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ABSTRACT The monochromatic images of unipolar sunspots
in the Stokes paramcters Q and U of magneto—sensitive lines
display a complicated structure. This is caused by the
magncto—optical effect and also connected with the 3—D struc-
ture of spot magnetic ficlds. In the process of numecrical
simulation it is possible to check the regularitics of the change of
the angle of inclination of magnetic lines of force with distance
from spot center.

1. INTRODUCTION

The monochromatic Q and U images of unipolar sunspots cxhibit an
intcresting configuration. Each image consists of four quadrants and
the necighboring ones have alternately plus and minus signs.
Moreover, cach quadrant contains a set of concentric closed curves.
Figure 1 is the U image of a large spot observed in Fel 1 5324 on
April 28, 1988 at the Huairou Station of the Bcijing Obscrvatory.
Figure 2 is the longitudinal magnetogram of the same spot. It is im-
pressive to note that these two images, belonging to one and the same
spot, have drastically different shapes. Obscrvations of the Marshall
Space Flight Center yicld the same result.

2. THEORETICAL INTERPRETATION

The peculiar configuration of the Q and U images of sunspots can be inter-
prcted with the magneto—optical cffect (Landi Degl’ Innocenti, 1979). On the
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Fig. 1. Monochromatic U image of a sunspot.
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Fig. 2. Longitudinal magnetogram of the same spot.

basis of our former work (Ye Shi—hui and Jin Jie—bai, 1986), we performed

numerical solutions of Unno—Beckers” equations, i.c.
L -8B
cosf - =( +n)I=B)+n,Q +n,U+n,V,
042 —p 4-By+(1 v in2g ¥,
cosb = =n,(I—B)+(1+n)Q +p,U+p,sin2yV,

dU .
cosﬂg;-=qv(]—3) =P 0+ +91 ) U—p_cos2zV,

dv . .
cosﬂ}? =0, {I—B)~p,sin2yQ +p cos2xU + (1 + 14 ,)V.
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The magncto—optical effect is represented by the following two coefficicnts:
0x = ity CONF( = 9,0) = Fe + 0, ),

2
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Morcover, we computed the signals of linear polarization defined by
e
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- where f(4) is the transparency profile of the birefringent filter. Then we calcu-
lated for sunspots their theoretical Q and U images, which agree rather well
with the observed ones.

3. INCLINATION OF MAGNETIC LINES OF FORCE

It is interesting to note that the theoretical Q and U spot images are
concerned with the inclination angle y of magnetic lines of force to the
normal on the solar surface. In the fan—shaped model (Hale and

Nicholson, 1938) y is equal to a -gp, where a is an adjustable

coefficient and p is the distance from the spot center divided by the
spot radius. We have found that for a=1 theoretical images agree well
with observed ones. But when a becomes smaller, e.g. a=0.833 and
0.3, the agreement is worse (see Figure 3). This may possibly mean

that for the fan—shaped model we have to use the formula y= gp.
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Fig. 3. Thcoretical Q images computed for fan—shaped
modecl with a=1, 0.833 and 0.3(from left to right).
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Wec have also donc numecrical simulation with Osherovich’s
(1982) rcturn—flux modcl and thc agrcement between thecory and ob-
scrvation scems to be still better (figurc 4). Thercfore, we can say that
this model may bc closer to rcality than the classical fan—shaped
model.
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Fig. 4. Theoretical U imagc calculated with return—flux model.
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