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ABSTRACT. In this paper,The author has discussed the coupl-
ing processes between the magnetic field and the unsteady
plasma motion,and analysed the features of the energy sto-
rage and conversions in the active region.

The magnetic configuration is all the force-free field in
the active region.The force-free condition is

VXB = “(t9£)‘§9 (1)
where ®(t,r),the force-free factor,depends on both the time

t and place coordinates r.The induction equation of the
magnetic field is

a8/t =VX(¥XB). (2)
The condition of zero divergence of magnetic field is
7'B = 0. (3)

Now we set up a cylindrical coordinate system to the axial-
symmetric force-free magnetic field.According to W °*B=0,we
may introduce the magnetic potential function A as

B, =(1/r)(2A/22),  By=(-1/r)(3A/ar). (4)
Hence,we may redure Eqs.(1)—(4) to the following forms
rB,= G(4,t), X =-9G(A,t)/24, (5)
_A(A)=(3% - 124 Dyn=a(a, v)oe(a,t)/a], (6 )
ar/ ot + u(oA/ar) + w(oA/2z) = O, (7))

2G(A,t)/2t + (2u/or - u/r + ow/22)G(A,t)

187

J. Christensen-Dalsgaard and S. Frandsen (eds.), Advances in Helio- and Asteroseismology, 187-190.
© 1988 by the IAU.

https://doi.org/10.1017/5S0074180900158048 Published online by Cambridge University Press


https://doi.org/10.1017/S0074180900158048

188 LIZHONGYUAN
=-(av/8z) (oA /or) 4 (ov/ar - v/r)(09A/8z). (8)
B-[aV/at + (¥-V¥ +Wp/p] = O, (9)

where V=(u,v,w), is the velocity field in the cylindrical
coordinates.To study the evolution of kimematical force-
free field,that is whether the processes might be described
by the solutions of Eqs.(4)—-(9§ or not.

Some authors,Barnes,C.W.(1972),Ma,Y.(1981) and Svetske,
Z.(1977) have calculated the quantitative relationship
between the static force-free field connecting the magnetic
field 2nd the twisting processes.They pointed out that the
potential magnetic field without the current may be twisted
into the force-free field with the enhancing current pro-
duced by the plasma rotation.They thought that it may be a
process 2f the storage energy in the active region.Lastterly,
1i,2.(1982,1984) and Hu,W.R.(1983) have pointed out that the

rrocesses should be unsteady,and essentially, it should not
be a static process.They have also pointed out that the dise=
cussion about the energy storage by the pure azimuthal
motion in the solar active region is not a perfect approach.
Svetska,Z.(1977),Athay,G.(1981),Hu,W.R.(1983) and Li,Z.
(1985) have suggested that the poloidal plasma moticn should
play an important role besides the plasma rotation.

Both Eq.(7) and Eq.(8) show that the toroidal velocity
mey magnify the toroidal magnetic field,and the poloidal
velocity mecy change the voloidal magnetic field.Their linear
condition is

G(A,t)[aG(a,t)/a4]) = o(t)A + dyft)/2. ( 10)

In this case,the force-free factor may correspondingly be
written as

G(a,t) =X[o(t)L + aKt)Afa ( 11)

o =3 [0+ oe)/2] / [uceE o) (12)

Substituting (10) into (6),wve may get the following force-
free equation and boundary conditions

ALR) +0(t)a = o, ( 13)
A(r,0,t) = £, (r,t), A(r,L,t) = £,(r,t), ( 14)
A(O’th) = 0, A(”,Z,'t) = 0, ( 15)

where "y" and "A" are all the functions of time t.

Using Hanrnkel transformation,it is possible that we try
to get the solutions of Egs.(13)—(15).In Hankel transforma-
tion,the time t will be used as a parameter.In order to
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finalize to make Eq.(13) into Bessel Equation,first we have
to suppose

A.(I‘,Z,t) = A(I',Z,t)/l‘, ( 16)
thus,(13)—(15) become

3] ) A ot -

#+%§—+8—er+(“-%?)A‘—o’ (17)

Ay(r,0,t) = £y (r,t)/r, A(r,L,t) = £(r,t)/r, ( 18)

AI(O’Z9t) = 0, A1(°0,Z,t‘) = 0. ( 19)
Now we make a Hankel transformation. Given:

o0

A(z,t) =J rA,(r,z,t) &(B8,r) ar, ( 20)
ther,(17)—(19) may be reduced to

( 3K/a2) + [o'(t) + 8']K = 0, ( 21)

A(0,t) = F,(8,t),  A(L,t) = F,(8,t), ( 22)
where L

F; = j £, (r,t) J,(8,r) ar, i=1,2. ( 23)

(]

It is not very difficult thing to get the solution. of (21)
and (22),we can obtain it and it is

X =c cxp[(o('+ B\fz] 4+ c, exp [—(o(z-b B’)’?z] , ( 24)
where ! 1 ( ) :
_ 3 '+ B L]- Fy(C,t
CZ_MJ%%L%.J%; L5 -, ( 25)
o o F1(8,) = Fy(8,t)exp[-(a's 1] L)

2 sh(Jo™+ 3% 1)

Using the inversion of Hankel transformation,the following
form can, therefore, be arrived at: .

bt = [ {rito,0- SR 4 no 0

shfu+ 8-2) 1gas (g 5 . 27
"sh<mm} 1(8,r) 4 L 2T

Thus, the solution of Egs.(13)=—(15) is

A(r,z,t) = rAy(r,2,t). ( 28)

Substituting (28) into (11),and according to (5),we can get
G(r,z,t) and By(r,z,t);thus,we may discuss the evolution of
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the toroidal magnetic field with time t. For example,we
analvse = brief condition in which ) (t)=0. In this case,

we may have
6(r,2,t) = ru{ﬂF. (o, ) 2l CLoe)] | 5 g )y
° - sh(J+8* -L)
Xsh(,,/o( +B8* -2) ]-B-J. (B,r)-dB} . ( 29)

sh(J«'+8* ‘L)

Then, the.density of the toroidal magnetic energy is

Wy = Bs/8T = G (A,t)/8nr" . ( 30)

In terms of the discussion ,hence,we may obtain a kine-
matical form.Due to the poloidal plasma motion,the kiretic
energy and the internal energy of the plasma under the lower
levels may be transfered to the upper levels of the active
region.The coupling process between the magnetic field and
flow field will cause the enhancement of the force-free
factor ¢ with time t.The enhancing X will impel the increa-
se in the toroidal magnetic field.If the plasma rotation is
alsc existing at the same time,the toroidal magnetic fiz=1ld
can even more be increased.In this case, the energy may be
stored up in the active region.Due to the ccntinued enhance-
ment of Wy ,it will be able to become possible that the
active region goes to. the unstability and even eruption.
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