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BEE

SREMRICHEE LU EBEEFD. BN, EEOEERETTIVEHET S HELERTS. Weber
and Davis (1967) DET NV EILRL T, BHEAHRICH > TOMIRBAERTHEIANV X —A
DEAMNORDZEZENTES, ZOBRET2ODHAS (critical point) AN D, BERTRE S
ZICBIT 2BV (slow mode) L#EWH (fast mode) DEERETHS., RO A XIVEBEHE DR
. BAMEBYLZAHOIDOHYVEVEH/ET IDICEDRITAE RS RV, ZORKR. ¥
HRT VR VICHET 2 2BORBTHEADFOND., ZORHZHERXIT Alfvén B AR
RiChoThBY, ZZTOEAZRAEL, AERATORAEDISRI—RICHE S, BEFHZ
BMESEAEZREL THEHAELTHAE. ZORRAONWEEELREEIZ. SEBEAROESHICEK
5, BERANDORNDRHAITHS. BOBEFTOWENIRLIBVWERS L. BHATHFRICIE
oS FEERE A HEICINE (VA—K) 3hd. HEHOZIEHETE. BREVFOANRAH
AEHLZHE, BEOHEWEROEENTES.

F—U—F:EER. KBR. BRHEETE

1. B6HIC

AN MVEF;HEY TEIZIS, HEOEVWENMNSBEVWENDOBBR 2IHT LD, HERICES TV —
FRIRVRESNT WS (Schatzman, 1962). Tabb, BBHOETRREICHRESH 2 EHIC. ¥
AFE - AADZXLRL IS TGN TE, #BvanF (ZHhBBEHICLoTEDND) AN TES. BHE
FoEREEAMRET I V—FORM IR, BBICIVEGHR IV ORPR 25 E0HIC. BHEORWE
BUCHARTTF o REW.

BEE2REOEROYWD TOEENET IVIE Weber and Davis (1967) ICk o THELNE, BLDETF IV,
RitED 2w, EXEERERRORED. % CEHXNHRFENER) hOEYy 7Rz 2 v F -KICLYHo
EbDOTH5. BAZWERIEBLH (WOWBERATVY M- E)R=)V- EF)) T, ROA XI)VEESH
(FHEANOES) WEER (£o03<) T, MEETIPIREETCHERTDZILVWIEDTHS. ZOWBE
BT, AEEICEREN DT, ZOLTHIOHUDITIMERNENADEAINZLATWSEZ LIRS,
ULMUBREBENMERICEVWEELTEZ2 20, BREOEEIBZNICIMOERA bRV, KOS ITHRE
HOEFEDOHEERD., KEOEHEIBET SREMAT—VE ~7x 10° B L ABb-o . (EELAEHE
BRERBHABT-RICEELNATVWD LT S.)

Weber and Davis (1967) D €T )V Tk, WEDPESKIRAESF (MHD) D 3 D DIREE — KN BV (slow
mode)s EWHK (fast mode). AlfvéniR]DEE L —HT2LIZ5IC320 THRAR BH5. ZORAIK. &
WICHIRTEHEAR—EOAVHEANS. BHEORVWERBRDEGE (Parker, 1958) L IEANTHHMETH 5. Weber
and Davis (1967) M- = FEEE. FREN SEENEZERICOVWTHIERTE S (Yeh, 1976). LALWTH
KBk, ZOALDEFNVEBIBRERYZHFHOIOHYEVWEZXTWAY, (RO A X)UREE T fEHR
ERESNTVSE.) RoTETNIXLIKRTT, BHREICH > THEMLICRDPEZ LN TES.

FRRRFHZERCAHE & Y HRA




—F. AR EBYLZFHOATOHYEVERETIDOICHEGRELTFERLED LD LT EL, FoA
FIVHEICET 2 O OMNEEEICET S, 2BORED FEANMESNDG (2RITETIV). ZOHFERX
BEZ S L WS H AT Pneuman and Kopp (1971), Mestel (1968), Okamoto (1974, 1975)IC & > TR S
’=. Pneuman and Kopp (1971)IC & & REMETIZ. BHMICH > TOERDOMB L. BAMEMEY S M
DHOHY EVWERBIHENTVS. LML Okamoto (1975) k. ZO2HEHDAT v T TRHABRNICHRE
HAH % DIC. Pneuman and Kopp (1971) RENEZIEL <Fo TS, FERVEODLWEHHAL T
VB (ZORICODWTIRIEAETH LIRS S.)  Mestel (1968, 1967, 1968), Okamoto (1974,1975) i&—
HEOWX T, ZOMEDEITHIERI 217524 Pneuman and Kopp (1971) LERLNBIFEFH L WE
ERHRWE X TIEWARWY., AT, #8522 MHD fast mode DEERRICOVWTHEREZFA > TWRWDHEE
MICEbh 3.

ZOmXTE. 2RTDEBDOEEZHEHICKRD 2 HEEBNS, ZDFHEE Weber-Davis D 1 Rt E
TN DHBRRIERZRD T, KA 2 T Weber-Davis BT )V OEARWFHEMBICE L H TS, 22
TRND VWL DD RTBEDHZERIFR (Weber and Davis 1967; Yeh 1976) DX & HTH DN, H L VR
BV ODNEATVWS. IS, BAMICIH--TOERDOEEGREIISRDZFEEZRBRANTVWED, ZHhHE
SEICBWT 2R tMHEEZM L EICHIASINS. BESETH2RABOFANRINSED. HOANER
i AFMICINR T B2Z A RWEEING. ZORAEVWIEZ., BEFTOHERERFTTE2ZLICk->THLHBET
25, ZNLORRESBIC, BAETSEDHEL Pneuman and Kopp (1971) D HEZ LB T 5.

IRFTETIVE 2IRFTICHEIR T SBRICHENT 2 EHICT 20 L DOERIE. E/KES (dead zone. BEEAH
CTWTHNAA W) OFETH S, FAMEEKE LKEROBROLLIZ. EEDHEEEDHEDESG W 2R
DLEEBRNTA—ZTHEZENDD>TWVD (Mestel, 1968). FHEDHF TIX. JHEEEK & (R FIKR 5
EROBEH. BENSEHES 2#T529. BRFEALEZEATS. ZOHBEALOKEICE Y. Weber-Davis
EFNE. NIBTE2RAETNVEDEBEOHBNTHEL 25, LKEREZUETIVIIIROBITHR
DFPETHSL. ILKEROEE L. BEW - BEWHEL SDIEH, ZHEOERT, REREDEZDRLE
MNEZDZHMEBENDDZ LMD, PEWHICERAEZEHEICT S,

2. Weber and Davis (1967) D—RJTET L

2.1. TTFILOES:

ZOETNVE6FEORMBICKH T2 6HOFERNDRDE., RABIHE p. BN p. BELBHOHE
B & FALARS V,, V,, By, B, TH 5. BRER (r, 0, o) BV, Fl# 0 =7/2 DEL DFEERDS. €
TIVERRET S HERI

p=Kp, (1)
pVer? = f, (2)
B,r? =@, (3)
(Vo — 2r)B, =V, By, (4)
B. B

r<V¢ - 471_,0‘2) =273, (5)
vz o1 9 vy p GM 2%

7+§(Vw—97°) +7_1;— ” — B = F. (6)



ZZTMRBREDHE. GRAFBHIERTHS., 6EOBMIERK, f,8,02,ra, EZEALTVS. (1)
RFHEH v (=—)ORY Oy JHEFETHS. 2)RL Q)RIERELBROREEZRT., 4)RiE. A
HE Q CTHETLIRCK > TR LMNLEENEITTHELEDI Z L 2R, BMEHKERM (frozen-in
&) EEVWHMRAEDIOTHS. G)RIAEDEOREERT. ORIEEBRTO NI X — 1 DREEH
T, BOHDRT VvV —2%r2/2 Ao TV, EHER TRBESK D IRBEDF WK 2FEZRND
T, (6) RIS IS DHITH N\, Weber and Davis (1967) X # A TRHAB L ZNIV X — 4 DRER 2 H
WEDT, V,—2r DRODYIC V, BAY, FERLART VYY)V —2%r2 2 BBNTRDOYICHA ¥
TAYTHRBEOHEMIOWTWE, EHDTXIVF—EHE (6)RNOEH £ & 2?2r4/2 EFER->TVS.

BEDNSA—R K, f & 2, ra, EFEABANE, 6HOFBEAVRERD S, EH. 2 TR
ARELTVWEIHLDEOHEAEEICL S, J0T DK r=r, T, #E p.. B p.. BEBE B, W
EZb0TWELTE. HoTHMERDEICE. HE2OFXEVRETHS. UT. 20H5HBAEANZD
2Oo0FKMEERBZ L ERT.

(1)-(B)RE RICRATE L, BE p 0BE2FOANMMEOND. ZOVEEDT p(r) 2HRDZ )
X =4 DRT.

H(r,p)=F (7)

EWVWIHRBILEIT S, ZZ7T.

GM -
1) = LA, y), ®)
z=r/ra, y=p/pa,  pa=Anf?/P’, (9)
5 e 1 wfE=1a
H(z, y)—2x4y2+7_1y x+2 UL z° (10)
THY. ¥k
P’ , /GM
= = e 11
R A I (11a)
'YKPZx_er s [GM
@: GT: CS r s (11b)
A
2°r3 [ 5 2/GM]
w= = |2°r° ) —| , (11c)
GM N

EREBINTWVWD, ZZT CL=9p/p ZEED 2R, VI = B2/dnp FEEFED Alfvén EED 2R TH
5. FHBAF AT Alfvéen HERKT 5. tl:‘tFtﬂ"D(p/pA)_l/zz‘/r/vAr FAIfVEn T Y NET, p=pa
TlLIChRBaMBLTHS.

ZOETIVOEELREEIUTOELOICELOHNS.
1. BEST p(r) & (r, p)-HATONVI— B H(r, p) DFEEHRTHS.

2. p=pa TR r#£ra 25 H(r, p) 3FBBETEN. r=ry &5 H(r, p) 3RS EEZ, Tab
B p=pa & (r, p)-ZEOERICEVEET. (ra, pa) KOBRBHS. #oT (r, p)-EHAT Alfvén
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1: a Weber-Davis ET WV OMBZERE. Z D (r, p)- FEHICEWT ENS FICHMN - TIHEIC, ##1 slow mode
Dy N (BEFADOREEMD slow mode DEEE B A BF7. BER). Alfvénfit (EED AlfvénEE &8
A B, iR, fast mode D v NHHE GEEMN fast mode DEEEZBR 5. —S#HM) 2BHRTS. &
WL, BEAHOHRERT SN ) XVEOMEERT. v /\HlfgE ES ) X))V O R &N slow mode
B A (S) & fast mode iR R (F) 25X 5. Alfvén RIFATRLUTH S, b MR RH2EEMIK
WHTRLTHB. N5 A— 2D (0 =05, w=025)d. 3OOBRERENVICHHET S5 &> 2plL
LTEBAEDIDTHS.



HEXVEBEDEIL (p > pa) DD Alfvén EE X YV EEDER (p < pa) "EBTEINTOMITHE
B Alfvén & (ra, pa) 28BS,

3. S p(r) O XA (HZVWIZOR) BWRSIWE H(r, p) BRFMCTEERLZ S, ThbYS

on _on
8p  Or

IKTES.

-0 (12)

4. (r, p)-ERDHHR OH/0p = 0 % slow mode, fast mode D v NEHHk & LA 1T 5. BRERD,

OH , 2%p (L@Bw

2
i _ _ K y—1
e " p—Anf?/®*\ B, ) e

‘/1"4 - Vrz(cg + er + VA2Lp) + Cg‘vAzr
‘/1'2 - er

V- VA -V}

- .
‘/1"2_VAT

(Vjp = Bi/47rp)'6‘25‘)‘ WoTOH/Ip & V, M slow mode DIRIRELE V,, ¥ =1 fast mode DI

HE V, K—HTdLZ25TERKRS.

5. (r, p)-EHNDHM OH/Or =0 2EH ) X)NVHKE 4TS, KBROBEENERIS NN - ) X
WEDBEEITER S Z LN TE (Parker, 1963). J ANVDIUENDAEDN OH/0r =0 TEABNS.

6. slow mode D~ v \H#Kk & EF ) X)VHI R D 3E KA slow mode DEEFR R (s, ps)s fast mode DT
N L E ) XV R D KA fast mode DGR (ry, py) £725B. T2 TR, ZODRAENRS
ns.

H(rs, ps) = E,

H(rs, ps) = B (14)
ZODEDICULTERBEN —-BWICHESINS.

M 1a & 1bICHEM R v N EH) X)VEE BEEOREEZRT. r DANSVWLZATEVEE
(Vi <Vip) WHRAE =KL, r DREVWELZBTEHE (V, > V) K425, BYLRERMIKMTREINT
W3, Alfvén SIS OMBHEBOETTEEICRoTHEY., BAUOBEEZBUVE TH/EAIL TR, B
IKEAIE, AIVEnBERA L IEIDIIEL 22, BIC Alfvén B EIPANRETHB. EELEIEICRS &
I, BABEBY 2 FHOHYEVOFERTIE. AlvnBERENFEROBELZ L LTHNSE, X)L
X—ADRIEBEICHETEIA DT, BEZALEHEDLEWAIfVAMBEEIANLI - DORICEH LRV, &0
SEDILHBETE S,

2.2. BIRTT/NZ A =D L BERABONE
OIS EWICAT —VEEXEETOBOEHEDT. (TREBRLELTERATHS.

H(IJ Y; ﬂ; @,W)ZE- (15)
ZZTCEREKROboTHEASNENTA—RTHS [E=E/(GM/ry)]. BRMI

OH OH S . i
3—93—%—(% H=F, [(z, y) A (25, ys) & (27, y7) C] (16)



static thermal
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2: Weber-Davis ET VD NT A — X 22, #EITBM T2 RT 0. HENIZLSTOMERERT w 2H-
THod. HOAEATOHEETIE., BHHIELNEIARTHREDERMNFEEL 2V, AT REWERODHE
BT, EOHNIEETRY, ZEEIRELIBOHEET. BHEHIEETRY., ZOHERKICABZIIONT.
EROKIHERE Vo, X, HEIEHETZL550ME (Ve p) EYBENT S, IR Vo /Veop =2 OEM
DEF . EVWEKEEAE FMR (Belcher and MacGregor, 1976) & FEO. 2 0 EAAN DL T b B8 WEE
KIEHRAR (SMR) & KBI19 5. Weber and Davis (1967) D RKBEET)VIE @ TREINTWS., HIRMAHE,
WEmE., ¥23Z20WA % 245 (OTxrT). 545 (O). 1065 (A) LEPLTIFLL, EFIVIEERIC
#-> T FMREKICHEA TITL.

MHRDPBNEG. ZZTTFHNRATF s & f idslow mode, fast mode DEFR R ERT. 8 BRI (2, z;,
Yo, ¥r, 5, O, w, B) DD 6. BARHBANSUD LI LR TES. HEDH2OFHBICHEETELDT, 2
ZTHOLwEBETEZILILTS. THLERMB =, x4, y,, y5, B, 1O L w OBIBRE B, BIC,
HOPLERBBI2ODERITNIA—R O L w (B4, BEREZNET 2RES LEDT DRSS DI
TH3) THEOITLNS. BBEOBIOEETH D g [(11a) K] Z2HIEZDONFA—-ZD—DICH->TH &
WDEMN, ZZTEI LA, BMRAEZTTREREZMETERWAL THS. BRITTEAIHRIC
WOBRFEFREEZRVOT, HEE (EOH) LHICR->THDTMENRERET .

RIGEFDODNTA—F Q py py, Brx &« BRIANTA—F @, 0w OBEBRIUTOIIICRWEZNS.
EFRE E EI0FEHTORCIYRMES, Z0LE. RPOHIBATEL LTS, B)RL
(1) R &8> 2.

o . GM o .
Eﬂﬁ:(vl%ﬁ o 2r*)/(GMm§ (e

BEOLNE. KIS (1lac)AMD ry & pa BHEL., & =r?B,, 25T



2 \7-1 2v-4/3
7719w = &( By, ) /(GM) (2r,)2(4/3-7) (17b)
px \ATps Ts

B35, 220K (1Tab)BN O L w DEERTDSHZNTA—K 2 p., p., B DEBELTHDS. &
BARL gL EbOLw DBANOEBENSTHS.

TZTHRALTBINEHEELRER. ERFERDZEHIC. Wbwd GHVE B (shooting method) ”
BRBERZNWEWSZ L THE, HEXREFERX (16) X Newton-RaphsoniRIC & Y B, HHEICMI Z e N
TE, ZIULTC a,, 25, Y, yp, B, f OEERDTOD, (2, y)-HATOEEHRESL Z &2 THEK /L L=
WES y(z) MEONE., ZOFECEIYERMREBEREICRDLZLEATELDT, BIED2RTET
WOHATEZNEZFALTWS.

JBEWHEED @ & w ODEICH U THEERDERMREX 2ICSRLE. (y=12 &HELE) (O, w)H
DETFTICIERMBI RV, ZOBEFRIELHIC 0 <y-1 L w< (3/2)%2 TEABNSE. ZOH
BTREADELHLHEVEDICERNTET, BKELHEBOARKNTELLZALND. A FOHEKT
HOEBROEHTHY., ZLOFERIZLONEDOEETHS. FLOFERTIBEALEZLTOHAEMNE
BOMEICHEELTWS., BEOKEEE V, 3. BEROEEK T, EOHEED RWEE O E E
(Voo p) EEDYDR, V[V p =2 2B EIRMMEBLH 2ICRLTHS. ZOHMKROEMNTIE. B
B DGR Vo, EEED R WS DME (Parker D) Vo, p IKHNTHLMTKEL25TWS, Belcher
and MacGregor (1976)IC7 B 5 T, Z DD 2 G VWEBEK A (fast magnetic rotator, FMR)”. &
K Voo ~ Vo p PHEEEBVEEKEESE (slow magnetic rotator, SMR) & IS,

Weber and Davis (1967) D KBBEMIT © = 15, w =03 KHZHL, H20HT 0 TREINTWVWS. X
BRI EHEBEIRICHS. BUKBOHEEE, BEBE, $EXZOWAAEMNL 256, IR 2R
SN HBRICH > T FMREEAEM L T L. KEMICIE, BERERRME (2, po, pe, Br ) BEAD N
hiE, ERFEL2EBE2ZORICTOY NTE2Z2LEHTES. LAL p, ® p, OE. BIC B, DEIF LD
MABRVWDT, ZZTRENTITo TR,

3. 2IRTTEFRERTTIL

3.1. EAMt

ZHDETE. BMEOEAHEE (AT Vy b E)2FR=-N) @EHR-RBDD. 1KIE Weber-DavisET IV &, B
HREEYLHAEDOHOHYVEVEMET 2IRTETIVICHERT 5. REME (r, 0, o) THRRETZ2A. HE
D DOHER o = rsing PABICIBCTHVS. (1)-6)REFHRO LD IC—MIEETN D (Mestel, 1968;
Okamoto, 1974). BERDREIT

B=VaxVe¢+wB,Ve (18)

CELIZEREYRIESNG, 22T o (BBOWRNBEE) &, BHO MO A XIVES B, & (r, 0) OB
THod. HE—EIRNOA XNVES B, 2541, ROA XIVESOBIHREL c=—F L VWO HBHTEALH
5. (BEDONI MKRTF YUY VDOHFMARDE a/w THB.) EERZ

V = @B + @’ 2(a)Vy (19)
LEMB., ZZTHE-HIZ. AFE Q CHEITZRMSRE. BBICETLARETHS. BEORE
(divpV = 0) L BEFBRA [V (VxB)=0d. 220DAAF—ZEH a & QB o« ODBEBTHNITHRE
END. 2N IKEKELTHEVWVEWS Z LI, ZBXATVIHLENZFHHELTVWTEVWWIZ EERL
TWa. (1), (5), (6)RE—MILTdZLFEXTL,



p=K(a)p", (20)

B
= (Ve - 12) = 2= 0. (21)
V2 1 vy p GM 2%z ..

Lind., ZZT V,=aB,/p 3BEDORO AL XNVKT. wa(a) T Alfvén FETHSE. HB2ETHALE
BEDEBDEBRK, f, D, 2, ra, EDROYIC, ZZTREHHMED THEHMICH > EHIEB K(a), a(a),
2(a), wa(a), E(a) LHRNEE o ZEAL TS,

WHABEE o PEALONIE, (18)-(22) RIIBE 4 DI a=—EICH->EERAREEA L. HEARE
NEHZ, OOFTEHTCOBELENERRARZEL LUTHET S L. slow, fast mode R K TORMAEE A
WT. B K(a), a(a), wa(a), E(a) DEN—FBWICEL S, ZOMR. BESHIRIZDODE 2EDME
BLALTHSE. ZOEHONNX—A FRRIF

Va 1 ira?2(w? — @?) 2 n 1K GM 2%w?
Zp 2 w(dra? — p) v — 1? r 2

b -

RHoTEDIATY T, BAMEBYZ2FMOTDOHYVEVWICEY ¢ ERETEZLTHSE. WIBHAID
ALK, EHFFEXEUTOLDICEHEEZMA S Z LA TES (Okamoto, 1975; Heinemann and Olbert,
1978).

1 GM
. a? 1\ Va , 1 p[ 9
2
— —ad —wB, [(a())' aQwA ]} (24)
p

ZZT ()& d/da BBERT B, o-FA. BABRFEOADHY EVWIRTTIC (21)Re (22) RTERS N
TWBDT, 4)RIBAMEBY LG, $2bb Va DFHOES UNFFERV. 0T, BINE
HRERI

3., ZZTpiR(23)RICEY, BICTRZRWA 7 0, a, Va DEEELR-TWVS.



(25)R W o KET 5. 2HOEBRBRBH HBERTH 5. o 02BN (25)ROETILAEE LA
V. ZOFBEROEANERR. TOEER BREABSOE) rRYHTLI-2YT5. Tabb,

a? 1\ Va a? Va 1 [ a? 1
di _ - — = — — . — | — - — 2
R e O A

+ (lower-order terms). (26)

(23)REWPTHZLICE Y,

2( 2 2
agvamf——v V(G +v@,+%w)+0‘gpv
2c? V- VAp
+ (lower-order terms) = 0, (27)

s (Vi =B;/dnp, Vi, = B./4mp) DT, (25)NEHKRBRDO &S ICHITS.

1 <}§__1) kﬂa__VVa:VaVa v,
4mo? V/%p (VCL)Q ‘/;74 - ‘/,;72(0% + VAQp + V/%Ap) + Cgvjp

=g(r, 8, a, Va). (28)
22T dyadic DEBTEINTVWB DL

3 8%a  Ha Ba

VVa: VaVa_-E: - (29)

z;0z; 33@1 3:16]

DEKTHZ. FEEE g DREHRBIE (25)RDDEHCHEONG. ZOFBEROBELEE L. 28
B OREN p = dna? DFY V, = Vy, OBAEICREDILRDZZLTHD. DY ZOHFERT Alfvén
BEWNBRELRSoTVWD, 22T, AlivenBELATOENABEUTO LD IGERTHT. £ (28) R0 5.
Alfvén KT g =0 TRITINT SRV, ZORENDHNIT2EHITIEZTERE 2L, 0/0 DL R
AEDOENICARS., 2EBDEHRETHICE. (B)RCOEZNVOEREZEH TS, b5, Alfven &
AT (28)RE riCOVWTHAZ L. UTFTOR%EHE5.

VVa:VaVa ‘/;,4
(V(l)2 ‘/194 - ‘/‘,02(6% + Vjp + VAztp) + Cgvjp A

e3[4

BoT. Alfvén HCH2DDRBARIhZZLIChY, DA NVOEHICESL B0)RiIH2HEOHA
FELRAahd, 2FY g IR 2ODERAKEIRSINEZ LIRS, 023207 DEET o OE
MEESINDZLICEDZHDT, HO2VLD2FANVIAETOOLEZNVOEHICEDEZHETHS. Alfvén K
TOROERHZEZ. AlfvéinBOEEERBE 2RIz L EiThd. ERHIZRGEHEIRVWE., B
T AN ETHNHEAEZLBH YIS, 20D 20DFRENDINIT o 2URDEZENTE, HETA
ZFERECOERARME LR LILELRNWZILTHS.

28)RDHI Ve O>DEERMEEI, BEEOFBERATHDLWIZLTHS. 2FYBXATVWLZEHOD
—WTIIAEME, EATINEE L 2d. ZONEERSED., (B)ROEEHT Ve & VVa & —k’a

[Vza —



& —kka CTEENAS. HUEREEZRITBEBRZ MV E (F2REVWETE) 2RkDD L

fﬁ: VHCE+ Vi, +Vi,)—CeVi,
kL VR =V2(CE+ VL, + VR, +CEVE,

(V7 =V (V7 = V7)) (81)

ERB. ZZT kL ok REEAY NV E OS> BROA X VRS B, KA. BAFHORS 2RT,
¥z

) C3Vi .
Vep = CI+ V3, j— Vi, .
THo. B)ROEFLNE (A) &b, kWEE (B) cay, FEXEINHE (BHE) 25, Tab
B, FERXV, <V, 2V <V, <V BB V,, <V, < Vip D Vpp <V, RONHEMETH B
(Heinemann and Olbert, 1978). [Vi, & Vi, & slow, fast mode I DRIMEE DR D A XIS T, (13) K
EAUESKRLTREHEZINDG ] o KHTLZHFEANERECORARAZLELLRVWODLZOHEDNS
HETED, RELRLEMS THEFIAT TN fast mode DEIEE L VHE L. CALRBRTBIEE
HEMASHDIELZENTERVD T, L fast mode FERF L YV AMDORETINTHRIEENE Z LI
RBHEMDTHS.

3.2. tBAE

(25)R%E iy <7r<rou £ 0<O< /2 TRBSNSHHBTHL. (FEEICH LT ETFTHHTH S LK
ET5.) WHOER r, 3. 0<0 < 7/2 OBEHIED slow mode R FE r, DR/NMEL Y TH/hE <
W5, r=mr, COHEAZHALLT. B=—8 (/) K-IVHEEE) 2RT. MIOZER r,, & rp (fast
mode DEEFRFFE) OBRREIVDUREVWLE ZAICEHS. BICBNEEDIC, o KETHMUBEREZEIT
Alfvén FETEXABNDZ DT, (25)RIBEMIDNEFZONNIE. ry <r <71y EVOIHEHETHMLZ
EATEDZEDICEDLNSE. LA LUERIT. BESTIE fast mode AR DMEBICHEREFET 2 DT, HE
Pin <7 < roue ZHBICEMRITNE RS RV, —F, FE roy FYANOEE T (25)REATMEICHS T
BZZLICE-THELND. RERD (25) NI ZOHEHETEMHEBETH Y. WHEER r, <r < roue THD
NERICEY a DIEL ZDEEBEN r=rous THEALNEZNDTHS.

BREBT OB (B, = 0/r’)id a = 2Psin?(0/2) DEDICRINE. foT a DROYIC, BH 0, %
a(fp) = 2Bsin?(0p/2) KX VEATEONERTH S, LU THENMER R L DT, MIZEEE (r, 0) DD
(r, 00) WEFEL. BELTO=10(r, ) 2RDPEZLLTB. (25)RNDELIIHD.

v (5 -5%) =]
div —_ - —
p  Ar ) w?
_e[a a0\ o[/t 1 \sma (0000
o r2|dr Or \ 96, d0q p 47 ) sin2 9 \ 96, or
-1 2 . -1
+ .@ 3_9 i oz__i sin flo ﬁ 91. (33)
sin 6 \ 06 dbq p 4 r 0t r2sin 6

LB, ¥ (25)ROHLT, d/da= (Bsinfy)~' d/ddy THY. B2 &
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B

S AN

Va\®  (@sindy\ [ 90\ [1 (00

-(3) =557 (&) [#+(5)] (34
TEHEALBNS. (25)RI (r, ) ZEERFICYEZ L ICKYBMEMICHEI NS, BAMITER 6, 1KLY
BEEOTLNATWA LMD, SHOFETEIMEBYZAEICOVWTES IS Valy (BFHEEIHE
WKEL) THY, r-FRAICEATAT—MTHE. LML r-FHOEFEEESIATWEDITTERL., B
TS DOVWT, =2 OBKFENEIC Alfvén BRICRKD EDICHBLTWS, Z0XDICLkne, Alfvén &
KBTI HBRAOBEEEELIFED ZENTERW. UFISRTHATIE. 0-FHEICETFHRE 10 (1008
W), rHIEICH 15 20 DT % logr KOV TIRIESMBLE RS ESICEEBLTOVS. r=r, KB
BEREME 0= 6, LHREICEE, LR, =0TOI=0. §p=7/2T 6 =1/2 TH5.

BORTHRLE LRATF VLA v =12 L85, 0(0) 4. (WHEEELTWS) B0 G ®
BICHELVWEBERETS. £ K(l) & E(f) & 0 KEBRWERLHETS. Z0ER. BDOH
AP - YT, BEOREELK DRENMFIERNH B KELHICH2bIXRYIE>2EBZALNE. HiR
DEVETHE., ZOREIRYIZELRVWDELARWY, NSRXA—-ZDa(a) & wala) iF. BEBEED slow,
fast mode R EEBB L WHORBFICEIYRESINS. (BREDMEBEDREFBEDO—HIZLICEHINB.)

(25)RNEMBIIC. ETHEHUENS A —ZDOEICKH LT, Weber-DavisEF IV ERWTHEL, Alfvén FE
ra EAfVENRTOEE py) RO, ZN&rywp & pawp EELZLIKT S (Weber-Davis T VIS
DVWTDETHEZ L NE-ZTYDVB LI, BAF wp 80105) . RSLEEDEAME rywp &
pawp Wb, (2B5)RNEERTMLERTHIZ LN TES.

FE2ETOHERLALCEDIC., ETNVE2ODERITNTA—X O & w.

- y—1
7K PawpTAWD

M , (35a)

2°ri wp
IKkoTHESNG., BIX. NFRA-RZEH (M2)OHT. ry,ra, ry PABEOREZITHE L ENK
HPRTVDT, O L wMEELITHE2HEEEXSL. (25)REMEBI L. Newton-Raphsoni&Ic & % X #
RETHRL. MOMBEL LT, w AN Ene TR HHEHROBSE 2L 5. —2@EIRENE. 2h 2ol
BICHEST. PLREV w DIEICHTIROBERD .

3.3. StEAR

K3 61d. O=05w=175 KHLTRDEBTHS. £F. M r < roy KB SHMOES BN
WTHRT D UAFTIKRIBITHE royy =4rawp THD). H3ald. REMERICLVBEZRD D87 (BB ITK
SR D FHAEAD 3 DDERA (slow, Alfvén, fast) DMEEZRLEZHDTHS. K 3blk. KEMIKIC
FYRDONERTHS. FNOA FIVEHRIT. BOOMFRES LHEANTE-ZY BAMICHN T
Wa, ZHhiFEIC, PO S VESOHEBICIIHRTHS (M4E2R &) . BABRIRERMNETEED
REBLDIKHLT., HE#ETE B, =0 THB0 5. BZ WREBTCARAELIBTII/HI V. Ko T, B
FEDOHE —VB, /87 RAEENSHMENS MEICEHNT S, ZOHRIIKBEOEEIC Suess (1972), Winge
and Coleman (1974), Nerney and Suess (1975) IC & o THISH THEENE, SBIC. B, KK DHXIRS
HBMICHANTWBDT, ZOHMEEED D, BWAUMOBHANDRED =8, HIEEIATEDOTRE O EEIX.
BERBEZDGE (~ r?) ICHRNTNS RS, 5T, BRZMET LSRRI TIY. BERRANOBBEN
ELOHEBICHE BN, o THAEIMMICHLBENS., ZHh & FFIICHKREMETIE. BN - ERE
DEBEHREIIMEL., ZORRERENIAMCA-TL S, BEBRDEZYOEHERZE [T2bB (19)
RD o] HARELELS TREL 2D, EROKEEE V, . XVX—ADK (2305 V2/2=F+ 2*°w? /2
L3 (3N RER L. BRETFTIUVASMRERICH S L X, RICBNE LS RRBEOEMLICEY, R
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3 a BEAHHROGED., FAEHNICET S slow, Alfvén, fast mode DERFAE (AN BIEIC)., K
DEALE rpwp THE. bEBBRIIELSBOERKRE. altlinsd &, BAMIBICEN > THNY,
ERE B TIEIMINT L, FETRIAMSTNSD.

W E— DREE Vo, ~ V2E ICHREE L TRAFEIC, BHELTRY - Y I, EFIVNFMREEIC
HHLEF. BRI OKEEEIREMNETHE ML TWS,

M A4FAREETANOBAMEBMERLEDDOTHS. 3 DOMHITAMMD SIEIC slow, Alfvén, fast mode Hi
RETHS. BHHIE., PO XIVBESOHEELZRML T, SEARERLTVWS. REOKEFLL. 2D
LELHEAMNNERNWIHENTHE2ZLA DML, ENLELORBOE oI FLE2EICHM o THE
e, BEOHDEZEDRVWZ LMD, MAFNAEHELZRF -TVWEZ2Ldb2d. B5EFRE@N DS
MOBERZEDIC, FFEICERELELDOTHD. BMAMOBEOENFEHNAETEEAEALE DL
Ro T FRFNDOMNS.

3.4. EATCOROIMITHIRSEN

WIS, BASTHEFTCOMDIRBBENVICOVWTERXS. (25) REMHEBEI r > royy THMCHNST
BRI 2L, BABOHEHAHADRHIZLEALARBPMCRZNR, LHLIEEZZ iR, X6i3#E
D#E R, EBEOBER (r,0) ThL.JEW r OBENRX S EDIC (logr, §) KOWTRLEDDTH
5. (ﬁﬁ'ﬁﬁiﬂiﬁiﬁ’é‘bi 0 O~1/rDESIKBELTEDT, w RIFEF—-ETHS. BARNT L. #ICH
Mo TIRUTAT DR, r KOV THBHWRERY 22D THE.)  MABIERK (0 - ) ICE
SHHEL<Ebhiwn,

BOZDOWBEHENE, RO KD EBFTRNCTHANRNLZZNTES. BERICEINE, rODRERLZA
Tk BOBRBENL gy DEIC LY 3DIXHTBNS. A (BAE) OFEK 0 < 0y < 6y, T B, IC&
SRBDEEHANHH L LMAMICHE, ZNANNARDEHTEZABNTWS. FHREEE 6ia < 0y < o, Tl
B, CEBRALEHINHYEN. FAOEHOHRIEBHTE S, MU GREMIET) OB 0, < 05 < 7/2
TlE. B, KEBBHAZTDHMN, WOADEME p(V - V)V EHVE-TWE. (BVHRANE. WOAPEKS
THIFS HhTW3.) A PREERTE 00/0r ZERTE, BINEHERXL 0/00, DB EELHEM
BHBERNCRETS. SMIOEETIE. 0~ 7/24 f(r)(0 — 7/2) DEDBREBH DR ERETES. Z
NS 3ODEKDELIEE 0y, & 0, CORTNE. 6y OL2ERICHOHELIWERIPEONS.
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B 4: REEHND 0<r<4rywp OEBLTOBEIM (EK) WM (K . 3>0OMIE. H3biCRS
NEIODDHABOAEEZRLTWS,

ZOEOROEREDFHRELLVYUTOID REREAIEONS. A 0y, 1 gy ~ (logr)~/2 <1 D&
SIEMLT B, M 0< 0y <0y, T BEE r EHICHEICP oY L. p~(logr) /O-D D E DI
BLTE. ZOBBEOHADEAN B, KEBEYFHREOHLHVAED. ZONHELDERIIANEK
HICUMMBEMLZ2VWDT, MARGEEALHERTH S, RO XIVBESOENIHN RADEICHATHE
RTEB. BRERD. p~(logr) /0D THEDOIKH LT B2 ~ (logr)"?0-D ENDTHS. ZOEHE
EOBEBARR TR REYF TSAVOBREBEEZLTBY., V- -VYREE. FVIRLRENEIZD
HEESHS. UL ZOERKOEOHATE B2 > B2 THEDT, B, OREMEANEETH 50
BLARW. A o, & m/2 1KLL 1/2 — g ~ (logr)™' < 1 DX DICELT 5. A IIHEEL 2 AU 4B
foa <O <m/2TWE. 0O ~r " DEDICEIT S, 22T, NEHEY v(0) F. HEHEE T
T, FRELL TRIFIZ0THE. TOWEWREIBOR 0~ r v THELWVWIZ LR, r DIFFWICKRE LfHE
KX LTy Gy =n/2 (FE)DIKELERVWT, § BIFEEDELWIZLTHS. 2FY, FLALT
NTOBWHHNEEHOFEICHET SND. BEE p~r 212 /logr DD ICHBEL EICHPT B, o
THREECOHETHEM LOBELI Y Fob/halhs.

ECHBLEROBLNIRS B#WE. B, OHIEICL2UROKRTHS. foT. YARIC O W
TH, EREREICTHEEHFHICRAONS., 2=0 (B, =0)DEEEF VT, HBLZENDE
ENBIONTHIRICRDZN, Z0BHEAD QA0DETIVEREREERD, B, AVX—A0D
R (22) 0D, BEEOKERE V., &

e =
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B 5 FHAEAD O0<r<50rawp PEWHICOWT, SEAROBIMERE VDD, BN KREE 2R
T BRI, ANFICR o = HE#ER OB (0, = 10°, 30°, 50°, 70°) O EICHEIMNTWS, E=EL.
EHINTWBEDE, HOEFESTHRADDLEINY, BEOBMA2EY., HMOEFSTEAIKHN->TLS
BHBoRTHE., MELY FHl2ELIBIBE. ELYESEVWEEITZEDHEIA TR, OB
HOBRICHIHMKMEHHELTH 5.

TEABNEZ DN S. B UMNERETHIHRICRD RS, (po?) EHEEROEICHRT E.(ZDF
fE1X 1 IRITD Weber-Davis EFIVTCEBHUTHS.) TWADETNTIE, WEBICEY pw? ~1/logr — 0
THE2ZLeHNbMY., o T
2

%f::E¥+92wi (37)
b, Z0 R = (po?)e/(pw?)a LWV O, BRETOZXINF-—HEDL. LpV? . B?/87 =
E+ 2?4 (1 - R): Z?@ZRICPDHNS. EOAEHGEOFL X, ERNVEVHIHAEGE L. B MU
JICEBTV—-FOWHEDOMTHSL., ZD2ODFFRDIIX 1 — R: R THS. Weber and Davis (1967)
DRBEETIVTE R~3/4 THEN, BADEMTE. EOHEEZELS THDICRETHR MY O
#E. BHALKCONEL TS, (ro o KN LT R-0TH5.)

4, FEHEEE

ZD@wIX T, 1RITD Weber-DavisET VD BRRIEEL UT. BEEEE2FO. EF#@IHOER
BERDDFEERLUE, BAOBICH - EZERMBIE. BEICHTIIRBFERN (AVX—-A0DR) IC&oT
Ezxuhd. ZDLE. slow mode & fast mode D 2 DDERENB NS, WAMORIE., BMEE2ETSH
HMDOHADHYENNRHEIND IDHIKTED LA RITHERS W, ZOHRGE. BEOWRNER « I
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6: EATOROA FNVEESERTED, r ICOWTHEEBRTH WERB M. WAIXEIC HEENICH D -
THITONTITL. r=10%4wp DHEEETIE. 6, <50° ICH o EHEAHED 0 <5° OHFEOHICHKALN
TWa,

52MBOREOFEANCEETS. ThE2EICF2ODOEREZENHETHS., D EeHO>INEER (oo
TOEHR) KBWTEALN., £ZT o DENMEESINS. DI —=DORMIE. o D 2BEWITITH 2254
BHAEOIKRE. AlfvéenEHICBWTEALND., o D2BEHH MBS MR RZEDICE, 22 TH
ERANVDEBEICEZRMENHBEINRITNE 2SRV, LEDERICH > EBEBRENES L. BN
ELIRILRINE, MOBEARWREE T, EMORTHIEILE MDA XIVBEHBICK S, HBHhOBHEHAD
REATHB. BFTCOROEHEWNIRLZBVND., BLALCITXRTOBOBIEEHOFHEICHITONSE Z
XMoo=, Thbb, HhidRQALNSE (TVA—-bIh3). ERTEERHOFEECHIFEHERT
HY., hOAXTNVBEGOE Y FHRICIVEEEDOAANHALZO SN EEROBEL 22 5.

4 DEE % Pneuman and Kopp (1971) DB D L HERTH S &, 5 OfFH Tld— R Alfvén FFERD
BRATWAVORKEREETHS. RAD (28) REKO XD BBICET 5.

v : VE(V2/VE —1
Via= —ZVQC‘ + Ve VQGV& 4 2 g ( p/z - 7 ! sz T dAmz’y. (38)
Vip (Va) Vi =VACs+ Vi, + Vi) + C5Vi,

WO REMETIE. (38)ROALESE n HHOEEMH a, KOWTHEL, 38)REKT Y VHBR L L
THOT (n+1) BEHDEEMR apyy EROTOE, ZOHETHE V, = Vi, OBBAE—AMET5. %
BB (1- V2/V2)Via DR 2DIHY BN Viayy, BELICHY. V)V Via, $HLICIHKER
ELTBENSTHE. BRATOENRENRL 25RO YIC, 35 ERIMAEEETRIPRICR 5 &
WORBEEBRLE. BOOFEERADHEL OBVAR, BICBEHIEDEZE T RON Y S DAREY £ &
TH 3. Okamoto(1975) MIEMLEESIC, TEBIBTOHRRNSEHOIRL DI, HOOERET
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F AV RREETORENRBERN T I2RED RVDOT, B—DOERABEERDPDZZ LI TERVIZT
TH5. BWODERAEMFIT ANV ETELDNMNCRZASDDN, REEDOR IMEHHEEDERY FICKEFET 2 W6
HENHEDT, EOHDRMHEBENIOHRBLEEDIC, WHMRBIELNEZLWDHBENDS. WTFHIC
LA, BEODHFEIF 240 TREX 2RV, 2E8RL, ZOGERIERZTHHRICASRVWISTHS.
BA DRSO EENAHESNDH S, H—IC, FEXADEE r, <r <rope KEWTHAERELE U
THEIMNTVWS, ZOFERICIEINHEEERDEEN., ZHhETHEEETIFICHEIEZ S0 &K
RE-oLEERBEFNDEIhB LRV, B, MIOBREEDN ry TEADNLTVWSEED, HA4D
FEEIHEHEER rqg <r <rp TOCauchy IHEREZMNTVWEEIICRAS. K<HALNLTVWE &
IS, ZTHIERABEY) R ERE (ill-posed problem) TH Y., BENRLEICARY S 5. PEHICH, RE
ENMAFTDOEIICKEZZ e TFHREING. HEWRK H2VWE (19)RD afa)] PEESNTVWD LHRETS.
BULEE rg <r <rp KBVWT, BBYAROHEABPPLEELEL T L. 2KDOBEIMROE ORI
mu. BEIRDLT . o TEAN 2RO AMESIDICHEASI VLD L TEOT. HHELIRET
5TH55. LAMALEROHETE., ZOL5 BB VIRVWESIN RN -E, RERDL. afa) TEER
BEESINTEES T, BAOMOBOEAICIG U TEDLIMLTHS. ERICEZZ2ZLiE. BERENE
MEhae, MEHM Y, MEEIWAS ., BEZTEMNTS. AERNOE (BHEIMHED) 3F
i EETHY., ERBOIERFWRT A — KNy 7 OEEAETFICRTEOTEHRVWEBZBAONS.
—%. BEBEB D5V a(a)] EEELT (25)REMZe 2Rl AL Z 5. HMCER A DFEERIIAEME
B ra <r<ry TREELRSE. #oT, BMAMICH-TOERML., BAMREET2WEZDHOH
YEVWLIEBICEIRIERS T, 2202 REICHELIEORZ LI TERV,
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X7 RlOEHENMELBRBEOHEE. ATVY DN E)R -V EFNVTREDEBRAELERBLEE D
RARBZEMNTEBZDT, FOEOREE2HI6HADEM>TETWVS.

BRIC. BADEFNVOMELRIGHAM L UT. #oEEE (BEHICH LEBHNMIWTWEE) Mo 0DE
BE2EZ2TAHLD. DEAABRKEBEBAICEBETIRVWOTHEN. XFUY K- FEI)R-I:-EFILOE
K3dLZrd, CALRBAED. FAOHMBE2EITIBMBLEATLIVWEVWDOZLTHE. HTE. £
DL THREICKH LT 10 HWEBREE2ERL. Wbywa INVY—-FDAH— b OFHEERLTWVS.
WHETERL., FHOEHEED BRI RBNVEISRKRITOETVELEL TS,

BADETINVERETHRORTY T, FYBRENRETIVERBETLIEDIC, horw, AU R
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