech, 44, 441-460.
Busse,F.H.,1975: A model of the geodynar@@ophy. J. R. Astron. Sed2, 437-459.
Chandrasekhar,S.,196Hydrodynamic and Hydromagnetic Stabilitgxford University Press.

Christensen,U., Olson,P. and Glatzmaier,G.A.,1998: A dynamo model interpretation of geomag-
netic field structureGeophys. Res. Let25, 1565-1568.

Christensen,U., Olson,P. and Glatzmaier,G.A.,1999: Numerical modeling of the geodynamo: a
systematic parameter studyeophys. J. Int.138 393-4009.

Fearn,D.R.,1998: Hydromagnetic flow in planetary coRep. Prog. Phys61, 175-235.

Glatzmaier,G.A.,1984: Numerical simulations of stellar convective dynamos. I. the model and
method.J. Comput. Phys55, 461-484.

Glatzmaier,G.A. and Roberts,P.H.,1995: A three dimensional convection dynamo solution with
rotating and finitely conducting inner core and marilbys. Earth Planet. Inter91, 63—-75.

Glatzmaier,G.A. and Roberts,P.H.,1996: Rotation and magnetism of earth’s innebcierce
274,1887-1891.

Glatzmaier,G.A. and Roberts,P.H.,2000: Geodynamo theory and simulaRews.Modern
Phys, 72, 1081-1123.

main.tex 2000/02/15



gooo 51

Kageyama,A. and Sato,T.,1997a: Dipole filed generation by an MHD dynBfasma Phys.
Control. Fusion 39, AB3—-A91.

Kageyama,A. and Sato,T.,1997b: Generation mechanism of a dipole field by a magnetohydro-
dynamical dynamaPhys. Rev. E55, 4617-4626.

Kageyama,A. and Sato,T.,1997c: Velocity and magnetic field structure in a magnetohydrody-
namic dynamoPhys. Plasmast, 1569-1575.

Kageyama,A, Sato,T. and Group,Complexity Simulation,1995: Computer simulation of a mag-
netohydrodynamic dynamo .IRhys. Plasma<, 1421-1431.

Kuang,W. and Bloxham,J.,1997: An earth—like numerical dynamo mbldélire 389 371-374.

Merrill,R.T., McElhinny,M.W. and McFadden,P.L.,199%he Magnetic field of the eartiica-
demic Press.

Olson,P. and Glatzmaier,G.A.,1995: Magnetoconvection in a rotating spherical shell:structure of
flow in the outer corePhys. Earth Planet. Inter92, 109-118.

Olson,P., Christensen,U. and Glatzmaier,G.A.,1999: Numerical modeling of the geodynamo:
Mechanisms of field generation and equilibratidnGeophys. R104, 10,383-10,404.

Parker,E.N.,1955: Hydromagnetic dynamo modakgrophys. J.122, 293-314.

Zhang,K. and Schubert,G.,2000: Magnetohydrodynamics in rapidly rotating spherical systems.
Ann. Rev. Fluid. Mech32, 409-443.

oo0,9%e:00000000000000000DO.004, 66,817-825.

ooogoo,200:00000000oooboo.oboboon.

main.tex 2000/02/15



