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Abstract

Measurement in solar physics is one of successful field of astrophysics. Until now,
plenty of physical information and parameters of many layers in the Sun are known by
us. The measurement of solar magnetic field in HSOS has much effect on the field of
international solar physics. There is a series of interesting research based on vector
magnetogram, nonptentiality, helicity statistics, current, magnetic emergence and such.

Helicity belonging to the field of knot theory in geometry is a topological quantity.
Nowadays, it can be found in lots of fields including the linkage of orbits between the
earth and comets or asteroids, DNA molecule structure, the chain of polymer, the
topology of fluid, etc. The helicity study of magnetic field began very early, especially
in the field of nucleus fusion. Recently, helicity study in solar magnetic fields become
active, because of great progress of observations and data processing. However, on the
other hand, theorists haven’t had much success in this field. On the basis of
observations of magnetic field in HSOS, some excellent preceding studies, such as the
hemispheric chirality of current helicity (Bao and Zhang!**!), computing force free
factor of ARs (Wang and Abramenko!**)), tilt angle statistics of ARs (Tian etc.!*”), etc.,
also including several foreign scholar’s research about helicity, were summed up and
surveyed with the help of topological idea—helicity. By combining some normal solar
activities (arch filament system, CMEs, flares, magnetic clouds) in this thesis, we
reexamined and connected these phenomena together with the helicity of magnetic
field.

Generally speaking, as we get nothing in this thesis unlike others that are really creative
or a breakthrough in theory, the same is true in this field. If I must list something which
might have a little fresh meaning, I should say the following three items perhaps can
bring some new ideas to us.

1. We have discussed several problems and errors existed in helicity when we
calculate it on photosphere, which are already noticed by a few persons. As an example,
a part of emergent helicity is neglected by the calculating process which involves the
LCT method, and the circumstances become much worse after the noise of
measurement superimposes upon it. Hence, it is worthwhile to investigate in future
what are really effective results and how to process our available data.

2. In this thesis, we briefly talk about how the Coriolis force could affect the
expansion of magnetic flux tube. An equation has been given to illustrate the Coriolis
force might couple the expansive motion of flux tube and that could make a local
change to its helicity of a flux tube, owing to the pressure difference increasing between
the tube interior and exterior during its rise. Nonetheless, we have not use the numerical
methods to evaluate the long time integral effect of the Coriolis force. This job might be
left to be finished in future.

3. Putting forward four dimensionless parameters, we make a comparison among
three physical quantities (current helicity, magnetic helicity, and magnetic energy) to
strengthen our comprehension about helicity and energy. In fact, we try to establish
some relationship among them founded on geometric significance. The geometric
method maybe helps us to understand the evolution of solar magnetic field deeply.

Keywords: solar activity, magnetic field, magnetic helicity, magnetic
topology
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HL S I B AR A WA 5k B — DN B, W SRS AR AT — AN J7 T 4R 2%
HRIMB GG, BRASHEBIN . IWIFETZRL, WIARRHESZE
FHE ER AR A, RN & T IR A AR BRI 7 A
SN A R R G AT D (130 7. FA AT USE SN B B i 3l X
[R5 A BT AL A AT AR I e B CanBRasm#o) AIge & 2 AE AR . Bk
AT FCRRPE Ho % 55 FLIR 2 18] ¥ 55 £ /& Severny and Bumbal'®’fl Moreton and
Severny! "l MATHFE T 30 MEBE, KILH A KL 80%K) Ha WIUAE S 5 M A
BN E . BEE GBR S0 U A Wrsodk, AT B4R 2 5 TR R B K
AR B S LR TR B TGRS R R

FERSECHANTE AWM R, Li U SUR T KRB 9K ST & PR S W00 3 ) e et
TP R B, R ZOESIX (NOAA AR 689)/E T HEART ST, 1 O
HIE S BB 118 B RN DS 20 B I S B R AT 7 A (A ER R 7T M
MR F B R (1) %03 X ) AL & IR IR AR DX 38 1 25 T 1
Pt X33 (20 78 SR BY ) it 4 W (A7 A8 25 — 568 AH SR M R AH PR AR T ) B v FL IR
ARG WETYIRE B T A S MR RSN IRE, (H RNETBRIEAS
SRETVIX I — 3 (3) AR/ —LeR R s i X, BB VMR s E 3 A DT K
Ay (4 WidmiEAl (NFTE], B0AD . RBFaa sl DUOREBE I A2 -5 9N n) F A 6 B
IS X EPEE B H AR, HAS S RRE A S, a5 R BN AL
DI OG0 AT B IR M PR I A 48 1) F SRR 1 2SN TR SR W TG Bl (M 3l 7
REUE, JRRRH: OKBHRMERE AR LK H KNS AR ERA R, (1) FIEY), RIH
MR I AR E Y], (2) By, RIS sl A rfey). XA
K= S EORBEREIR I 4 .

ARV BT B, BESHESERENAEAE, et
AW FEWATREIRE, —NMROGERKREMRSmIE3, 7 — "~ MKBH A ERHTHY

T, =l



Hh L 2 e - 18 ST 17

LRI HOCER T (25 5o 5 — R ml AE M BE K —28, 50 Wang 25" FIHR SO
R EY I EERRN M SRR CRE, &SR E 1T BER BB
17 IR 4 7 HE VAL B G 3t (magnetic loop) 5 CLEAFAE 1 TC J1IRZS BIREHE 2 18] I A H
EH . K& SiESIX FEHER AR RC R, AR RN S B 285 i1
Resm S B UIAHOC, KT BB S SR R AR BB — I A .

ST ENXEHBRENS 5 SEERFSEN

K EAR Z AR G A EAEAE L BR P AT AR FR I botn, P ar 4 i
#7771 (Richardson®®) . J52h X MR FE I A« TREMG & MEIT . HERM S
B S TR Wos R AL BRIV A AR 1, FF HANHOR T K FH TS 30 8 1
254k (Bao , Sakurai and Suematsu!*'!).

Pevtsov, Canfield and Metcalf*?' 5 Bao A1 Zhang™ /3 i 1 W HE 5 0 e 37 42 5
KRG 1T, Pevtsov, Canfield and Metcalf 2 B8 B 281 T5 7375 W 21 (1
BT S, W —MEI XK E— DA oo BONRAELIE T IR E T,
Ft LA [R5 3 X A A o 2806046 B 1) o0 A A — € R ERiARER 17 ORBH
W R K7 FLR BB RS I ER 42 F . Pevtsov, Canfield and Metcalf?2ff) 45 B 7R db2BER
HERRTE 76% N, HiFER 69% NIEPH, 1 Bao 1 Zhang Je IG5l X A AME & A5 1)
LR 2 P 2 AANHEL SR AN, AR NZ X IH— AL E 2, AR5 K HZiE 3l X ) L i
[ERTE z BTN A — WS E p,, RNSEAELNMTIIHEE TR
MRS . (HS 42 E: Pevtsov, Canfield and Metcalf*?/F1 Bao #1 Zhang!®*! {1 HJf
FORB RN T KBRS X AR O BRALH 40 A, T Bao A1 Zhang™ iy 7 ek AE
Agiit (422 MESHXD TAEE 2-3, B —ASRE—MESIXO) S5
T BOTEAE O B S (I ER AR AR T 84% N0, Bk 81% N IEL,

Wang 1 Abramenko™*h 8 Bff 703 ¥ L IX (IR 4 56, Al FE DU R AS TR (6 )7
%, BRI BESFIE. T A ETE. EMEEITTE TIEIIX o
I ER ZNE S X P o JEPIRN TR Mg i R St T6 713
HhEIE 5 U S AT LA A, DA EY 5 S hRdg i . Wang I
Abramenko X —AMFIE SN X NOAA 7321 1E T 4347 J5 13 H b i il 125 i o
mEEIGC, HREZEMER AR, EKRC R T A XA —FE; 7R E I
(1 3d W, ZIEBSIX T o AN, o EEARRFTE 610 m ™ K L. Tian )
XV B X BT A (I SRR AR B o 15 AR TE TR SR A ) RSP 1) R FE (CFAT 70 2 5 3))
XSPINHATHE AR, PIAER 60% AR BT 2 XA 5~ 35 FEL A8 R A 5 A
K A =00 2 — BB BE B X P a2 [R5 B (A TRR 2 o B < s i AR 1 e e
EENX); EIXASKBETESNEGE 22 BDHHE, 62 ™M LA LRy X STEEEE 4, 40K
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Helicgraphie Latitude of ARs

oy HR R I WG B 4 By (), X BORE G B X 220 SISO AR,
Pevtsov, Canfield and Metcalf*), Bao Al Zhang!®!. Wang 1 Abramenko®”. Tian
SE2)| Leka SRS T — AN NAE— B0 : RETRE 7R LIF 2 AT A 25 SR .
Leka ZPSVNDUA G0 A&, EATIEE). R, MUK AR S HGEE R Ko Rk
e B X RS HEER SR, IS IRRI: ATFEREERR TN
WM RKE VI, W2 A —E BRI ik, IR E h Rt A
T ZMCERIR TR BERE IO ER AT R A n) . R A
FHHAGEE: WOESEFIANDCER R IR AE R — N fE . 7 R IRIX e
FWTAEF, Tian ZEP R IRIE S L FEA I 1) R IE /S E AL . A AT TR 7T B,
TG B2 LT IR T BEIE 1T e HA B —RRAEFE A2 30°) 5 2.t 2R s SR ek —
A ML GE Tt b vEAE B E TR, A, BRI E R BH & AL 7T,
DA NATTRE R BH i5 Bh BRAR

RE, MRS, H AT L AR BE 58 4 1 FRIRIR T S5 RERE W AH |
KFR o KIESNEA AR P RAR I AT 18, 1 R R AR — AP lEE. H
s&, HETHAT—SR, ARINAENTZEASER EWZEm. —J7im, BRE
A LASE e WG PR A A B B4R . 53— TJ7 1, WU I AR AE B W A D) 1a) AN
ZEMER I P BL, A AT DU R PR T A R (R ) 25 S R 3 22 4 HA MR
&, BDRIRIRRE . FRIRMRE AR SR R BRI R IME . 2% o TS
BT, HEERMIEE RAHZEFE o B°F . AT, PERRR 2%V,
BB WS =5

E o ﬁ & M x '] M
al W e : o~ 2
e = -
g s Sta an Rt = E I
R A Lot
AT =
T . £
= - E L
' T g 4 =2
] % R T z I
= Ty O i _E F
& LMl s T
! : .7, T =4 ap k1
=1 o i
2 -0 i
= 4 =5 i L i ¥ L
—-g -80 —-40 -20 4] 20 40 [:{1] ;1] =3 1 13 15 17 19
Imbelance p, (%) Movarnbar, 1991

El 2-3 FLIAEIE B () 28 A1) Kl 2-4 FERRPEBHL o SRR EH P
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BT #HBSEENRXEBIGEAFMLKERZ L SE

FRATT MO CER LI EI (1) Rl 379 3 7= A WL I8 K B A 38 1 R FB LR o KRR
X 46, — B N TRRIX, B THE 1298, e IH—1 %
SRR AT IS /7. Choudhuri and Gilman® 5 2648 H: W TR FRIBEEIR, 4
Te e (I AR SRR, 38 B ORI AT T e d iy i) -, ROt i R AR K
XA BRI EMT, W IR X MR (2, Wi s,
WETF AR @ E AT E R W) 27, BRI S ERA . M 1IXFhE
EHIEARIERMEN, (HEEERIERG, REARK—ADGERE: REER.
AL JE 1 1E R G VR I 4 B LR BH B

al —ipe. Diraction

Alternative flux tube | of angular
‘L trajeciories, determined 2 L= momantum
[ by strength of rotation, 3 B il
- magnelic fleld, g 3™
| ~ turbulent drag ] S,
‘ il ' g \ RN
! - 1 . i ™
| - _—-ﬁ. ¥ p\\
i 1 e 3 \"._'
| 1 Fmiplate t0y T = -R 5
i i \ LA
' gFu L L l‘:'; "
{/ ) Sona  \\ae ® \\
Source g, rotatio X\ \
Toroidal - . i‘/I Vo -‘-‘.IT'_ ":1'_-.: ale \ l\"._ " 1%
Field 1 b el i uie i
—— Equaior Equator

K 2-5 RBH A EBRERLE L L FE R A = F K 2-6 KBAXHAIX . tachocline JZ 5]
(BEF 1+ FTR A IRFEH)(Gilman PFig.2) ATEERI M IRAS o (Gilman®™ Fig.3)

W 2-7,€ BTt B 2 K BA B AREEE 3 2 18] AR 5 e i 8 1 DL JEE R
Wi o JEIL AT EL A AR R, FRATTIR R 5 BIARGHE 2 AR IR 5 s s 1 1
FHRCR A e F S (e e b Ok (@ ) 7 TR R B8iE _E TR Fiz 3l o iX Rz st
N R s AR, A KRS SR A T BCRIR B 1% -© 28 o3ty kL 7
MIfER. RIERE, @ Mgt — Bz k. N iid e MR E 7 HHOLER
Ja, FEIBEEEAE RN AR, ARBE 2R X AN R0 BERUE I KIS S R
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K 2-7 KBH B M S o fnEm il R0 R IR E KR &
HBATIEEN TR

dv _ B’
— = —V(=—+DP) - 2p00xV
P (zlLt ) — 2p

HH K BH AR © = o Z FIBGIRVE R PEBER V = v T + v o 13 3
AR

20XV

=20 2x(V,T+V,3)

=20V, I — 20V

&1 2-7 22 B i by — A O PR AR ARG E R BT ORBRIEN I DOREAE AT, T o0
HRAECERI N IZE), SIAERIRE 1. T8 712 S ey 25

dv d B’
L= ——(—+P) + po
<p dt dr(Zu )+ pov,
dv(p
P T T e
[ & d -1d B>
+40° )V =—[——(—+P
(dtz WV, d[pdr(2 )]
J
2 20 d B’
(F+4(,02)V(p =———(—+P)
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T T R R SRR TR, AR SR AR . HesE, X AR A R4
) 51 e B B AR A IR R A R R P FE 45 18 R N E — EU i (Landau and Lifshitz
281, B A R B R A, RS ORI KB, BRI S
KA. MITFETT LA . SR 2 BT SR 1 S A A B 5 1 R K 58 3 1 S A 48
SAEFD, FF ELI R X BERAS (K 1 IR A ) B A7 E 7 S BRF ) P A £ 15
UM T DU F S 1, HE FZE TR i A R R . MBI H 25
TETE 786 BE IOV F R GRS B I, T 2 MBS K 1 5 ke e e 25 P i
Fieh, B S TE L KRR b AT T 3 — 30 4 IO MR B 1 B RV A
TUE B RMBEE R AF ) . A J5 7RI 10 B sl VP AR A5 00— 25 1A B2 el B

FRE T, BAHERLR S IEEAT T RS KM WAL, R R
A E B W ACE S . SRR RS bR S DURIBF e %, bk NS 7
TR AAS A . 5140, Chou and Fisher® W 4T T W &8 70 P X S A 2 ok« I
REFSH. LREESNR. ETHREEE, WA BRI KE
21, AT NS FrFEEEE T VAT AN AE B3 R T B

dv, B (Pi=p)g  CoPe[ValVa _ V0 (5
L) + L < -t _p. = (7D
<(pe P4 = 4R l+oy/ox?T”  Jaa 'R
A B DR LR AY D
dt ds [1+(8y/ox ] R

.

T AT RE AL R RS AT, R RIS IRE T [ AR IE s e B
ANTTREATLWY I ARG T+ W0 EANRAATEI . a0 T) B AR
A= ARSI NIRRT, WK . sekb, TR R4S By
WHITEAR, BT25E 7 iRE NI B RE AR [ 5%k A R AR R IZ 30 2 18]
AREIER, A2rAERX—T. £ ENMEFAEE T, 4aME. fRRETIE
J5 7%, Chou and Fisher ™ @i i 4 2 8fk, FIBUA MR I E T S HIREn
FERFR DX R AR AL T FaE A sl B3 10— e B B UEYE . AT S5 R BERIR 5
S IAL DX I 2 5 3 (L A O R 36 B 2R AT A L6 FRIME I (Parker™),

Moreno-Insertis®®'!).,

R AR R BHOGHIRE DX R BRI AT 2 AT AR 75 2 T A — ANl 8, S A 1o 8 £
WARAAFRFAEE, B BRI Z4, 75 NS TR R R AEA S —A
RE B 8. M58 Chou A1 Fisher® {753k, BITIEHILE Q4 K0E KRR X
SR I =R E S NI R, S Eh . BUEM R TE R E &
it BN X Rl (0 e e, XA R I R 5 — I T AE,
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E=FXREF IR

E—TIREHR EE R H

KPS NAS R ERRGES, K LR — B s TG shn.
TR S TIRZ D REREEES, OB 26k, EATRI R L i
s RBAIRSEAL . 8K v 2 B BRI R, . KR 7 HEAM
WEPE, EEIE TR RN S EIFHAA S AN . KREsE—
ANEE B R AR AR RS R s A R I AR R s s AZ U kS . LA,
KBRS W FER B A M S 0 — 2% 4. N 1 B iy 18 R L e F 72 K PR 32 7
B — R EEROHT I 5, e UART IR A0 A <33R R B R 37 35 51 1 — e LR AN
JEE. KYIE R R B E . OB, B, B, B
T ARSAEE. DAL RGBT . IR MRS B B el R AR AT ST MT AT E 2
IBATHIE S ERPUE IR E FDEI . SIN T RATRE SR . JRRIE RS K
HME S5 BE RV 2 Uk, it 7T DNA 70 7 8ER0UR e 451, BT 7eR &8, Lo
Lk Fetit I i = ok

1.1 BEA—KREX

=Y TR B MR 8 ST IR B AR — A = 4R RN B 1R B
5 H e R BCR AR AR A ) N AR AR o MRS S B R ) — N R P
RIERIDATEFE . AR AR T Gn] LUE SCAS R RTMR B8 R o i MR s
WE ov-Q, HRREERH-T, KRS AB o KIS 7 ] P 23 AR
oy JE A 2R L R, BN

H:IX}§XX$X

(1)

2
H:Zi:TiFi +2iz<j:LijFiFj o
H:IA-Bd3 X 3)

¥ bR =5, OFOVRE B E X XMER—NREY: @3N
IE B 3008 SCHAIRRE , F Ros ki i I REE i, L Ros AN 22 18] R LA ik
BH, T R KA EEE P HE twist A writhe B2 A, LA T ds A WL
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il E5E S0, AT AR R SE 0 TR A B MR RE, (H E R T AR O BB,
AT I FH RS (M & e P R B RS IR s (B) IO A ST IR 1) G 03 5 5
S B RN KB, A NN KBS, ASCRR AT A #RR A4 B L 04 2 18 B
WwokE. EULHIRRE: RS, BRI ZE s AER S B N4 H
JURTRE 3G, P B i = 30 R X P 5 2R G Bl 22 [R] L

1.2 SEERJLENX
SINIE &% (flux tube) FIMEE LG , — R UE, B85 AT 2R 08 1 ik BT (1) H VixX
WA IR T LR A AN BT . T T ARG BE A5 15 B .

¢l
©C2 ey ¢
<p2
<5
Kl 3-1 EiRE Kl 3-2 filir

— A__‘ 3 — cee
Im_ijA Bd’x (m=1,2,3, )

Vi R8I 22 TEBR/INERTHT 1 DA PRI IAL LR A B — AN 23 TR AR 4038, A1
W 2 nT LUX R R 4), 7EIX S NGB B 2 AMK 2 [ B Bi3a (O824
Ai)o

W RPN A/ NEEE C M C, (ERD, BfIERES 5N 0. ©,,
(77 a5 3k B, EA 1 R AR S s 2 A TR R (EFRRE RS, B 3-2),
BARIEIXFPIE N N A A A Va Ml Veo BIER/NRERE, KBRS Fr
BdV(=BdSdx=0.dx)# /& @dx #5075 W C MERE #Zk LIRS T . ¥ @
P 515

1, =®1<]5C1A-dx -0, [B-dS=,@,
Sy
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[ 3 -

g:@ng«Rjn®2

M—NEGA — NG N IR, RN ANRFRREREEE 5, FEAER
IrE, AR HIXE C il C, (A ER A I T XA

1,=I,=+ N ®,
TGS AR E47 7 10 A T T 5

AN HEA 1 6 20 0 L FURBE S R S BRI, W, AT
R Cknot) M1, (HAMIRIE AR AIE 3-3, 3-4 FORIIHAR (B,

@ (P

K 3-3 1E knot BYIiE R n = K 3-4 171 knot B & 4 RS =

FITBL, MR U, AR AT H P 5 A R ) 28 S S U REFH 3 iR 5 30 B AR
SGRRERERE, RRRE. WEAMTCIEYE CRBIE W RRAAE LR+ 4,
RGN AT DU B BT AT SRR . S S IATRI () IR E RN W]
H e 2 2N -

N(C,, C,) = (4m) ' $ P, - (dF xdE)
Cl CZ
PREE R EIIRENE . LRI IR E SR N S — P A, IR
HUFRR AT AT LU AR AR B FE — D7 TR B LT M B AT B, BB CF
SN (B)), B BRI L T T AR . R SCRIF R R 1 2 B AE )
HOSFE PP A, B A ZREA .
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1.3 HREAEKFAYEEFREX

AR 30 o EAR AR BA R, HEARBE i R AL Rt 2 e R G0 T 3RS
Ik . Wz fe S DIRGRE i . g5 05 sORMAE . RO 4, BTBL, WEST
o e G SRR R M E T BT T AN - Elsasser! ZERGIR IR 702 h 5
BET RGP (R, SRR R B P A AR B AA R SR . Woltier A H T
—AEHEL: AN e T RIS B T R HAER R ST LRI I B IR RE RS v R ME R
7158

jA-BdeKO; ai:?x(\‘/x]é); a—szB
i ot ot
QjA BdV:jA- B 4y jﬁ—A Bdv
oty oot i ot
=| -V [Axa—A]+2a—A ‘VxAdV
0 ot ot
:I26—A VxAdV
v, ot
% R AP W = [ B/(2uwdV
Vo
=7
2u6W=sz.ésB—a(sA.1§+A-6B)dV
Vo

= [V (-2Bx8A +aAx3A)dV+2[ (VxB-aB) - 8AdV
Vo Vo

SW =0 forall 8A < VxB=auaB

HHAR 3 P R G AR TR R R ST E, W iR RE S 2 AT 13 . FTLL,
YERN— N RFNAHR (BB U2 JUAT 23R RENR B s R = R T, R AR Re i 21
w/NEEALIE, & F ot J137, BRI 26145 13, 5 4MH Schwarz-Poincare A %53 1] LA
SE A H G B X R g0 Re = BRI EAE



Hh L 2 e - 18 ST 26

NTEBRERE, A

H? (E) = <E.>> A>2 < <Eaa><AaA>a ( A= CUl’l_lE > E(E) = <E>E> )
KEY A FEREUE M 1A G ek s A, W

(AR = (AAV<C| EEAV=CEE)

-1 _
HE@E) > = [HE)

CR—AEMEE, Yo TR M MIRAUZ (Amold™), C AA—&dEi
RS I R o € MR R 5 B B At A3 3 FRAT T 75 I 4 18

FJ DB A 5 o i) 2 Gt R PO B A1 PR 37 KBRS F o Berger i) T
PErp 3 AN RER R AR AL B RGBT . ORI % g AR AL g PR 1) 5 &R X

[AH| < 87\[T(E2~E2) At

2 =T
> ® s
1 Bk
[0
xH
=
Hm=0 (Fo 4B
0 B )

K 3-5 WHRZ SRef R R IE

bR ARG R GRS . AR B RS 50
IR RUR I VIR ZI e & AL R] . QU] RGEHR L A 260 AR fL i
2R T RGUEAHT R OB TORE B /MK R IR . RIS, IR AR RGHIIR
FEMOR, RGBT A HRERZ , SRR R E VIR HARE L& .
K 3-5 U IR Rt Re 5 R AN ELOC &R . R R BEAR EEIE NI, R GiH
r RERL A R ARAERL BEZ Ty, WIANRERL R REE 2 ZE——H HIRE,  JFBCH R 9 g
BRGNS 5 e IR S A MR RNERVERF SR RGN, B
LB RGNIMREE ] IR, RGN RARBE LR PR RIS I, IXRRAE T 2
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FGAE P PR I 261 B RGER AT LA T 2 (10 H RSB . XA IRR 3 T R
WL F o Bao SRR B, T 5h X L IRNE FE 40 Af R PRt T 2 3 ARk, R TT
BEAR A RERE, (EREBTA B R R WA H A B, Wang 25U I MBI Bh
RetE nl BEk B H IR IR . #5747 FU I HE (magnetic loop), 5 C&AfFEM TSR
B2 M EAE M . [FRE, Kusano ZEP R BUE NI 7t 45 Bt BoR, KA
TRDE ) & A 5 AN A AF 5 O RERR FEVE N [F] — XA o0 MEBRE I i AR o TR I A%
JZ(helicity inversion layer), TMIX/N &A% 2 A (I HERE FE A5 -5 A7) Ml k32 77 ) # /2 A
SRR o

Woltjer™ 2 2, 111 B IE B B sH s 1t B 37 AL A7 AT SR B ) SR 25, GRS
15— 58 5 A R AT A — AN P18 B R L R EE BE A AT N - Taylor™ i REAE <7 1E 48
7~ I RFP (reversed-field-pinch) SEEGH [ — LS BG4 JoT, A0 B2 ORI 9 gk —
B I, TaylofPUEI, X bl T W 5 S B T4k, TERE R BRI B Py,
MR FE <FIE . TaylorMB i B RGAESE, E/3E) T ZHHAAT . BUE, RICHEKK
I 28 ) 5 3% Sl I R A A A AR B ST R R H & B (CMED)
KFHR, EATHRRH N & 4ie EoR I REER FE MORBHAMNZE R SAW T E. 0L,
WER FEE A DK BH RSP ) 3 T 8, 2 R P S s A v 7 — A B ST 9T R

BT HARE NIRRT

2.1 HEEIEARRR

TR T — e L)l K sn R 3 Ao FITEA AR B R A E G
e, By A A BEE N P B R B AR R A AR . 8 @) R TR A AR
(A+VO — VH = 0) W E R G LERIN T4 F 8 & BERR THN(F6 ) BTG FR Az 1) 42
AN (WSl I A & R 1o BRI, FESEBRIRBH R, — s SR FE e
S A R ER I . R SR R SRS B, 385 € AL b
BRI EERI 2 B H B — R REE LT E, BT SEhrn ). T2,
RO G TR AT I & P2 > B0 A B8 RORT R B2 5 SUREAT T 1828 1984 4F,
Berger 1 Georgel' F 51 AZ 417 3-6)38 7> Hifif vk 1 12 FL 46 A 1) R (B3 Ui 2 e
T AL AR, MR — e R e T LR ME . 5l AN MEESE
W5 RN IX g JaBkim PA B X i R o An, (Hotekil
T PN eI V) 1) 3 B BRAR, SR ZRAEAE T LI 70 AT D o SR IR 5 2
1) HIMERE S 2 Z2FE IV ANAL 5, ME— PR320 F7 25 At S BT P (0 P 32 vk ) i 8



Hh L 2 e - 18 ST 28

Interior
True Field Reference Field
&) 36 AR REEEE i S 2 0]
HR = H(P’a ’Bb) - H(Pa >]§b) “@
B, -i|s=B, -fi|s 5)

LM AKF, AR a BoREERZ ERIZSE], b RARJEERCLR KFH
A, MAPr R BRARSHNEE, P, RN E— N AIRENZSHEY; .

Berger Fil George!"HIE W] 4 B 5237 5 S % /8 e BRZ 2 T b 25 18] (37 h
— B, b 7 A7 BAA (AL T AT AN S M A R BE B . 249K, ATRRR BE T
JURTE SR, HERR AR I ) 2 i i J LA R4 ot . DRI, AR AN 3 AR
Z BN EA TR 2 5 g, Wl e TG A7 72 22 S 10 72 T8 XS0 ) 3

(A

2.2 SHRANNE

Berger A1 George!""'7E Fll 2 2% 17 1) F M= R W 02 155 AR 0 (03 55 4% e I J [
TR T — > B Wy B SR RTULI &, AT g B M8 2 DK BH ATk ) SEZ o ] 5 T
YEFTIF TR Rt . PIAM@)RS b BRI, K b F 8373k 37 5 Xt i a]
K2

d i Lov, & o
—H. (V) =2cp(A xE — ——2A )-ndS
—HR (V) gf( i A, .

- 2cJ. nJ-B,d’x
Va

O)F 1) Ay KnFHIZ Pt MR EH(ERIIE ), w, ATHELREF SR
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— MR F I bR R R

() ATIL S IR a 22 18] A BESR P FIRE. BRI AT 28 S 1O R R BE AR 1K
A B a8 (B0 b R EE %, a 26 PS5 IR AR, A
RITHIAAE a 2 FEHO. 5—IUER a (AN RIREEE, Exmk T
HRMZ2E g AR 2 e AT i B . fEBAERENL T (n -0, BRI
AR >T1, SERRRRR BN AR FEROIUN &, NI F R R
SERRN G, G BUIAN TR AFEHIIAR X LR R B I (8] 35 A a8 3K

dH

(d—tR)ideal = - 2¢(A-V)f3-ﬁds + 2¢(A-B)v-ﬁds 7
S S

s=0 @®)

EAWA AR v RoRE I =4EiE3), f K77 Ry HERTAR . SRS
P sLSCRRAR B WS L AP BR L R R A W R
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B 3-11 € b T A FE v 3

el 3-11, BEEMA I, RIEERR Vi AR JEoTHR(C BITak 14 i i
FRFAERIAR, FEAL Co Rl AT J2 57 3 1R X35, Ao pH T 9k % 55 Tl R i 7 170 °F4T)
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(BT FLIAUXT Va PR (10 5 1 D 4 gt
3-10 B 1 EORIA G LA TR /INE, - 28 2D 3d N a2 — 5 WS A
Bt 1 3-10 A7 Bl 22 20 3d N 12 SR Al 170 437 PR 70 AT A2 -

B(r,) ~ ké_ar‘g_@*ﬁ)(a,ﬁ > 0, A 1s the length of C, axial line.)

H RS Co h 07 17 IR T & OIS ER - e X TR IR R 48, JR I ]
DA% 1.2 TFSEREMR R I B D7 i 0 e e TR BRI, oo Jm AR AR 8 P A A ik
BHORA. 2K, WA PG IR 2 IR 1 G 2 FH A 52 2 10 7 2 a5

PRlt, FRRZRIATT X, FATE RS HIREE . WERe. AR A 1
FGORAR 5 SRS R (BT S5 R AR 4 i 5 ik B HAR ) . 944,
TR R PRI FH A 7T BEAFAE e I T A 28— S e PRSRAT AT BERE A ROLIN, &
IR EEP e — BUSE  [7] ) -

H, =2 NOod;  E=2) NOI; H =2p) NII
i,j=1 i,j=1 i,j=1

i<j i<j i<j

(© NFFF M BESHTRIARRE ) “243K”  (Cantarella ™).
5E SR RPEAR ST (FEARIE )

BS(V) = (4m)' [V(X) x (Fr)d’x’
Q
E LN ARE LT
(V,W) = [V-Wd'x:
Q
T SRR

H(V) = (V,BS(V)).
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VX)) ERER—NREY, e mRiERZ, BS(T)He ass Pt
AT T B E SOT a0, MR L FLRR P AL mT LA RT3 1R 7R ke

H, =(B,BS(B)); pE=(B,B);  uH, =(B,VxB)

BB AT T DAL X o e 5 e R as 55, 10 ARt 2 1 S R 3 Fn AR
JE BRI S, IR, BB AREAT E SCEOR YU I3 A 5 SO 5
g R B . MR RN G, B = AN R IR et IE SR L,
pH AH | 7EpE FARBREER E, —/MInA“Eieniz&, 5— M2 7<ieia
S AR, pHAH,, 5 pE#EREESN, —RE—0)05, B
7 BUErh BIX LA SRR AE Y PR R B2 BRI 201k, BRARMLRY . G
AL B AR AR AN AN S LS R DL RHRE B M) BB E RAF LB IR, AT 3E LR 4
FhEE T BRI B A AN 510 N BIOR BRI 0T e e, A2 — MR AE A FAL A A

EREPTA, WHRE . HRBRE AN IZPALEA L Y, eI
RE RN AR IE A7 € IR SRR S 72—, JRFRIA 1 A K LT P
MEERF . ARRZE B (R K A PR TGRS . URIRE I RE R, A8 B R TS
T RO IR o (H A0S B R 2R A B R A SR B AR AR A REAE RS B A B
FANME . B X T 50 715008 2, SR SR AT B — e 3. 54, Woltjer
TRINEMR L AR LR, B ARG RIRRE S NLIE L 1. ZAER R
FHAZ I RAE M) o 3 AT 02 S I 22 UART Ao 1 ) Lo 2R A E EL RN B i
i) A A AR — e PR G E . A, RERETIE). FR, %S
FERIOEAE T H— 2 5 AF TR AN, DR EXT e I AL I A RAE IO L4
), BUVF I AT 7058 A JEE R TR JEE R L e MR B R R A B8 1 AR S 1Y)
— %G,
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HERE

FRAE A - T 11 1) A 32 A2 K IS R 3 P R 2 (R 304 B 0 I 2 R AR i — i
PR ) o B AT IE K BH P A UL X R 2 H B8 23X — | K4 [ i sl i) — e
Moo BRERTFUT REMIME AL T, EIRIERA]: W TR R G SR
I N2 AT T UART R AR DG 258 AR [RIRE A e L, 0 PR S ) T LA AN 2 AT 1HE i &
IR BHDERAIT FT 8 B o WU IR L, e R R AT B 25 45 AR R T 7T
AR PAREE AR SS » AEDUAT I 2 AF T B ORPR B (24 K FA RE 7 WL I Bk
b e, EARKREEZIIG . SREHR A g MY RER, XREEh
OGRS — D H . AT, BT2EATH A T AR 2R
A

KRGS E o AL T LA
L BRI AR AU R DU 7R AN, BEETER .

2. MWL E AR X R A B A T aEE, Bl MR X a6 2 H
G J7 LR IRAERS ST o SCAP 45 53X ) R 1 GRS 1 3 S el TR 7706 i
AR IIAE A

3. FRHNHAT “7 2 N R AR, RVE BRI EATE KR, SR A ]
WA FEAEATE D B, 28R, AT YA 2 LI 26 A B A 1]

4. FERGEAT NS DT W TR b, B DR TR IR . WEMRSE L WA
BYLEER, ML T LA 5T Y A R R R AR MR Y el AL
KPR IARIR, £ E W AT ST KRG ATH . JXF RKHE A RIE

AREAR P B B, H Al A AR EE B BT SR H A % g . X BT

sty “AR EARANH, ARt FE AT X B SRRl
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Bk
SR T 00N b B Ry, AT RER A AR IR

1. ERBAEXRPHELR

AR) =1 [dx IX) the solution of
C T

VA=—pJ (V-A=0)

A (%) = f—njiﬁ'xﬁ(i’)dV'

L V'XL")dV'—l—jv'l—xB(x')dv'
4 r 4r r
:1_ v'XL)()dV'+1—J.B(i’)XL3dV'
4 r 41 r
1

v liBiEnave
41 r
-y

HB)= -~ [ B)xB@): —

X
|X

—dVdVy

H(B) AR 73 8 1K 2R 35 ) 208 e ANTRIRRE 1) — e (AR 3, R R T
AT IO TR 7 H IR AR S A Oy T BRSSP B e PRI R A

8. AR NEEAR, BRI

2. TEXMREEE SUE b (8] Jo K AYERA

(Ba _]_3b)'f1

Sab

—0;A=A, =0, (S,&% ab ZAXAH)
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AH=[ (A,-B,-A,-B,)d’x
= [(A,-A,)-(B,+B,)d’x+[ (A, B,—A, -B,)}dx
\%

= | (A -A)-B,+B)dx+][ (A, VxA -A -VxA,)M'x

Va+Vy,

= j (Al_Az)'(Bl'i'Bz)d}X + j V'(Alez)dSX
Va+Vy v

= I (Al_Az)'(Bl"'Bz)(PX
Va+Vb

Lo A -A, =Vy (< B, =B,,) ILERHIELS 5545

AH = I(Al—Az)-(El+]§2)d3x+ j Vy- (B, +B,)d’x
Va Vi
= j {L j le[ﬁl(x')—ﬁz(x')]dv'}-(Bla+1§23)d3x
v, Myiy T
a atVy
- ¢ (B +B,)-AdS
Sab+soo

= j L j v'lx[Bla(x')—BZa(x')]dv'}-(Bla+BZa)d3x
v, 4r v, T

- ¢ x(B,, +B,,)-AdS
Sab

PRI IREN D RE a ZRAX, iEF. (RE—FRAE T @7 ELRMITH
M. MR RIRE b ZREXZESEG - )

3. MWAEMAZIRH AL FF AT

X7 K5 N EEBR RN BE RN £ 0, P AN BN MESE 1
RBEZEME-—NMRESE. RELENUTE , AXRELK
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AH + SAH = j (A, +VE - A, -VE,)-(B, +B,)d’x
Va

+ [ (Vg +VE -VE,) (B, +B,)d'x
Vb
= J. (Al +§él _AZ —ﬁéz).(ﬁl +E2)d3X
Va
+ .[ (§X+val _§§2)'(]§1 +E2)d3X
Vi

= AH+ [ (VE,-VE,)-(B, +B,)d"x
Va

+ [ (Ve -VE,) (B, +B,)d*x

Vi
=AH+ [ V(& -&,)(B,+B,)dx
Va+Vy
=AH + q-D (él _az)(El + B2)'ﬁds
Sall
=AH

28R, GINARXTHEAREE 8 SISt e (el 138 2 Ph A se i il L, Xk
Wang™ff)(15)30, FHEIHES TR DEARR AR TE L, XIEZFENH
2 BMINE 45 A ORI 00 A RIRL ORGP PS8, g ok 1 XA WL T, () hd
BUHSA AR, BRI HIEEE R, fEBRCH LIS R IR O
TRIE) M B 2 1, R BEFEINBUE 25 AR AR HLIZ A TR A

4. EAREMASELNNIES (BELT)

d d. - d. -
—H,= —HB.,B,) - —H((P,B
R dt (a b) dt (a b)

d - - d - -
- —HB.,P)- —HP,P
dt (Bar By) dt F.F)
d

= ijA-BdV —~ —H®, B,
dt{ dt

[L@&-Bav) - LheE,.P)
Jat dt

~[[Z(A-B) +7-9(A-B) +(A-B)V-¥] dV
e
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:j[ﬁ(A-B) +cV-(ExA+¢B) +V-(VA-B)]dV — j[ﬁ(]xp-?) 1dv
ot 3ot

A\
:I[a aP
Lot
I[Q(A B -A.8 laA PP+ a—P-Ap 1dv
% ot ot
= [ I- ‘XAP+ a—P-Ap]dv
Va+Vb ot
= j—zcE B dv+ j[ 2cE-VxA_ ]dV
a A\

oA, _ -
—j[ VA + a—PA]dV
Vv

ot
=2 E-BdV-2c| [V-(A,xE)-A, la—P]dv
Va Vi
jW 1f’)Jrza—PA 1dv
J ot
i

:—2cj E-B dv- 2CSB(A «E)-hdS + j 2A, -
Va b

= dv — jz—A dv

:—2] (Bxv+cn))-B dV - 2<J5A x (Bx ¥+ 0)-AdS + — jzA MY 4y
ot
Va b
=—2en | 1B dV-2§[(A,-VB-(A,-B)v]-idS— [ 2V (A, Ny 4y
Va Sy A ot
= —2cnH, (V)+2<]S [(A,-B)v—(A,-¥)B]-AdS— 2<JSA 4 Mg

ot
Sp

Wik EmB e XA — M8, SEAE RS, NMiZE =41, XF
BAEER J(V,) =0, 7E RPBA K IRE LUtk

iHRz cj> 2[ (A, -B)V, ~(A,-V)B,]dS

photosphere
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