Lok w1 G i B Vol. 5, No, 1
1989 & 3 H Nuclear Pugoz and Plasma Physics 7 March 1 98 9

WE ¥ Wl i O R GE Y TR 43 R 28
REBEMRGE

king EuE BRE

Gihig ol SRR B, AEE0)

FXERZHEM, Nsesny MHED B f2lig, W—ANUE Y, TEgHE, RASIHnE
EMHDZ 4igh o845 B as TE4a

K| GERMHD, Bk, RS, Bl Rk,

’ T a AR R R xfﬁ’mhi&&@ﬁﬁ, e MHD FoE tER B ©F 50 3 3 8 4 #5

CRBEBUY ) A4ERAE N T 4R R %), Bernstein™, Hare!®!, Chandrasehkar!?!
Clement‘“%}fﬂ&%r MHD % ?ﬁfﬁﬁ IR T RE & BRI B MHD
TR Jg 70 R B BT R4 19 . E #6 10 R HEWT IR 48 19 MHD RZBWTRE thin Bk & SR, B
A Frazer™ FHATi0 0, BRERZGEZERY, HEXR, ANIELEEERK
RS E MR e, RERBBFIESNER, BT HFRAPBSTRESNRE, HERETS
B, FrABERERRAEREZEELC, PImEHERTBLERERYIRS) 52 E %
W, HRAHARAERESRESESAD. LRI IBHERKFERELRERKN, B
1, BREA A% R IR T RS R BLRE —REX, ik, ZXECHETEERR
BEEROIE, TR MNEGA MHD FiBHA M L, Aliess MHD R0 E 5 HE SRE %
EIE N

B 7 ) B s -

R RS, ARE 3500, S RSE, Vi LUE Al E QD) Mok
£, BTEREF v=Q, %r ZBAE, v EBIICE, HEM3 11, £ o BEAKK
BEEN, bR LA A RBEAE, T ARE RN R R,

* o HE ERB R P
*X A R LR R AR B G A

93 .



ERFERAEEIEREGLFRD, 5281 MHD 5%

a - .

d ) 7
—p Gy u=VpHIxBaaviut(L+ ] Jvy-u

+ov]Qxr|?/2—20Q xu—pyd=0, (1)
d .. 2 o ‘
—CP 4y T—p ((iit |u2! T + g)u'\f‘lﬂxr]Z

—pu-y@+vy-(Pu)+E-J=0,
p—RpT=0, aat B+vxE=0,

i~y xB=0, E4+uxB=0,

D(r, )= — m P(l”rt)dr

H

0 0 2 Oup m
‘“{PUJ’ —{ pO:JTn(GUi -+ at: _é a;m 6”>+é§§m 511}’.
BT, p, p, u, BRI SGBIGIRE. EJJ. PUREE., #E, RGBT « R4y
BIARSRABRENIRERS, ENBELCAHEE, ORI P SBIASIIEMENKE,

HEGLETFHEN HTFHFEO LR, LRy EPR gt = U= 0 AT {5 ¥ & 5 7

—Vp+dox By +0o,v|QXr|?/2—p,vP,=0,

b =RPoToa

1 (2)
=_/IV x By,

Vv :By=0, 7T,==const,
HARFHR
[r]|>o0, pg=py=By=J,=0,
BZF-H5HP r LR ﬁﬁfﬁiﬂﬁﬁ/l\ﬁwﬁﬁﬁ E(nexplot) FR, TRZIHEKE KR
HERN
p1=—V(0,8), Bi=vx(§xBy),

D, = ijjv (lf"o_g_l)';'lgri’ 21=R(p,T+Tp,). (3)
3
2 P =( - ) (4)

TRMAGBRACL) AN LA LT #
@*po§ +oM(§) +N(E, 7))

[:(a))q;w:[ ]:0. (5)
wpec, T —ry* T —af(§) :

Hrp
M(E)=—2p5 x@—nv*6 (6 + J Jvv &,

. 24 .



NCE,T)=Ry[p T —TV-(08)] +PoGijj [r—r’ I

—V-(0:8)VD,+V- (0)VIQ xrl’/2—~i~

><[(vaa>><\7x(§><B)+(v><v><(§><Bo'))><Bo],

f(§)=“PoV'§.
FOMEBTERZNBELEARADREER D of (O) B,
VYA BUR TS

lim §= lim 7,=0,

Ir'—)oo lej—=c0

HRTH RME RS TES,

ENE

(6)

BMEW R ZES T A REFCE)MITH BB ¢ IHRNES o P B K
SERE RN R AR B S R BN SRR E X 2 Bl L RMEE NS A w7, XME =R E

BARR 0@, DHMOW, )EXHRA

<o, &>={[[&-1+T2ar,

MR I R R A,
FIF(5), (6)RERPE BT ARTH
Q=<®, Lo)

=j”{cozpog.;+a)[—2po§-9 X L~n(V*E)-§

—(6+ 1 )6 vV L—E- V(D) 1= RoE-V(Tuv-1)
. crdre’
+Gp v [[[ TR ok v v =0k
cVLvIQXr|?/2)—§- By X VXL X (VXBy)/ p
- ;é-[Bo XY XY XL xBy)]+e,00,Tt—kTVcr—Rp,Tv-L}dr.

S RAKYORGE, TRERXRPLRCS ) KERET R

? oo [proHcoﬁ(z,,r)Jrﬁ(L) ] .
O)P= =V,
ch’PaT""\'VZT"‘RPoV 34

B

Mt ) =~20@ x4 —1v —(4+ ] J0V-L =V (o0,

— Sy crdr’
N ==Rpw Ty +Gy [ [ [V (2R 4oy -y

fr—r"]

(7)

(8)

« 25 .



— VL VIQXT]2/2) =By Xy X (L XJ)— i[Boxv XV X(LxBg)],

MR REHR CBXNEHMBATE)
lim { . )=0 (9)
A

!r[—)oﬂ
FHX =@, 1), Xy=(@,1,)€x X o7, {%MXML‘P?F&?%EZ{%X%
<A1,X4>:<‘Pu(]72>+<¢n¢z> (10)
B Hilbert 2% [H]3Z o B0 78 53 5 XHES™ 5] o X o7 W, HTHRAR

Of (X hy=lim I IR oy o, an

Bt B QOB FURER F(XONMEET, HiEh .
F(X)=gradf(X),
FOORECOWBER, SFRFX)KTESS,
F RIS 10T 22 s %, FTRUERE S BasahE Mas frsim,
Blm 1l Mo X MRESHE SREETFHXOFERZ R

w(X)= ;<MX,X>, (12)

5o 2 BResEe X Rk .
EXH AR F MX,

g £ } imzpo;+wm+ﬁ
R

T 1 C 0P T—HY T~ RpyV -
mx g = | 1
0 E ¢ i E,wzpo§+coM+N (13)

A Leywp T —ryiT —af (§)

BB E 1 BFEMOEITE

w(X)=Q¢&.,T,L,7), (14)

XEH QHEHB(THIHER,

HERSIBRAOHR, FTRUHERAERSERFERARORETSERAE.

EHEE1L EOQE, T,L, v e=0WEsLEEGR E.T,1, o) BRHFB(SH
(8),
C EAQ=0, WHEEL T, L, T HiSH

o=wo(§, T, i, 7). (15)

ENEm2 HyPwEisTE & DHRQ, o #deE, T, L, ©=0, WE %

SRAHROEIFCIWM; Kz, #E, THFMWA, DHSBIERFR(5IM(S)IKK, HH

W0 g (2 P

=ﬁj~{2mp°§'g+ML+”vPoTT"-f(§)T]dr#:O.

« 26 -



B A ] 26 A A
ook, 7', I, 7)=0, (16)

LR R M &

H @ G 3ECE,, THETHRCS), FHEHEN% RIS/ AR KB R &4

(6)(9), HERNIMERTHARS LA
o* A+l +H=0. an

St A=[[]og*-gar,
I=Re(D) +ilm{D)

=—_”J Levoo T\ T5 +n(v x &) (v x&*)+(é+' 43” )(V'é)(v-g*)

+Re(T1pov ) 1dr+if 12002 Tm(8) xRe(t)

+Im (T3 pev-€) 1dr,
H=Re(H) +ilm(H)

=[[J1oere-v[[[VE T Rery - (o e* vty

+ ; Re[v- (pog)g*'VIQ Xr|*] +Re[E* - V(Ro T\ —RTv-(08))]
+:wrv X (EXBy) VX (£*xBy) ~E*-yx B,
XV X (Ex B /u+k (VT - (yT Dy dr+i | [ Im

x| 5 V(P8I VIR r[*+E* ¥ (RpoTs ~V (oubIRT)

—v~<po§>g*-v@o]dr

B (7)) R R
o=(—{+r [*—44H )/24. (18)
B P~ g AH*0, NRE—EE OSIERGE, 7)), ERSHEBN o b REL—)RS

B IEE, FIHEHERER, #3908 4 HELE, EVENTRREEER,

EH NAESETRAAERENESFEIBRTH A&,
(i) H=o, (ii) Re(H/I)>o0,
(i) FfE— % a, R Re(@)< 0
A(H—-H*ya—(H*+HI*y 7
R{ (H¥~H)—I+1*)a }*0
.27 .



MR MEEORE, T, SR LR&M, WZEAREN, o REITFHEAHE
REEM, WRHRGREED,

fEHE R R HBIR A RITE.
8 £ x W

1] Wiegandt, R.., Astr. Ap.. 82, 177(198D).

[ 21 Lehnert, B., Nuclear Fusion, 11(5). 485(1971).

[ 3] Frazer, M. C. et al., Mech & Appl. Math.. 26(2), 129(1973).

[ 4] Pan.L. 1, Cowly, S. C.. “Viscosity in Tokamaks” (to be Published on Nuclear Fusion). 1988.

[ 51 Berostein, I. B.. Proc. Soc. (London). A244, 1236(1958).

8] Hare. A., Phil. Mag, Ser., 1958, p. 48.

[ 7] Chandrasekhar, S., Hydrodynamic & Hydromagnetic Stability, Oxford Ugiv. Press, 1961.p.599.
[8] Clement, M. .. Astron. J., 140(3), 1045(1964).

[9] FAEE, BREDIDDS T 7 ~WE, SHEEIE, 197652105,

[10] 2%%H, TEHWHXL, BHEHHHMRL, 19585, 53871,

(%ﬁﬁﬁ%ﬁl%séﬁ 3750 l&?ﬁ)
19884E 8 A 20 H K BB HE

VARIATIONAL PRINCIPLES AND STABILITY CONDITION FOR
A ROTATING MHD SYSTEM

ZHU Ruzeng WU Hanming PAN Liangru
(Institute of Mechanies, Academia Sinica, Beijing)

ABSTRACT

Two variational principles and a stability condition for a rotating MHD
system, which is considered compressible, viscous and seli-gravitational, are
derived strictly from the complete MHD equations without restriction in

adiabatic relation,

Key words Rotating MHD, Viscosity and compressibility, Variational
principle, Stability condition,

(L#eg225)
may lose stabilities and become 2-tori owing to the re-excitation of the linear
frequencies of the oscillators,which is attributed to the coupling perturbation
of another kind of modes From this as well as other authors results it is
conjectured that the coupling between the moment equations of hydrodynamics
may play a critical role in Ruelle-Takens route, and the picture of transition

to turbulence is conceived as an adjusted motion attracted on two 2-tori,
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