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ABSTRACT: The chromosphere is heated by the absorption of the week mag-
netoacoustic waves.

CO3JAHNE WAIHETOIMAPOIVMHAMMECHEMX BOJH B COJHIUHON [IATHE. HAMPZB
XPONOCYEPH HAJ COIHEZUHEMM TATHAKM. Xpomocdepa HarpeBaeTCs NOTJOULEHUEM CASOHX
MaGrHETOAKYCTUUECKUX BOJH.

VZNIK MAGNETOHYDRODINAMICKYCH VIN V SINECNEJ SKVRNE. ZOHRIEVANIE CHRCMO-
SFERY NAD SLNECNYMI SKVRNAMI. Zohrievanie chromosféry vzniké absorpciou sle-
bych magnetoakustickych vin.

Let us suppose that the sunspot is a magnetic flux tube with homogeneous
field strength H, and the magnetic lines of forces are perpendicular to the
surface of the Sun (Fig. 1). The magnetic energy density, Em = §%r ig this
cese doesn’t depend on the depth. The kinetic energy density, Ek = 5¥L dep-
ends on the depth according to the model of the convective zone [1]. In the
region where Ek7 Em, the moticn of the convective elements mixes the magnetic
field lines because they are frozen in the matter. In the.regicn where Ek<.Em,
the magnetic field stops the motion and the expansion of the convective ele-
ments. The region where EkﬁﬁEh can be called as "critical zone". The depth of
the critical zone is the depth of the sunspot if the spot is supposed to be
the region where the convection is stopped by the magnetic field. The depths
of the spots at several magnetic field strengths are given in Table 1. Accor-
ding to Table 1, the depths of the sunspots are not very large in comparison
with their horizontal dimensions if the field strenght is not larger than
3000 gauss. It is interesting that tﬁe depth of the spot is comparable with
the depth of the convectove zone in the case of 350C gauss. Perhsps it is in
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Fig. 1: Scheme of sunspot.

connection with the existence of a maximal field strength of the spots.

Table 1

The dept of the sunspots as the function of pzgnetic indication.

H (gauss) Depth (km)
1000 3600
2000 e
3oco 10000
3500 100000(7)

It can be supposed that in the criticsl zone magnetohydrodynamic waves
are generated, the energy of convective turbulent motions transforms into the
energy of magnetohydrodynamic waves.

Let us analyse the processes taking place in the critical zone. Because
in the critical zone the density of the magnetic energy is comparable with
the density of the kinetic energy of the convective motion, the influence of
the magnetic field to the convection has to be taken into consideration. The
energy of the convective element can approximately be given by the following
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eguation:

X ~

m=§K(x)dx-%% , (1)

o
where m is the mass and v(x) the velocity of the element, K(x) is the upward
force. Using this equation in [[2] have been calculated models of the convec-
tive zone at several mégnetic field strength. In -ig. 2 the characteristic
velocities Vv of the convective motions are given at 1000, 2000 and 300C gauss

respectively.
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Fig. 2: The characteristic velocities Vv of the convective motions are given
at 1000, 2000 and 3000 gauss respectively.

Kulsrud [3] calculated the emission coefficients of various types of
magnetohydrodynamic waves. If the magnetic field strength is larger than 500
gauss, the emission coefficients for Alfvén waves and slow magnetoacoustic
waves are the same and the emission coefficient for fast magnetoacoustic waves
is negligible small. The emission coefficient for Alfvén =nd slow magneto-
acoustic waves are [2]: -

6

s =S, =25,2 10 f(m)ﬁ3 (2)
Alf ~ Ps1 T 20° 13‘5"

where MH =

<<t
>

, P is the pressure and f1 is 2 numerically given function.

According to [2] and [3], if there is no magnetic field: sound weves,
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if the magnetic field strength is 50 - 100 gauss: fast magnetoacoustic waves
and if the magnetic field strength 1000-3000 gauss: Alfvén and slow magneto-
acoustic waves are generated respectively.

The emission coefficients of Alfvén and slow magnetoacoustic waves as

functions of the depth are presented in Fig. 3 at several magnetic field
strength.
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Fig. 3: The emission coefficients of Alfvén and slow magnetoacoustic waves
as functions of the depth are presented.

The Alfvén and slow msgnetoacoustic waves propsgste practicaly slong the
field lines. Taking into ccnsiderstion the reflexiocn of the waves, has been
czlculated the fluxes of Alfvén and slow magnetoacoustic wasves at the surface
of the Sun [2 ] at several magnetic field strengths (Table 2). It should be
noted that the flux decreases with the growth of the field strength.

Table 2
The fluxes of Alfvén and slow magnetoacoustic waves.

H(gauss) Flux(erg/cmgs )
1000 109
2000 4.108
3000 3.108

This calculations show thst the flux of magnetohydrodynamic waves emitted
from sunspots is larger than the flux emitted from active regions and at least
an order of magnitude larger than the flux emitted from undisturbed regions.

Knowing the fluxes of magnetohydrodynsmic waves emitted from sunspots we
cen construct models of the solar chromosphere above the sunspots.
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Fig. 4: The temperature T as s function of height in the chromosphere.

The radiative emission coefficien ge of the solsr matter in the chromo-
sphere has been calculated by Cox and Dsltebuit [4].

Eo = 1072 £(T) n_ ny , (3)

e

where £(T) is 2 numerically given function, n
Hydrogen densities. According to 5 :

e and ny are the electron and

E, = 1,33 10%4 rep, 1) 97, (4)
where F(P,T) is also a numericaly given function.

The Alfvén waves don’t damp in the chromosphere and therefore don’t play
2 role in the heating of the chromosphere. Osterbrock [6] has suggested that
the slow magnetoacoustic waves transform into weak shock waves in the layer
of VAgﬁvs (VA is the Alfvén snd VS is the sound velocity). The chromosphere is
heated by these weak shock waves according to [3], [5] and others. The sbsor-
ption coefficient for the wezk magnetoacoustic shock waves my be written as
follows [5]:
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Ea = %21/2t0-‘ K “5/4P-5/4 e 3/4Fo3/2 .
' h -3
. (1+ %2’/2F°’/2t°" gd’ =5/4p=5/4 ¢ 3/4dh) (5)

where to is the transit time of the shock waves, )y is the ratio of specific
heats, P is the gas pressure and F is the energy flux the shock waves at the
level h=0.

Let us suppose that chromosphere is heated by the absorption of weak
magnetoacoustic waves. In this case éa = Ee’ or combining equations for Ea
and Ee, snd using the equation of state and the equation of the hydrostatic

equilibrium, we get a differential equation for P 5

.

P":_L_Piéﬁ.

5 + 4F(P,P’ )“% P - 12a(-pp’)'/6 B2, pr)1/3 )
/

2

+~3E F(p,p' ) P

o

The model has been calculated by this equation numerically. For the tran-
sit time of shock waves, to’ depending on the magnetic field strength, 10,
30, «<.., 90 seconds have been taken successively.

Figure 4 shows the temperature T)h) as s function of height in the chro-
mosphere.
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Discussion

M.A. Mogilevsky:

Bu Bsaxu npu OlleHKe MOTOK 9SHepruum M'J BoxH 108 epr/cuz. OTO HA TpMU NOPAIKAE
Goxbile TOro, 4To HabapaaeTcd (KX CTATH 9T SKCIEDUMEHTAJbHHE AaHHWE, KOTODHE
nokasaau MHOTUE HaCJApAaTeNd sacTaBuau [lapkepa OTKAsaThCs OT TEODPUM OXJASELECHUS
NTH& MNOTOKOM yxomamux M'J BoJaH).

M. Marik:

3aMelJeHHEE MErHeTOAKYCTAYECKME BOJHH He 3aMHKADTCH B MATHE. OHM HarpeBapT
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TOJBKO Xpomocdepy Hall NATHOM C CJaOdA VAafVS. Ongna vyacTp NOTOKAa HarpeBaeT Xpo-
mocdepy, Apyras 4YSCTb BHXOLUT B KODOHY.

J. Staude:

For comparison the theory with the observations of oscillstions it would be

useful to know the predicted spectrum of wsves. Which period could be ex-
pected?

M. Marik:
According to the presented theoretical calculations the period of oscillation

of magnetohydrodynamic waves changes from scme minuies to one hour, depending
on the magnetic field strength.
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