
Journal of The Korean Astronomical Society29: S313 � S134, 1996 S313TORSIONAL MHD OSCILLATIONS OF THE SUNK. M. Hiremath1 and M. H. Gokhale21Department of Astronomy, Faculty of Science, University of Tokyo, Bunkyo-ku, Tokyo 113, Japan2Indian Institute of Astrophysics, Bangalore-560034, IndiaABSTRACTAssuming that the solar activity and the solar cycle phenomena may be manifestations of global torsional MHDoscillations, we compute the Alfven wave travel times along the �eld lines in the �ve models of magnetic �elddescribed in the following text. For all these models, we compute standard deviation and it's ratio to meanAlfvenic wave travel times. The last two models yield the smallest relative bandwidth for the frequencies of theMHD oscillations. However, the last model is the only admissible one which can sustain global Alfvenic oscillationswith well de�ned frequency for the fundamental modeKey Words : Solar cycle, Solar magnetic �eldI. INTRODUCTIONThe well known solar activity and solar cycle phe-nomena have been modeled earlier in terms of the dy-namo mechanism which may supposed to be operatingjust beneath the solar convection zone. Until the ad-vent of helioseismology, it was believed that the turbu-lent dynamo could reproduce the observed character-istics of solar activity and the solar cycle phenomena.However, heliosismologically inferred rotational gradi-ents are contradictory to what dynamo theories require.Moreover, recent spherical harmonic fourier analysisof Sun's magnetic �eld (Steno and Vogel 1986) andof inferred magnetic �eld from sunspot data (Gokhaleet.al 1992) brought out new global properties of the so-lar activity and solar cycle phenomena. These resultsshow that all the axisymmetric Legendre terms withodd degree `l ' have nearly the same dominant peri-odicity (� 22 yr). Also, superposition of Legendre-Fourier terms computed from the sunspot data in lati-tudes � 35o could predict the global behaviour of mag-netic �eld at all latitudes including poleward migra-tions of weak �elds and polar reversals. This suggeststhe possibility that solar activity originates in globalMHD oscillations of forced periodicity � 22 yr. Suchoscillations are originally proposed by Alfven (1943),Plumpton and Ferraro (1955) and, Layzer et.al (1979).In the oscillatory theory, solar cycle and solar activ-ity phenomena are viewed to be the manifestations ofglobal torsional magnetohydrodynamic (MHD) oscilla-tions superposed on the background steady part of themagnetic �eld. The aim of the paper is to determinewhether the axisymmetric terms of long period globalmagnetic oscillations with nearly the same periodicityare admitted by the Sun's steady �eld, assuming Sunhas such a �eld. For the steady �eld to admit suchoscillations, the Alfven wave travel time along di�er-ent �eld lines of the steady part of the �eld should beindependent of the latitudes of the photospheric inter-sections. In order to get an idea as to what type ofsteady part of the �eld structure can satisfy this con-

dition, we have computed the Alfven wave travel timesalong the �eld lines in the following �ve models of mag-netic �eld. The �rst three of these models are adhoc.In the �rst model, the �eld is taken to be uniform andin the second it is assumed to be a dipole �eld. Inthe third model, the �eld is taken to be a combinationof a uniform �eld and a dipole �eld. The fourth andthe �fth models are the models of `steady' part of themagnetic �eld (Gokhale and Hiremath 1993, Hiremath1994, Hiremath and Gokhale 1995) satisfying the lawof isorotation with the the helioseismologically inferredinternal rotation (Dziembowski et.al 1989).II. RESULTS AND CONCLUSIONUsing the density values from the standard solarmodel ( Bachal's (1989) model in the radiative core,and Spruit's (1977) model in the convective envelope),we have computed the travel times of Alfven wavesalong di�erent �eld lines in the afore mentioned �vemodels. The magnetic �elds in these models are scaledto the asymptotic external uniform �eld. For the sakeof comparison, all the models are assumed to have thesame amount of the steady part of the photosphericmagnetic ux with a nominal value 1:5x1022 Mx corre-sponding to a uniform �eld of � 1 G. In Table 1., wegive for each model , the average � of the travel times,their standard deviation (�� ) from the mean, and theratio ��� which represents the spread in the oscillatoryperiods. The least spread in the oscillatory periodsgive nearly the same periodicity along the di�erent �eldlines. Model numbers 2, 4 and 5 give the values of ��=�< 0:1. However, the smallness of ��=� in models 2 and4 is due to the fact that all the �eld lines enter theradiative core with similar arcs of �eld lines passingthrough similar density structure. This is mainly dueto the presence of central singularity in these models.However, in the model 5, there is no singularity and the�eld is regular at the center. Hence, we conclude thatamong models 1 to 5, model 5 is the only physically ad-missible model which can sustain global Alfvenic mode
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