FIVE-MINUTE OSCILLATIONS
AND SOLAR ATMOSPHERE HEATING

Yu. D. ZHUGZHDA

IZMIRAN, Moscow Region, U.S.S.R.

Since Leighton’s.discovery of five-minute oscil-
lations in the solar atmosphere, many authors have
made suggestions that these waves probably play
some role in atmospheric heating. Indeed, the
theory of atmospheric heating requires observa-
tional control. Why? It is suggested in the theory
that the waves heating the atmosphere are gener-
ated in a convective zone. However, both the
theory of the convective zone and the theory of
wave generation by convective motions, are far
from perfect. As a result of this, Ulmshneider
(1971), for example, in his calculations of wave
dissipation in the atmosphere has chosen; of the
various calculations of the wave flux the convec-
tive zone, only those calculations which may pro-
vide sufficient heating, but neglects all the other
ones, drawing only on the fact that both the
chromosphere and the corona must be heated. At
the same time, oscillations with a period of the
order of five minutes on the Sun are observed
practically at all levels and in all regions.

Oscillations with periods of the order of five
minutes have no yet been considered in the classi-
cal theory of quiet atmospheric heating, mainly
because these waves are ‘‘non-propagating” (as
they are called by many authors). The classifica-
tion of atmospheric waves is based on the disper-
sion equation for an isothermal atmosphere. For
the sake of clarity, a diagnostical diagram is usual-
ly drawn. The solutions of the equations for
acoustic and gravity waves are the following:
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For “surface” waves (as we shall name them) &: is
a purely imaginary value. ’
There is no propagation alon z, therefore some
authors call these waves ‘“‘non-propagating” and
- assume that they can only transfer energy in

a horizontal direction. This is only valid for an
infinite atmosphere, but it is invalid for atmos-
pheric layers of a finite thickness. The phenomena
of energy transfer through the layers of a finite

" thickness by such waves are well known, for
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example, for radio wavelengths: the radio waves
tunneling through the ionosphere.

It would be rather simple t6 show that for the
surface waves there is a tunnel effect (Zhugzhda,
1972). In reality; the following solution should
satisfy the equations:
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It'may be transformed to read as follows:
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Propagation along z has appéared. The thick-
ness of the layer for which the tunnel effect must
be taken into account is d ~1/2 k..

Five-minute oscillations in the chromosphere
apparently are the surface waves, and in the
diagram they get into this very region. The accura-
cy of this conclusion depends on the measure-
ments of the horizontal wavelength. In recent
papers, Tannenbaum et al. (1969), Platov et al.
(1971), and Sheeley et al. (1971), the authors
arrived at the same values of of the order
3—4 x 10° km, although they applied different
methods.

The presence or absence of the tunnel effect on
the Sun depends on whether dissipation of these
waves takes place in the upper layer of the atmos-
phere and whether the upward energy flux has its
origin there. The theory of the dissipation of
two-dimensional atmospheric waves is rather
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weakly elaborated, and it is difficult to calculate
the tunnel effect value for the Sun.

One may adopt a different approach, e.g., to
establish either the presence or absence or the
tunnel effect in the chromosphere from observa-
tional data. If the 5-min oscillations are adiabatic,
with the absence of the tunnel effect the oscilla-
tions would be in phase at all levels, however, if
the tunnel effect is present, some lag would ap-
pear. It could be calculated for a simple model,
and could be compared with the observations. It
was found that the calculated phase lag is less than
the observed, i.e. there is a tunnel effect in
chromospheré (Zhugzhda, 1972). Hence, some-
where in the upper atmospheric layers a dissipa-
tion of the oscillations exists. However, it is impor-
tant to know the mechanism of dissipation of the
oscillations exists. However, it is important to
know the mechanism of dissipation and of the flux
of energy from the photosphere. I have already
stated that it is rather difficult to calculate even
a simple model of tunneling.

Another approch exists: to estimate the energy
flux from the observational data. The flux of
5-min oscillations cannot be estimated by an usual
formula for the sound-wave flux. The atmospheric
inhomogeneity and the two-dimensionality of the
non-adiabatic wave must be taken into account.
Besides, the observed parameters should enter the
formula. '

The general formula for the flux is

Iz=p'Uz, (4)

where p’ and v; are the oscillations of the pressure
and vertical velocity in wave.

The linearized equations of hydrodynamics may
be reduced to the two equations in terms of the
two unknowns, v: and div v. The pressure oscilla-
tions are described as

P'éiiw[éoyvz—)'podivv"‘()’—l) Q1. )

With the help of the equations of hyd-
rodynamics it would be possible to express div v in
terms of v: and to substitute in into (5), and p’
into (4). Then the flux would be expressed in
terms of the observed value (Zhugzhda, 1973):
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w is the amplitude of the vertical velocity, ven is
the phase velocity of oscillations, and p is the gas
pressure.

The observed parameters, such as w, k., the
phase velocity, and the dependence of the amp-
litude of the vertical velocity w on the height enter
this formula. Besides, it is necessary to know the
values of the density, the velocity of sound, the
temperature gradient, and the characteristic time
of heat exchange.

The law of heat exchange is Q' = —ggoc.T".
Prescribing the heat exchange law is the only
assumption used for the deduction. No restrinc-
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Fig. 1.

tion are imposed on the kind of atmosphere or on
the wavelength. Naturally, the flux is divided into
two parts. One part I.... depends on the phase
velocity of the waves, and there is a wave energy
flux which disappears in the case of standing
oscillations. The second part is a convective flux
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which is associated with the heat exchange of gas
and which disappears for adiabatic oscillations.
Optical observations made simultaneously at
two levels (i.e. in two lines) in the atmosphere give
all the parameters needed for estimation, and
certainly together with the standard atmospheric
model. Figure 2 represents the dependence of the

energy flux on A, at the photosphere-

-chromosphere boundary.
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Fig. 2. Modulus of (a) wave flux Ivave and (b) convective flut Leonv,

as a function of wavelength, into the chromosphere for

q=2x10"* (curve 1), g=5x1073 (curve 2), and g=2x1072
(curve 3).

It has been found that the flux depends strongly
on the horizontal wavelength. The presence of

would then be enough for the atmospheric
heating.

Thus, the 5-min oscillations are worth payiné
attention to from the point of view of the theory of
atmospheric heating. If these oscillations carry
a large energy flux, the next problem will be : how
and where are they dissipated?

If the solar atmosphere is approximated at each
level by an isothermal atmosphere, it would be
possible to calculate v./v. at each level, and it
appears that with A, ~3—4 x 10° km this relation
would become larger in the upper chromosphere,
i.e. the wave becomes practically horizontal
(Zhugzhda, 1973b). The transition to horizontal
waves corresponds to the resonance at Lamb’s
wave is a horizontal propagating sound wave.
Probably just at the level where Lamb’s wave
occurs, the dissipation of the 5-min oscillations
takes place.

Besides this, resonance-trapped waves may be
excited in the transition layer between the
chromosphere and corona. The natural frequen-
cies of these oscillations were calculated by mens
of a BESM-4 computer for the model where the
atmosphere and corona are considerend isother-
mal atmospheres and the temperature increases
linearly in the transition layer. The results of these
calculations for a transition layer 100 km thick are
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a maximum at A, =2 X 10’ km is connected with -

the fact that atmospheric waves prove to be mainly
horizontal for such A., and the calculation of this
dependence has been made with w constant. For
AL=2x10° the flux becomes too large i~10°.
This shows, in particular, that 1. may adopt any
value but 2x10° km. If one is to believe the
recent data mentioned above then
A1~3—4 X% 10° km. A flux of the order 1—2 X 10°

Fig. 3.

represented in Figure 3, in which one can see the
relationship between the frequency and the hori-
zontal wave vector of the trapped waves. To excite
the 5-min oscillations, the horizontal wavelength
would have to be equal to 3.8 X 10° km.
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