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Comment on Propagation and Dissipation of Alfvéen Waves in Coronal

Holes
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Abstract: Dwivedi and Srivastava [1] (DS) investigated the propagation and dissipation of Alfvén waves in coronal holes
after accounting for the viscosity and magnetic diffusivity. After solving a set of equations with the help of computer
results are reported by them. We find that the same set of equations can be solved even analytically. Since DS have not
reported any values of physical parameters used by them except their expressions, we could not trace out the source of
error. One reason for the difference in our results and those of DS can be assigned to some mistakes in their computer

program or to the values of parameters used.
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1. INTRODUCTION

Since the pioneering work of Parker [2], a large amount
of work has been done on the potential role of
magnetohydrodynamics (MHD) waves for understanding the
problems of coronal heating and the solar wind acceleration
mechanisms. Measurement of increasing line width with
altitude above the limb by Hassler [3] has been interpreted as
the signature of outward propagating undamped Alfvén
waves. On the other side, the narrowing of the line profile at
higher altitude could serve as signature of Alfvén waves
dissipation [4, 5]. For the study of the propagation and
dissipation of Alfvén waves in coronal holes, DS considered
the following MHD equations:
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where ¥ is the velocity, B the magnetic field and p, u, n, v
are respectively the mass density, magnetic permeability,
magnetic diffusivity and coefficient of viscosity. For these
equations (1) - (3), dispersion relation is derived by Pekiinli
et al. [5]:

0’ = kz[vi—iw(v+n)J+vnk4 (4)

where va[= By /4/up0] is the Alfvén velocity. The wave

number k may be complex quantity and can be expressed as
k =k, + iki. DS considered two cases:

(i) There is the viscosity only. That is, there is no magnetic
diffusivity (n7 = 0). For this case, equation (4) gives
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(ii) There is the magnetic diffusivity only. That is, there is no
viscosity (v = 0). For this case, equation (4) gives

kf—P'kf—Q'Z:O and kk;=Q’ (6)
where
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DS finally calculated numerically the damping length
scale D, (defined as D = 2m/k;), group velocity v, (defined as
Vg = dal k) and the energy flux density W (defined as W = p
unr Ug) for three different frequencies. Here, unr is the
velocity equivalent to the non-thermal component of the
relevant spectral line at the full width at half maximum
(FWHM).

2. PHYSICAL PARAMETERS

Investigation here requires information about various
physical quantities. In the present investigation we also used
the same expressions for (i) non-thermal component of
velocity onr, (ii) magnetic field B, (iii) electron density, N,,
(iv) temperature T, (v) magnetic diffusivity n, and (vi)
viscosity coefficient v as used by DS. However, their
expressions for electron density and temperature need to be
improved. After using their expressions, we have calculated
values of N, T, v, 17, B, va and unr in Sl units as a function
of R. The calculated values are given in Table 1.

3. DISCUSSION

In their investigation, DS accounted for three values of
frequency o(= 2m/t.) where they used t. = 0.01 s, 0.001 s
and 0.0001 s. Let us consider the two cases discussed by DS.
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Table1. Physical Parameters
R* N® T v’ n’ B’ v "
1.05 6.79 0.45 0.20 3.79 9.51 3.25 3.35
1.07 5.85 0.60 0.48 245 8.85 3.26 3.71
1.09 5.04 0.74 0.93 1.80 8.22 3.26 4.00
111 4.36 0.86 1.56 144 7.64 3.26 4.23
1.13 3.78 0.96 2.40 121 7.09 3.24 4.40
1.15 3.29 1.05 3.44 1.06 6.58 3.23 453
117 2.87 112 4.65 0.96 6.10 3.21 4.62
1.19 251 1.18 6.01 0.89 5.66 3.18 4.68
121 2.20 122 7.46 0.85 5.26 3.16 472
1.23 1.93 124 8.92 0.83 4.89 3.13 4.74
1.25 1.70 1.25 10.31 0.82 4.56 3.11 4.75
1.27 1.50 124 11.50 0.83 4.26 3.10 4.75
1.29 1.32 122 12.40 0.85 4.00 3.10 4.76
131 117 1.18 12.88 0.89 3.78 3.11 4.76
1.33 1.04 112 12.86 0.96 3.60 3.14 478
1.35 0.92 1.05 12.26 1.06 3.45 3.20 4.80

® Distance from the center of sun in R
® Electron density in 10 m®
“Temperature in 10°K

dCoefficient of viscosity in 10" m?s™;
¢ Magnetic diffusivity in m?s®
"Magnetic field in 10T

9 Alfvén velocity in 10°m s™
"Non-thermal velocity in 10°m s™

3.1. Case of the Viscosity Only
For i = 0 (equation 5), we have
2,2 2
2 2(vf)+1::2v2) B (11))_;/
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Using the data given in Table 1, we have wv >> vi and

we get
k :,/3 and therefore, k. :,/3
r 2v ! 2v

It shows that the damping length scale D and the
wavelength A of the wave are equal. For n = 0 and wv >>

2 .
v, we have the group velocity

v, = 9o =+2wv
ook )
This behaviour of the group velocity is quite different
from that given by DS. For this group velocity, the energy

flux density W = pv,; V2wv.

3.2. Case of the Magnetic Diffusivity Only

For v =0 (equation 6), we have
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Using the data given in Table 1, the damping length scale
D and the wavelength A of the wave are

_2n _4m,

D= :2_11_27wA

5 and A =
k. w’n k w

I r

Forv =0 and wn << vf\, we have the group velocity

_[dw) _
Ug: a_kr—vA

Hence, the energy flux density W = punr Va.

The analytical treatment of above two cases remains
valid for 1, = 0.001 and 0.0001. For 7, = 0.01, there may be
some deviation from the above results obtained analytically.
Values of the damping length scale, group velocity and the
energy flux density for v=0 and n = 0, separately, are given
in Fig. (1).
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Fig. (1). Here, (a), (b) and (c) are for v = 0 whereas (d), (e) and (f) are for = 0. (a) is.@ D/4min 10 ms?2, (b)isvgin 10°ms™ (c)is W
in10°kgm?®s?,(d)is D/V8r?/w in10°ms Y2 (e)is v, /N20 in 10°m s 2 and (f)is W /N2w in10*kgm* s,

4. CONCLUSIONS

Comparison of the results given in Fig. (1) with those
reported by DS shows that their results are not reliable. Even
there is no similarity between them. In particular, for the
case (i), we found that the damping length scale is equal to
the wavelength of the wave. For the case (ii), the group
velocity as well as the energy flux density are found
independent of the frequency. These findings contradict the
results of DS. We tried to find out some cause for
discrepancy. But it could be possible as DS did not provide
any values for physical parameters, as we did by reporting in
Table 1 here. Some reason for the difference in our results
and those of DS can be assigned to some mistakes in their
computer program or to the values of parameters used.
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