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ABSTRACT. The comparison of the observed surface brightness of the solar
corona with the theoretical curves has corfirmed the conclusion about the hy-
drostatic density distribution at heliocentric distance smaller than 2.5 Re‘

K-KOPOHA C I'MAPOCTATWMMECKMM PACIPEJEJNEHMEM IUIOTHOCTHM, 3HAUEHME [JS COJ-
HEUHOT'O BETPA: CpaBHeHMe HAGARIATENbHHX ITAHHHX 06 SPKOCTM KOPOHN COJHILE ¢ Te-
OpeTNYeCKMMN KPUBHMM NDPUBEJIO K BAKJNYEHHWE O I'MAPOCTATHYECKOM paclpelseneHuy
OJAOTHOCTM B KOPOHE OO TFeJUOLEHTPUUYECKOrO DACCTOSHMA MEHbIero uyeM 2.5 R@.

K-KORGNA S HYDROSTATICKYM ROZDELENIM HUSTOTY, VYZNAM PRE SLNESNY VIETOR:
Porovnanie pozorovacich ddajov o jasnosti korény s teoretickymi krivkemi po-
tvrdilo zdvery o hydrostatickom rozdeleni hustoty do heliocentrickych vzdia-
lenost{ men3ich ako 2,5 R,.

The surface brightness B depending on the distance from the disc center Q
is the observable in studying the physical conditions in solar corona. Ordina-
rely, the distribution of density n as a function of heliocentric distance r
is inferred from the observed trend of B(pP) snd, after that, one cen draw re-
levant conclusion concerning the physical model of the corona from the depen-
dence n(r) [1, 2, 3] . We proposed a different approach to the problem [4, 5].
Physical considerations are used a priori to specify a model for density dis-
tribution in the corona; this model is used to calculate the expected depen~
dence B(P) which is then compared with observational data. The spproach makes
it possible not only to arrive at definite conclusions concerning the adopta-
bility of the model assumed, but also readily obtain the parameters describing
the coronal plasma.
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To calculate B(9) the following assumptions have been adopted:
1/ the corona is homogeneous,
2/ T = const
3/ the density distribution is described by the hydrostatic law

R
n(r)=n(R.)exp [-L‘gﬂ_&_ (— - —)| = a /T )
kT R r

The third assumption is founded on the following considerations. First, gra-
vitation and gas pressure are the main factors specifying the density distri-
bution in the middle corona, and the influence of forces, which may have se-
riously violated the hydrostatic distribution, seems to be small. Second, the
variation n(r), obtained in [2, 3] and in other papers, as soon as the empiri-
cal formula by Newkirk

n(e) = 4.2 x 104 x 10432 By/r = 42 x 104 x &P R/T (2

show that at least to 2 Rj - 2.5 Re the density distribution may be considered
as hydrostatic., Certainly, it does not mean, that the corona is completely
static in these layers. It is quite possible that there exist the motion of
the whole coronal plasma with small velocities, or the high-speed streams is
small volumes, that do not affect the observed distribution of brightness.

As it was shown in [4, 5] , et r >1.2 R, the dilution factor being ex-
panded in series, we get the expression for B (@) as as following

00

b/r dr
B(g)~a j—’—-—— (3)

¢ rVr? -2
(r is heliocentric distance, e is the distance from disc center in the picture
plane). The integral in Eq. (3) may be expressed snadytically, which gives

(®,) .
B <g)~n—-§L- I, (v/g) (4)

where I (b/¢) is the zero-order modified Bessel function of a pure imaginary
argument. As it follows from Eqs. (1) and (2), b/R°"'10 for the Sun, therefore

B (¢)~ Bo) ¢ v (5)
Ve~
This means (see [4, 5]) that the dependence of 'n B on 1/¢ 1is in practice 1li-
near for the middle corona at 1.2 Re<:9<:2.5 Re’ and the inclination angle of
the straight line In B makes it possible to define the coronal plasma tempera-
ture. The comparison with observations carried out in [4, 5] has shown that
thus obtained temperature coincides with the T-values defined by the standard
methods.
Thus,

1. The B(g) curve shape is a consequence of the fact that density distribution

in layers < 2.5 Re is hydrostetic. In contrast to the Bsumbach treatment,

B(@) is expressed by the parameters describing the coronal plasma.
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2. The deviation of in B from the straight line may have been used as a measu-
re of the difference between the real and hydrostatic density distributions,
which may be most naturally attributed to coronal plasma outflow of soler
wind type. The B(Q) shape may be used to verify the theoretical models for
solar wind source.

Further, the following questions were considered: )

1. Calculation of polarization emission characteristics [7]. The use of the
polarization brightness allows, first, to obtain the observational data not
spoiled by the F-component effect, and second, the treatment makes allowan-
ce for the anisotropy of the photospheric emission scattering. The compari-
son of the observed data with the theoretical curves carried out in [7],
has confirmed the conclusion sbout the hydrostatic density distribution at
r<2.53°.

2. The models for hydrodynamic coronal expsnsion of Parker solution type. The
main conclusion [8, 9] is that the deviation of observed values of in pB
at Rg/p < 0.4 from theoretical curve calculated under asumption of hydro-
static density distribution may probably indicate the existence of the plas-
ma outflow of solar wind type, the velocity of this outflow is in excess '
of sonic velocity at about 5 Ry . .

3. The plasma outflow from the coronal hole areas [10]. The cheracter of va-
riance of B(?) for the coronal holes has been found the same as for the
quiet corona. It was obtained that for coronal holes n(R,)~T7 x 107 em™3
and the outflow velocity v is sbout 100 km s™' at r~4 R,.
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DISCUSSION

J. Sgkora

Bame mepmBoe NmpeAmOXOXeHME I'OBODMT O TOM YTO KODOH& ONHOpOAHasi. Mu Bce amae
9TO B Ae#CTBMTEABHOCTM OHA COBePMEMHO CTDYyKTypaabHa. Hak Bame H8CTOABKO NPOTH-
Bope4YuMOe IPeNNOAOXEHUEe BAUAST HA NOAyUEHHNe BNBOAH ¥ PEe3yAbTATH 7 '
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0.G. Badalyan

Yes, that’s right. The corona consists of the structural elements. The effect
of these elements was discussed in (Badalyan and Livshits, Astron. Zh, 1985,
62, 132). The main conclusion we have arrived at is that the linear depen-
dence of 1n B on Ilp does not violate if the temperatures and densities of
the structural element are not too far from their mean values. Of course, in
defining the density distribution we get some mean value of n. But it should
be emphasised that we deal with the emission integrated over the line of
sight (that is the inverse problem is solving), and therefore to determine
the structural element charscteristics is not easy at any approach to the
problem.
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