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Abstract. In the presence of a magnetic field, three types of magnetoatmospheric
waves — magnetoacoustic mode, magnetogravitational mode, and hydromagnetic
mode —can propagate in a stratified atmosphere, in contrast to the propagation of two
types of atmospheric waves — acoustic mode and gravitational mode — in the absence
of a magnetic field. The exact manner of propagation of the magnetoatmospheric
wave is extremely complex, and most studies have been confined to certain specific
circumstances, such as an isothermal atmosphere permeated by a uniform magnetic
field (McLellan and Winterberg, 1968; Bel and Mein, 1971; Michalitsanos, 1973), and
atmosphere in magnetohydrostatic equilibrium (Yu, 1965; Chen and Lykoudis, 1972)
and the propagation across a density discontinuity (Stein, 1971).

In a previous paper (Nakagawa et al., 1973) a general method of determining the
trapped magnetoatmospheric waves was described, and in another paper (Nakagawa,
1973) possible interpretation in terms of such theoretical results of the observed mod-
ulations of chromospheric oscillations over the magnetically active regions of the Sun
was discussed. Therefore we present a brief summary of the physically significant
results of previous studies, with discussions focused on the validity of assumptions
and the results obtained.

The main effect of a magnetic field is the modulation of the period of trapped oscil-
lations, and this effect can be examined by means of the diagnostic diagrams. It was
shown (Nakagawa et al., 1973) that in a horizontal magnetic field except for the magne-
toacoustic waves, most of the waves are trapped, and that in a general magnetic field
most of the waves of frequencies below the local Brunt-Vaisala frequency are trapped
(contrary to the non-magnetic case in which those waves are propagating gravitational
waves). Further it was shown (Nakagawa, 1973) that a number of satisfactory agree-
ments can be obtained between the theoretical and observational results. Notably, it
was suggested that the short period oscillations of around 170 s reported by Elliot
(1969) and Bhatnagar-and Tanaka (1972) inside of supergranulation could be identified
with the trapped magnetoatmospheric waves traveling along the magnetic lines, as
such short period oscillations cannot result from the magnetogravitational waves
traveling perpendicular to the magnetic field. Similarly, it was pointed out that the
observed period of 600-700 s by Orrall (1966) and Blondel (1971) in bright facular
regions could be identified with the trapped oscillations in the presence of a vertical
magnetic field, together with the observed period of 900 s by Orall (1966), Elliot (1969)
and Cha (1970) in the supergranulation boundaries.
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In summary, the need of radiative-hydrodynamic both observational and theoretical
studies for the understanding of the chromospheric oscillations is stressed, since most
of the theoretical studies have been confined only to the examinations of adiabatic
small amplitude perturbations.
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DISCUSSION

Stix: Would you clarify one point. Is in each of your layers the Alfvén velocity and the density constant.
If so, is this consistent with the stratification?

Nakagawa : The density falls off exponentially within each layer with a constant scale height. Thus the
Alfvén velocity also changes. However, in the analysis the Alfvén velocity is assumed constant in each
layer as we have found that superposition of such solutions gives an adequate approximation to the exact
solution.

Souffrin: 1 am concerned about the identification of the slow mode with the magnetogravitational
mode. In a homogeneous medium with a vertical magnetic field you already have Alfvén waves, a slow
mode and a fast mode. In the presence of gravitation there is a new possibility for waves.

Nakagawa: No the dispersion relations still allow only three wave modes.

Souffrin: If you just suppress the gravitation you have three possible wave modes. Do you mean that
when you add the gravitation you must modify these three modes?

Nakagawa: The dispersion relations still allow only three wave modes. The addition of a gravitational
field modifies the wave mode but does not introduce a possibility for a new type of wave to exist. How
you identify each of these modes with the modes in the non-gravitational case is of course somewhat open
to question.
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