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ABSRACT: Alfvèn waves are low frequency magnetohydrodynamics plasma waves or oscillations which 
propagate in the direction of the magnetic field. Alfvèn waves are of fundamental importance in the behavior of 
many laboratory and space plasmas. They play important roles in the heating, stability and transport of plasmas. 
Solar plasmas are structured and stratified both vertically and horizontally. The stability is discussed of the drift- 
Alfvèn wave which is driven by the equilibrium density gradient, collisional solar plasma, including the effects 
of both hot ions and a finite ion Larmor radius. An analytical mode analysis is used for the description of the 
waves in spatially unlimited plasma. In the analysis of modes, the exchange of identity between the electrostatic 
and electromagnetic modes is demonstrated. The results are applied to coronal and chromospheric plasmas. 
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1. Model and derivations: 

    The momentum equations for ions and electrons are: 
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  The parallel electron dynamics, in the limit when ion motion is predominantly polarized in the  
perpendicular plain, is described by:  
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(3)  

and by using the Ampere law, the electron continuity becomes: 
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  By the same method, the ion continuity equation is finding and combined by (4) using the 
quasi-neutrality to obtain: 
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  The given set of Eqs (3), (4) and (5) will be used in the description of “The drift-Alfvèn 
waves in solar plasma”. 
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            2. Waves in unlimited plasma:  

   In Cartesian geometry, for perturbations ( )zikyikti zy ++−≈ ωexp . Eqs (3), (4) and (5) yield 
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           2.1. Coronal plasma:  
                To discuss the roots and increments/decrements, we solve eq (6) numerically by taking    

parameters values that are typical for the solar atmosphere (Fig1, 2 and 3)  

 
 
 
 
 
      
 
                                                     Figure 1: Frequencies ωr and  

increment ωi in terms of the couplingterms kyρs. 
 
 

 
 
                                        
  

    Figure 2 : The drift wave                                                              Figure 3: The frequency of       
frequency (full line), and its increment                                           the kinetic Alfvèn modes                                       
(dashed line) in terms of the density scale lengh.                           corresponding to the drift 
                                                                                                            mode in Fig.2.        
                                                                                                             
   2. 2. Application to the chromosphere: 
Equation (6) is solved also for the quiet sun parameters of “The chromospheric plasma”.  

 
           3. Confinement and heating of plasmas by Alfvèn waves in the Tokamak: 
          What’s Tokamak? 

    The word Tokamak is an acronym for the Russian words Toroidal’naya Kamera Magnitnoi  
 Katushki, meaning toroidal chamber and magnetic coil. 

   
         3.1. Plasma heating: 

   The most efficient way to heat a tokamak plasma is by passing through it a current induced 
by the primary coil (as seen from Fig. 4) This coil is the primary circuit of a transformer in 
which the plasma ring constitutes the secondary circuit. It works like an electric heater, the 
amount of heat generated depending on the current and the resistance of the plasma. 
   Unfortunately, the plasma resistivity decreases as the temperature rises and the heating 
process becomes less effective. The maximum temperature that can be achieved in tokamaks 
by the resistance heating (or homic heating) method is about 3*107  k, twice the temperature 
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in the center of the sun but less than needed to startup a reactor, about 108 K. In tokamak 
experiments auxiliary heating is used to reach temperatures currently as high as 5*108 k (more 

than 30 times the temperature at the sun-center). The two main methods of additional heating 
is by the injection of high-energy neutral particle beams and radiofrequency waves of various 
types.  

 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Main components of the tokamak 
 

          Conclusion: 
  The frequency of Alfvèn waves modes depends on the density gradients (as seen from 1, 2 
and 3), and on the coupling with the corresponding drift mode which is driven by the density 
gradient. The change in the frequency of the Alfvèn modes should be taken into account in the 
analysis of observed modes in the solar corona. In fact, this introduces a certain freedom in 
the fitting of observations into the theorical modeling. We note in the particular that the 
widely used one-fluid (MHD) model is intrinsically unable to describe these phenomena.  
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