(R H W C-Gpis ¥




\(-3‘5)/1"/

282
C.2
 FE ARG R
: (EA4RHE) é
CISRPUN o
* ¥ B F
& I—%l;l'u *' 1#\ —\#
| L1974
;




nE &

FHHEPHNEREERRKGRELZRO—TIEH, #IRARFHER

C PEHRBIBRFTANEMNYEAR. AERRFHBHNFENE X RE,
EETHEBAMENYEAR, HFALEHEATHYRER, URSEEE
EROBFEE. 2 PAEEE, F-BEMAFHPNRRIREKAER
B R ZERREANAN FERGPNES FERFRBBRE N FEEIR
LB MUER, REHEEREH TR,

AETHMBEREYE, ABRN, SERKEUREXERNARA
BN ITHRESERYEANESS,

Hannes Alfvén and Carl-Gunne Filthammar
COSMICAL ELECTRODYNAMICS
(Fundamental Principles)

Oxford University Press, 1963

F H B X N R
(F X EHE R
G o BT %
B E 3
*

4 & % B 2K
HHEBBOIKRKRE 137 D
kaAiCH )R
FLELRETRET SHFLLERH
*

197448 S A — IR FA 1 850x 1168 1/32
1974 48 8 AE—XAIR ]k :7 9/16
HIZK : 0001—9,220 8 195,009
g—4$8 : 13031 - 237
AL HS : 388+ 13—3 .

Eff: 0.95 T

Net



bOE AR R

S R RRIBLAEE R4 A 2 — A E EIR A,
FHENTRYREEREX—AELRT P HEEEY, K
AR ZRGRE, FRERRLS. ABEEZ—IUR - F/R
IS ST I (R SR RS R T ) AT B R
9%, V£ e T AR T A, |

ABEAFHRHNE WFHSNTRYEE) WEAHR
. {EERAER SRRBNESHWA, FIH RS IRy
BUR R HER — A S, AR, I 518, B B TR
TFHEEL ., BREDFERRBEEU R SSTHA LS HE
MAURE M2, Eit, SRSNTHRUEEN—ARIFHA
U345 B A F5 R REE 6 e SRS T Ak i A VR A R DR
W, T ELEE 0 AR R, 0 RMGE RO R, M7 %R
B EATIRE, TSRS % 1 RS,

ABHBE TR BATHHFIRIIE ST 52 5 19,
HUBRRE . HXE REESAERLBY, BERITHES
% T RICHAR R A, W — JEECA,




# B FE

HERCFH BRIV E N ERFEANERXA L
TRBYPHAESIE. ZHAINESIERER FERYEEN
WRENIFNERRR, E=EETENERE (magnetosphere) |
fTERRZE, AR N FEH RS RPN E(FHERAERR
NABEEE R —KEEO PR,

EABE—IRAGEO+TEERE, HTURRIREANT
F— R R RAR, X —FRE TRERRE BB
ERIIERENFREFTFERE TE—F R, SEARHE
RS TEEIFEEMRBEERWERE I ZAR.

XS EEEEREREE IR R EE A THEES
BEABEETEAR, RIVE L RIR THEAR KRR, k258 —K
RAINERFEENAE. RIFEZDEBERS/LAAXNAHEN
&, ‘

REHRMZRERANERRNREE R XRRENES
Z—, RIEERALRRAMEZTHESEX. FUABRET
YMEGE, MARBEFEHSOR, AT HEMNELRENME
HTEEAGE, ELEN, EEN —EARKETHIES.

ME—IR—, KAPthRERMBE P - #F8 KB (Nicolai
Herlofson) ##Z/ET £ RIFWE BRI, ABR/LAL RSB RER
FHEFENKEAE LSRN A RORINRE, EEi1R
TR,

H. [/RZF C.-G. JE/RED
1962 ETHHHEE/RERRTRE¥MK

© 18 H. Alfvén, *On the origin of the solar system”, Clarendon Press,
Oxford (1954) HEE

o ii e




[ 12 S, N ] = ST T R P T T T P P PP PP PP PP P PP i
< = T P P i
BE—FE B -erererrerrnmintreneni ittt e e e s 1
I T T T 1
§1.2 ERHESETHEYREE reerorrererrrereemrrsraireennseniras e 3
§1.3 RRRIHLIG-orereereremreeeemiie e 9
1.3.1 AHEIYERERRBIEL L oereeeorrrrrrereermoneenon 9
1.3.2 WESEB A AIRRRIHELIG oovevrrrrrrrmrrerrnenunnnnnine. 12
§1.4 E\ﬁﬁl‘ﬂ%ﬁmﬁfu*ﬁ% .......................................... 15
BRI R v ovvvrreer et e e e 15
BN RN FERIGPRIIBRY coooverrerrreer 19
§ 2.1 G Eeereee et et eaee 19
§2.2 BN FEDBBIGHREGBR e 20
2.2.1 RERIET oveererreermernrriii e 20

2.2.2 FERIERTRENIMRSGFEIE 3 EHE
N, BIERHHL ceoerreevrmrerimn 22
2.2.3 SEFEDROBERD, BEETY e 25
§2.3 ZBAFREIG - ocrrerrererrrrrntiiiiiiiii e 28
2.3.1 REIHBEN TS ALHIEE BT ooeerevererrnrmminmiienininen, 238
2.3.2 WGBEBREGHRBSENEI e 30
2.3.3 WEHBEAEETRITY AN BIOHE e 31
2.3.4 JRABPHEE coocecerererireiiiniiiiiiiiiiii e 33
2.3.5 BEHBIBETIRIRRL --oovrrrrrrrrermeren. 35
2.3.6 BEEE cooeeeerrrererernveennienn e 36
PIERU IR 17 .3 - SN SRR 38
2.3.8 SRIRFINMI +vooevvrreerreenemsnvernenmermnnnneiineensineans 44
§2.4 WRRTEBRBE BOBH, FEBIE oo 45




2.4.1 BARISEIE «cevreetieiniiiii et saee 48

§2.5 WHNFEBRIBIGDIES, BRIREE oo 48
2.5.1 T RIEIERYBIIME croverrerererrrrremreeeesiinieneeeaanans 48
2.5.2 BN PR RIERIET e 50
2.5.3~2.5.5 Wk FEBRBSFEEENEE 54

§2.6 HIGHEBRFERGDNIBIIRIRIE oo 57
2.6.1 FREEREIBE] coovrerereerrrtetiriiroiiii. 58
2.6.2 ERHBEGIED] oorveverrerercriinnniiii, 60
2.6.3 FEBRESHTHRR FOBHRBRIER oeerereeeen 61

§2.7 ZEBLREIG R R F R v evereereemmrermeineniet e 64
2.7.1 BBETHIZIEASALHEIR reverrereereneenienrriniminniaien 64
2.7.2 BAIZRJAIEE eovererrecrerrereitiiiitiiiiiiiiiiiiiiiiiei e, 66
2.7.3 BIETTRR covrerreremrnmiiiiii e 67
2.7.4 m;ﬁ ............................................................... 67

§2.8 Em%ﬁbﬁﬁﬁ‘\l%ﬁ%ﬁ%ggﬁﬁg& ................................. 71

BEETLHR v evverrrerrer sttt e 73

§3.1 BB eereerrreranirieiitren e e sr e s aaaae s 77

REBEAR FIEERP e evevererrnrrrmr i e - 78

§3.2 BRI 78
3.2.1 RAFEGEHRBITETL cooeeerrrerrremremiinreninninnnenennnns 78
3.2.2 TJEZEWMIKRBITETL coveerrrerniii 79

§3.3 FEARFER oorererriiii s 80
3.3.1 REFT coeevemrremmrrnraiitiii e 81

§3.4 ROEFEREDIIZEB., BREL errererrmmrnrsann 82
3.4.1 EFFHEBHE oo 84
3.4.2 APRHEEEIE rorreriiiiiiic 86
3.4.3 RERIK T BIERETERIGIREY «oooerreerreerrnrrnonnnnens 87
344 REMUHK DB S e BRI —F TR T -ooerroeeeeeen 88

§3.5 RAIELEFARRIEBETLIBIIE - vreerrrererrersrrnermsssvnnneens 92
3.5.1 TIETHGEE reeereccecetirmiinntiiincn 94
3.5.2 ETFTHRBEFTRBIAIEID orerrrrreremrreremvernionen 95




§3.6 AREEHBFRERIRBIIETIBRIR coreerrrsrnaniin 96

§3.7 FEHIRERARTIZEBIRT o oreererrerrerrerreseriiiiniea 97
§3.8 WEFERPEOBTIETZE, BEH e 99
3.8.1 EAFBHIBEMTIAL oooeervrerrnn, 99
3.8.2 BEERTBIBER v 101
§3.9 RERENFEBEBEGHIE 107
§3.10 BEFIAR SIS I oeeeveremmmrrmereniiinuiee 112
BERER I B I RT - ovveeerrrrerovsserenmnrennsssiesirrnesees s s etmirecea e s 113
§3.11 FRHIGN SHEBIARIEEIBR +orrorererrerrerreseincan 113
3.11.1 HEGSIENKRAREE, LB 114
3.11.2 BRI B EPEE R covverrer ettt 115
§3.12 FEMEERTIZE oo 118
3.12.1 TAEFHBEIG - coreereerreerarrmeeein e 119
§3.13 REREKDFERERE v 122
3.13.1 {HEREIGAIRRERE o oeervrrrrrrrrrnii 124
3.13.2 RIEATHAIEERISEIN o 126
§3.14 FEHEFEHBIGAIPLE] -oovererernii 127
3.14.1 FIAKEER - ooevrerrmrerrreiiiiiiii i 128
3.14.2 HEEHBPL oo 129
3.14.3 ﬂﬁﬂx%%ﬁg@ ............................................. 131
3.14.4 B TARIRTI ceeereenrrertirmntintiiiniiiiiiiie 132
3.14.5 Hﬂ*%ﬁﬁ%‘lﬁﬁ%ﬁ%iﬁ(k ................................. 134
BRIFETLHR v ovvvrerrrr ettt ittt et e e 136
WU SRETIR o oooeerremrrrrnrrrme e 141
§4.1 G E et s e 141
§4.2 HERR--rerrerrmrnrmrereeniiiiiienieeri ittt e e eee e 143
4.2.1 FREBHEID croveererrmrriiiiiii 143
4.2.2 FE{RAZSHE ceovemeerrmmemmiieiiiiiii e 144
4.2.3 BRI —RBUERR ----ovvverrrerrrr 146
§4.3 BB TARPBIRERTEIR - eeoreerrrrrrenrerereinie e 151
4.3.1 FEHIBSEETRAIIHLYE rroerrrvrrreeorinemeemiiineniinnins 153
4.3.2 EETFRPIEECREE o oooeremrrerrnmmrnrnreieeeiinn 157
4.3.3 ﬁ@%mggﬁg%§%w¢m%m ..................... 162




4.3.4 WEGHOEERESETR, KRBT e 163

§4.4 XY&#‘%{ .................................................................. 165
- LR R T T N 167
®EE e o T P PN 169
§5.1 B, BETFRIIAT o orereerrrrrmiresierenieeeneesnareenns 169
5.1.1 EEEBEB TR, L 0 reereerrretreniiiiiiiinniennnenn. 169
5.1.2 PREFEEETER, 0 KA lorrrrererrorrenneienin. 170
5.1.3 [RBEEBITIR, lo < Arrreerrerrornionionii.. 170
5.1.4 FHYEEGPMEB TR v 175
5.1.5 BEEETERMRAOMER v 177
§5.2 RSB T IRIRIP ot 178
5.2.1 HEETERAOFBONBRTIEIMIIR oooreerrrriiinnn. 178
5.2.2 FEBEERETMEE IR orrrrrrerrrrrmmneenannen 179
5.2.3 FENLHTR covoererrerrriiiiiiiiiiiiiiiiniin e, 181
5.2.3.1 ZHATTHMARBIR ccoovemnimn 181
5.2.3.2 BIITHBERXNEEER oroerererreniinnn 184
5.2.3.3 HLBHAYBUE --orreerrererriiinii, 187

§5.3 BEEFEMBEBEER v 189
5.3.1 PHIEEEHRFAIERL oorverrrerrrrerimreiiiiinni. 191
5.3.2 ZEIHELER coovverrriiiieiiiiiiiiiii e 192
5.3.3 RFEHISHTHHREET BIGHBH - orrreree 194
§5.4 RETIEBAGURLE - ovrrveerererrererrrrmmemiiiiiiiie i eerncrienier e eeees 197
5.4.1 FIHERY coorviriiiiiieiiiiiiiiiie i 197
4.2 FORBE, [REEEBFR oo 199
§5.5 FETIARBGUERITERR - ocvoereererrmornmmreiniii., 200
5.1 JRHLBUIBLGR ooreveeermsenerimrenerearieeniiruieennneseseesens 201

5.2 BAEEBI. TAPREERER oroveeerrererernininniiniinnn 202

5.3 EEENEIGHRAIZIRELFE -oocoererrrreremrermnirainninn, 203
§5.6 REEZETIRHIAIY B oreorrerrrenmraniniiiiiiiiinn, 207
5.6.1 SEITTFREIGHIP B voroeorrmrerecvemimnioninneniniinineciis 207
5.6.2 BERRREEIHIY B orereerrreremrrnreriumrnmrinneemeneeneneenns 208
5.6.3 gxm})“ﬁ ......................................................... 209

5.6.4 DEEENREEFETERIABHAYIHS]



5.6.5 FEHBL -oreeeereerererren 210
§5.7 ST FARBIRBERPE ooeovererrmmrmi 211
5.7.2 P EREY. BEH BRI B TR e e rrneneesenenienneeni213
5.7.3 REAHHISZSHEIEBITIR ~ooorreeeerrersenessneninienni215
§5.8 RES B TIRIGIEHRIIIE - crorreererremmmremenn 216
5.8.2 THEEESELI TRIMMIR coooveerrrerrerrrrrnrine e 222
5.8.3 BTFHITRMITEERS «roorrvrerrermerneneoni 223
§5.9 APFERRL - ooereerererrmrmniee e s 224 -
5.9.2 SEBGAPAT cooverrererrerrerannienitiiiniiiiii s 227

o vif o




§i1 51 FH

S K, TEE IR, R B T AR, B
£ OB ARSI R B £ R AN E R S
B, MR A R R A R R BT R
5 MU 2 e B A TR R O, SRR, SR
FEHU R BB S P P A S R LR (). XSRS RIES
FRREELOLABBBASIERY, WA AN ET
BRI BN IR UL e FE P, A R RATER KR R .
IR ITRI IR S ILRER b A AE B S RIS 1 A IR 2
R RSN ) W, DS W BRI AR
BB T,

AR IR B AIRR R T R RS S R R
W, TGS LR AN, AM AT SRBILR, RITKZ A
“KFREH (BT, BEERS), AMEARGNEERD: &
AR ORERAR BRI S REEN, EEARRb o

ERENEL BRAWNRBHERRIETBERRE.
MRABRINBEEREILAR, HRV A X NYETED,
BHRLIANRE, RNAFHHBRZNREBZETLREZHRATR
BH2E. ARITEEXFH LR E R E R AR FH
RERE, BERABENIMNE, MIMERE S E BT E RN
MR KRR, ZHEIEEZ BRI B IMET R 2RI

o |




B, DB RERRE LT REE BRI PTIR R — BRI RN,
EARER. BLIEW, ZTHD, BRI, NAZFHEN
SN, WRBERIIN. LHEE,2UDFNEEFTL2RATRER
RONFEFHORARAZHOT A,

BB B A RIS, RITEBIE— O/
Fbk RS ET Y BEE AR,

EFHYEE PR RE RO, AMIESR—ERR, H
MHROEARSNFHBHOPEEE, ZEARBRUTR

AR, LIBE RN ERRENSARYTHRNBRER.

#— S TR R AR R, PR XEHRBLET
et B ENED. BRRIVLEREBHIRE, &5 X8
XA HEFH R 2 R BN R EAEEN, A BBy
BEERKAER. ‘
BREAKEFEYEE DY HFUXREE, IBEFRET #
YW AR SRR FEDOEREY. AXREET, Rl
PEEELE S, AT HEX— A, BERTERREARE
B R, b (RLEEREXNR,) MRS EE v B85, WRERT
RS ET AT A2 AT 00 B G R R 7 a6
PR TRAENER). EMEANKRE. »2EFRE, 7R
Bl R, 51 1B %

MBFETFR—REEN, TEREIEHRNENENGRE B,
WLERGERT, BTHAETF (Bffe = 248 X 107
AR

f.—<vxB,
¢



TEREINETBERERN 107 &k, T2

' fn/f =107,
X, RES R B, TERGNEERBSZELS NG
BE,

B—rm, RARTFRETZNAE, FAEFHER, EF%
WET, e R TR L R R BN, i, B R
—HREHERK B NBE FETARNEE R, BAREI— ST,
ERTRE= ERRBHANAE. (SN, Pln#EnAss
B EORNERNEEEN. BE ARG NEH T ER T
RO THISE, TXFARA R U e — MR B BRIy, &
FESET, BT REMSEN SE P =AR R, IR HIARERE
TR,

EREAT-FHNAFHYBFPROBHNERR, 5%
HHGARBARNERE, EAENRALZN R, RITTRTF
YRR T ER 2, RO ET R WRAT
16X MBI B S T B, RN SR RSB S
R+ %i# (B Dungey, 1958), X FHBA IHEE RAOVBME
NEAR, XFEPRNEREL =EF T LS YRERESK
(FETFROERN, BN FOREHIEE TEEN ARG
RGBS, PR TR, WX B R RO A B H T RRWA
NELE, NMFEATXSETANRE BN, 5E) RPN
w.

HEARS APHANERROTEFREEE X, XRTFTX—
IR R B S — &K & 3F (Alivén, 1954) FIBRE N X
(Alfvén, 1962 Alfvén F] Wilcox, 1962),

§1.2 FHPpEEDRED

T BRI — MR R T P RN, RATEER
BREGO SRR, HUUES%. SEUBRTHEA. Hi

e 3 o




FITTHESE o (IRRALHTF R, HAHR A (r, 6, @)(E 1.1), HAOGE
= (x/2) — 0, T RGN
B = —grady, ¢);

Heh
o=t adnl )
BHISEYN
B, = B,sin 2, (3)
== —i cos
B. . B,cos2, (4)
B, =0,
BIE K _
B=«/B§+B§+B@=%B,¢=%, (5)
Hra v
B, = 2— — (6)
¢ = /1 +Ssin21, (7)
B, REMBN“BE"SE, B A KEHRO,. BHBHEHS
r = r,cos’k,
, (8)
o =B,

O MG, ‘BESRHHUATHE

« 4 o




He r. BEDERFER (1 = 0) BRABFEANER. #H4

MUBERENXA« HTRSAH:
tance = 1 cot 4,
A
sing = cosd
cosa ___ 2 sin l.

wy R (Z—a).
AR RGBTSR

a a _ a
B=?¢=73(C°Sl) 6fi>=';372,

Hoh
A/1 + 3 sin® 4

cos® 2
EE%%*’%%\(’C: Ys z)q:‘:ﬁ

a
B, = 3xz -

B, = 3yz ij,
r

B,= (322 - rz) "1_5’

r

Hr

r?= x4 92 + 22,

9

(10)

(11)

(12)

(13)

(14)

(15)

(16)

E—REMNT, MR —ARY, REDRBETLRE
AL THC BB T BREN « = 8.1 X 10% B - BX, N N
IR R R 0.62 &, X—“duVER F s SHRER
RFBHARE A b4k 78.3° FH2 69.0°FIE 4 78.3° 4 £5111.0°




(Chapman ] Bartels, 1940, 645 }% 648 TQ).

A MR R BT DR B R TR, TS
6.5° . R& 161.8° FEBHT 342 AR, HHESHERTHA: M
££76.3° 5% 121.2° fik 45 80.1°,P64 82.7° (Chapman H1 Bartels,
1940,651~652 ). R, i ERBROBRFREITHORS
B ERI(N Singer, 1958, 239 T{).

R FAERTE R BORIT PT DA ML VF 548 18 r 5 U R (L
Chapman R Bartels, 1940, 639 TR). EEEAFHH(1838)RH,
BRI TR, T “HEh” Rik GXMpbahZEmiE LR/ DB
1%), IR AR R HH R R TRET = A0,

R B SN, B R A B Bk
B= —grad¢, (17
Herp ‘
b=RS (&) r,, (18)
T,= i (gncosmp + Ansinme) P, (6), (19)

EXERER SR, r, 0, ¢ WA 1.1 BI7R, R, BH IR THER,
P, RESB)LEER I (I Chapman F] Bartels, 1940, 609 TQ), &
WA o7 R AL RESRFHEER R, RHAMRNERES
REBMmTILEN, FrRlXE RS HEEN WM, F AW
it 1945 FERAIREIG (Vestine A, 1947; Hultqvist, 19582, b))
1955 S RAYRE (Finch A Leaton, 1957), P&, EEMAHARE
IEHEHINIREIORS HI A,

o EERRAEER PR RERGERRE, BilE
BB EEL R DRZEN EAARNEL, X
WA S ENMERTNEAROBLRGEBN 1%, BEEREN
Shig, I AL I REE R IG5,

HETE LR FE#RY. AENHBERFSRPAETE

. e § e




1% %2 7E (Radhakrishnan F1 Roberts 1960 Z£IXE), BB, EFEE&E
dts 41000 AR EEFARNE, RRALEFHY (Smith
F A, 1963),

SEERNSEC AR 2 SHNRSERENE: ARLAFERE
KT 107 BERaEE.

AFRRE B RAE A PR T AT (Hale, 1908), +EZ
J& > XM E A PR BRI (Hale 5 A, 1918), MR &2, BEE
MMEAR B AA KT, TEMBETTRRESKZNOME (I
H. W. Babcock il H. D. Babcock, 1955 FIIFIR). ARIRIIEER
hE =M. (DY, TERESSELUME; (O
BRI, YR MRAN, R T BR, BRS—EHH; )%
BRI, 7R R B, SRRSO EIER R (X 4000 &
O MR HRE-TNUEER, 4R R AREY
FERENES S 1 Bk, 7 1957 ELE, SR RET T
%, TRESAR S, B 1958 i, N EHEESET T (H. D.
Babcock, 1959), AMZABAMBMBERIERTD, N THRZLES
BN RBRAOBRBREBIREN (Alivén M Lehnert, 1956), HH
AEHEXE: FdAMHEEAARS RBRIRRIEEH T M2,
DB A BRI ATENRNE, mRNskis ERERTELE
ROERR(ID 5.5.3 45). XEBMAEIN: RTABRNEEE D E
L, BAR T REBAREEY,

AP PRBHI G R EEEIIE], (BinRAR A KR TR
Wik FFEIE (Alivén, 1943) KRR, KHBTFRXHBERE: &
FRIFAARPOZENXIBA, A EEH =21 X 10° §
i - B SRR, XNERBFEMS A BEDRIESE.

BEUY B RNSRERREEAHEYS RN, HRIHER
SRR IAERAEREL, BERTLE X, CMER#EZ BT
AU, FRRETTRERZERIP AR AR 28 X M= 1T




