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We study the propagation o f  surface/pseudosurface m odes in the structured solar atm osphere  
assum ing that the surface w aves m ay be able to heat the chrom osphere and corona. The w ave energy  
can be d issipated by radiation, ion viscosity, and electron heat conduction . For the solar corona, it 
is found that the pseudosurface waves, trapped in the coronal loops, dissipate efficiently on ly if their 
periods are longer than 200 seconds and only if the background m agnetic field is sm aller than  
5 gauss.

I. Introduction

The mechanisms which convert the kinetic energy 
of the solar photosphere and convection zone into the 
thermal energy of the chromosphere and corona have 
been under study for a long time [1]. Coronal heating 
by M HD waves has been widely investigated. The 
M HD slow modes (Alfven and slow magnetosonic 
waves), however, can probably be ignored in this con­
text, since they propagate too slowly to carry the re­
quired energy flux into the corona, subject to the con­
straints imposed by the observed amplitudes of 
nonthermal motions in the corona and underlying 
chromosphere. The fast magnetosonic wave has a 
number of appealing features. Its group velocity is 
large, and it is therefore in principle capable of carry­
ing a large energy flux in the corona. It is intrinsically 
compressive and thus subject to dissipation by viscosi­
ty, heat conduction, and radiation [2], Recent studies 
of Leroy and Schwartz [3, 4] on propagation of bulk 
fast M HD waves (particularly magneto-acoustic grav­
ity oscillations) in a model of the solar atmosphere 
which includes the chromosphere, the transition re­
gion and the corona show that these fast modes can­
not supply the required energy flux into the corona.

A remaining possibility takes advantage of observa­
tions that the corona is highly structured. The mag­
netic atmosphere of the solar corona can be viewed as 
made up of coronal loops (magnetic flux tubes), the 
transverse dimensions of which are much shorter than
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longitudinal ones. The atmosphere is dominated by 
magnetic forces; the flow of heat is principally along 
the field lines. Density inhomogeneities also occur. As 
a result, a magnetic flux tube can become visible, 
standing out from its neighbours [5], even though the 
whole of the atmosphere is permeated by a magnetic 
field.

Inhomogeneities in the magnetic field induction are 
probably not large, but even in a uniform field strong 
density variations will result in strong differences in 
Alfven speed, and it is the Alfven speed, rather than 
the field itself, that governs the wave propagation. In 
a structured atmosphere, where discontinuities of den­
sities, velocities etc. exist, new aspects immediately 
arise; in particular, the existence of discontinuities al­
lows the propagation of surface modes. These modes 
have properties which may make them capable of 
heating the chromosphere and corona.

In this paper, we evaluate the extent to which fast 
magnetosonic surface waves can be collisionally dissi­
pated in the chromosphere and corona, i.e. we cal­
culate their dissipation by viscosity, heat conduction, 
and radiation. It is interesting to note that viscosity 
can contribute a much more important dissipative 
term than electrical resistivity [6]. Since we are consid­
ering collisional dissipation, we will confine our atten­
tion to dense chromospheric/coronal regions, where 
collisions are frequent; coronal holes will be ecxluded 
from our analysis.

II. Basic Assumptions, Governing Equations, 
and Surface-Wave Dispersion Relation

The dissipation of magnetoacoustic surface waves 
in a magnetic cylinder embedded in a magnetic envi-
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ronment is analyzed subject to a number of simplify­
ing assumptions:

(i) The effect of gravity will be ignored, our emphasis 
being on an exploration of the role of magnetic/ 
density structuring. We will concentrate our attention 
on the two cases that most closely model solar fea­
tures, i.e. isolated flux tubes of chromospheric fibrils 
and coronal magnetic loops. For these the neglect of 
gravity and, associated with it, stratification might be 
reasonable.

(ii) The magnetic field pressure in the chromosphere 
and corona is assumed to dominate the thermal pres­
sure. Nevertheless, we will assume that the propaga­
tion of adiabatic waves is governed by the usual equa­
tions of ideal MHD.

(iii) The surface waves are assumed to be weakly 
dissipative, i.e. the imaginary part of the wavenumber 
is much smaller than the real part of the wavevector 
component along the background magnetic field, 
B0 =  B0 z. This permits an approximate procedure [2] 
for calculating the so called dissipation distance =  
(imaginary part of the wavenumber)-1 . The wave 
properties are first calculated in the absence of dissipa­
tion. Then, given those wave properties, it is possible 
to calculate the rate at which the waves lose energy to 
radiation and to heat via viscosity and heat conduc­
tion. Finally, the dissipation length is determined by 
equating the volumetric energy loss rate to the div­
ergence of the surface wave Poynting flux. This proce­
dure obviates the need to calculate a full wave disper­
sion relationship in the presence of viscosity, heat 
conduction and radiation, but it is limited to the weak 
damping limit.

(iv) The plasma density is assume to possess dis­
continuities only in radial direction; both density and 
background magnetic field are taken to be uniform in 
the z-direction.

(v) The background flow velocity is assumed to be 
zero.

We represent a chromospheric fibril or a coronal 
loop by a straight vertical magnetic cylinder of radius 
a, field induction ß 0, gas density g0, gas pressure p 0 , 
and temperature T0 . Outside the cylinder, the magnet­
ic field is ß e % B0, the gas density ge <§ q0, the pressure 
p e, and the temperature Te. In deriving the wave dis­
persion relation we will follow Edwin and Roberts [7]. 
For clarity and completeness, some of our expressions 
for different wave and media quantities will overlap 
those of Edwin and Roberts, but we stress on some 
features as well.

In the absence of dissipation, the linearized MHD 
equations are:
dg
^ + V - ( Qov) =  0 ,  
ot (1)

0® /  I \  1
^  =  -  I7 p  +  7 -  ß o b +  —  (B0 • V) ft , (2)
dt 4 71 4 71

db
— =  V x (v x B0) , 
ot

^  „ • Vp0 =  cl  +  v • Vp0 ),

(3)

(4)

where b is the perturbed (wave) magnetic field, 
c0 =  (yPo/do)112 sound speed (inside the cylinder) 
and 7 the ratio of the specific heats. The other notation 
is standard. With the assumption p 0 =  const, (4) be­
comes

dp 

dt
=  - Q o  Cq A , (4 a)

where A =  V ■ v. On the other hand the pressure bal­
ance implies

a. B° uu B*
P° +  ^ r  =  Pe +  ^rr o 71 o 71

and the perturbed total pressure is 

Bo
Aotal =  P +  t ~ h-. • (5)4 71

The set of (1) —(4) can be reduced to the single equa­
tion

02_
di2 d r

-  (c2o + v l )  V:

. , d2 , 2 ,,2 172+ =  0 , (6)

where vA =  B0/{4 tz q0)1/2 is the Alfven speed inside the 
cylinder.

If the solution of (6 ) is sought in the form

A — R(r) exp( — icot +  inO +  ikz )  (7)

then (6 ) implies that R(r) satisfies the Bessel equation

1 d dR l , n‘ . 
; 0 r r ¥  + l n» - - | / ,  =  o -

where
2 k2 cq — co2 k2 v \  — co2 

n° Cq + v \  co2 — k2 Cj
(8)
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with

T (cl  +  v lY '2
(9)

being the so called tube or cusp speed [7] and

R(r) =  A0 J J n 0 r),  n20 >  0 ,  r < a .  (10)

Here A0 is a constant and Jn is the Bessel function of 
order n.

In the external region, supposing that there is no 
propagation of energy away from (or towards) the 
cylinder, r =  a, the behaviour of R (r) is governed by 
the equation

1 6 dR
r dr dr

and we take

R(r) =  Ae K n(mer ) , m2 >  0 , r > a ,  (11)

where Ae is a constant, K n is the modified Bessel func­
tion of second kind and

, k2c2 — co2 co2 — k2 v \ e 
m: =

with

c2 +  v2e to2 — k2 Cje

Cto —
Te (cl +  v \ e)"2 '

(12)

Here ce =  (y p j g e)il2 and vAe =  BJ(4n  ge)12 are the 
sound and Alfven speeds outside the cylinder. 

Continuity of the radial velocity component

, c l  +  v j  8 ,

k2 vA — co2 dr 

and the total pressure

A o t a i  =  —  (^ o  +  vi) Al co

across the interface r — a then yields the required wave 
dispersion relationship:

/ / 2 2 2\ (me ö)
Qo(k v\ ~  w )m

=  Qe(k2 v2Ae- a > 2) n0

K n(mea ) 

Jn(n0a)

Jn(n o a)
(13)

The dash denotes the derivative of a Bessel function 
with respect to its argument. We note that in deriving 
the expression for vT we took d v j d z  =  0, which is rea­

sonable for the problem at hand (i.e. at cl  <£ vA). The 
dispersion relation (13) governs the propagation of 
waves whose fields are oscillatory inside the cylinder 
and decaying outside. Edwin and Roberts call them 
body waves [7], but they should be termed pseudosur­
face waves [8].

Further we will confine our attention to the so 
called kink modes corresponding to the value n — 1. 
According to [7] a magnetic cylinder has two kink 
pseudosurface modes, a fast and a slow mode. Under 
coronal conditions, Be =  B0, p 0 =  p e, and Q0 >  Qe, the 
fast kink mode has a phase speed close to

g p ^ A + g e  ^ e X ’ 2

go +  g e

(14)

Since we are interested in wave propagation on coro­
nal loops, (14) suggests that dense loops in the corona 
are able to sustain free oscillations with characteristic 
periods on an Alfvenic time-scale (as vA<  oj/k <  vAe). 
It turns out that the same situation is valid for the 
chromospheric fibrils. A simple expression for the 
wave dispersion relation can be derived from (13) in 
the limit of a thin cylinder, \k\a<^\,  and it is [7]:

co i 1 go ge
C 2ck2 ( g 0 +  g e ) 2

x A2 (k a)2 X 0( / e|k|a)J>, (15)

where
m;  2 =  _± — 'i2 - ' Ae C 2L k

c: + v

We note that the fast-kink phase velocity is almost 
constant and this is illustrated on Fig. 4 of [7], Both 
for coronal and chromospheric conditions (B0 =  Be) 
the dispersion relation (15) can be simplified to the 
form

co

where

l _ i ? 2 —ie- ± l H k a ) 2 K 0 (A,\k\a)

Cv =
[2 7r(0o +  0e)] 1/2

(15 a)

(14a)

is obviously a mean Alfven speed for the inhomoge- 
neous medium. We end this section with the comment 
that the fast kink pseudosurface waves (13) in a low-/? 
plasma are cylindrical equivalents of Love waves [9] in 
seismology [5].
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III. Dissipation Length of Fast Kink Surface Mode

As discussed in Sect. II, we wish to calculate the 
dissipation of fast magnetoacoustic surface wave by 
viscosity, heat conduction, and radiation.

The volumetric heating rate due to viscosity, Qvis, is 
[10]

e,i, =  Y ^ 2 , (i6)

where we make use of fact that Svz/dz  =  0 and that the 
ions undergo many cyclotron orbits between colli­
sions. The viscosity is mainly due to the protons, and

rj0 =  1.0x 10“ 16T05/2

(in cgs units, T0 in Kelvins) is the most important of 
the five viscosity coefficients given by Braginskii [10] 
(for a Coulomb logarithm of 22).

The heat conduction flux is carried mainly by the 
electrons. If the electrons are magnetized, the volu­
metric heating rate due to heat conduction, when the 
wave frequency is relatively small (and the waves in­
duce nearly adiabatic compressions in the plasma), 
is [2]

e ,h„  =  * » / £ )  7-0 ( r - i ) 2j 2 , (17)

where [10]

x \\e =  8-4 x 10~ 7 T05/2 ;

the coulomb logarithm is again taken to be 22. The 
value of y we shall assume to be 5/3.

We consider that the plasma is optically thin and 
radiates ANq erg cm - 3  s ' 1, where N0 is the electron 
number density (in cm -3 ) and A is a temperature- 
dependent factor which we take to be 1 0 ~ 24 
erg cm3 s - 1  at photospheric temperatures and 1 0 ~ 22 
erg cm3 s ' 1 at chromospheric and coronal ones [11], 
The volumetric rate at which radiation extracts 
energy from the waves in given by [12]

Qrad =  A N q CO 2 A 2 . (18)

Equations (16)-(18) are the desired expressions for 
the volumetric rates at which the waves lose energy to 
the plasma and radiation field.

The next step in the calculation requires knowledge 
of the Poynting flux carried by the surface wave. 
Since the magnetosonic wave has both a longitudinal 
(acoustic) and transverse mode [13], the time averaged 
z-component of the Poynting flux is

<Sz> = ^ R e  j d r r  J d0 p total v* ■ z
z  o o

q oo 2n
H----- Re f dr r f dO (E* x b) ■ z . (19)

8  7T o 0

If the wave electric field is given by

1
E* = ---- v* x B0

c

after some lengthly but straightforward algebra we 
derive

< S * >  =  ? ~ T 2 1 ^ 0  c20 A 20 D0 J d r r J j { n 0 r ) - Q e c \ A \ D t J  d r r / C 2(mer ) l
2 ck kl I o a )

1 /?2 f a 00 a 1̂  (n r\
+ x - 7 5  ] "0  A l  D20 ] dr r J[2 (n0 r) +  m2 A \  D\  J dr r K \2 (me r) +  A 2 D2 ] dr ——

O Ck K [ 0 a 0 r

+  A I D I  J d r K ‘ (m- r)

where

n _ c o +  ^A n  _ C 2e + v 2Ae
Do 2 2 / ) e

C l - V  a e- C k2

and the overbar denotes the average over the azimuthal coordinate (n =  1). The final form of <S2>, by setting 
A 0 =  ccAe with

Qe Ce +  V \ e  K  1 K  a )cc =  —  ------------  
Qo  Co +  t |  J i ( " o fl) ’
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<SZ> =
n q0 A\

(k fl)2 \ c l  a2 D0 Jo K  a) +  J i (no a) --------Jo (no a) J i (no a)n0 a

K 0 (me a ) - K \ ( m e a) + -----K 0 (me a) K 1 (me a)
a

+  {oc2 D20 [n20 a2 J 2 (n0 a) -  ( 2 -  n20 a2) Jf  (n0 fl)]

+ D2 [(2 +  m2 a2) K j { m e a) -  m2 a2 K 20 (me fl)]} (20)

The damping lenght of the waves is calculated by equating the divergence of the Poynting flux to the negative 
of the volumetric heating and radiation rates, i.e.

d <S,>
dz

where

< 0 )  —  < 6 v i s )  +  ( ö t h e r )  +  < ö r a d )

n a At
Jo («o a) +  J i ("o a ) --------(wo a) («o a)n0 a

1o

+ K l  (me a) -  K 2(me a)

m„ a
+ -----K 0 (mea) K^rr i 'd ) }  — +  x ||e -  J T0( y -1 )2 +  A —

iV0' 2
(21)

is the dissipated power per unit cylinder length. Thus, if we denote the e-folding distance for the Poynting flux 
by Lz, we have

Lz = <sz>/<e>.

Taking the corresponding expressions for <SZ)  and <Q>, from (22) we get

öo

(22)

(/c a) < Cq « Do

öo

(«0 a) +  Jf  (n0 fl)--------J 0 (n0 a) Jj (n0 a)
n0 fl

(me fl) -  (me a) + -----K 0 (me a) K i (me fl)

+  v \  { a 2 Do [«o fl2 J 0 («0  fl) -  (2 -  n 0 fl2) J l («0  fl)] +  Dl  [(2 +  fl2) * 1  (me fl) -  ml  fl2 * 0  K  «)]}

Jo («o a) +  J 2 (»o a) --------Jo («o a) Ji («o a)n0fl 
- 1

+  K l { m ea) - K 2(mea)

+ ----- K 0(me a ) K 1(me a)
m„a

nO . rj,
y  +  ^Ue^O

y - 1
CO

(22 a)

where the value of oo/k has been supposed to be equal 
to ck. This formula shows that the magnitude of L, 
depends on the magnetic field B0 (via da) in the sence 
that the waves dissipate much less efficiently in regions 
of strong magnetic field, and vice-versa. The ability of

surface modes to damp collisonally and heat the chro­
mosphere or corona will therefore be limited to weak 
magnetic fields, as for example in quiet coronal re­
gions.
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Formula (22 a) applies both to chromospheric and 
coronal conditions. Giovanelli [14] has described in 
some observational detail the propagation of waves 
in chromospheric fibrils with periods of about
2 7t/cd =  170s and speeds of roughly 7 0 k m s -1 . Gio­
vanelli pointed out that the disturbances, though 
transverse to the fibrils, involve intensity fluctuations 
and so are not Alfven waves. Furthermore, the wave­
fronts appear to cover only the width of a single fibril. 
Wentzel [15] has suggested that fibril waves are likely 
to be surface modes propagating along a magnetic 
tube, the tube having an internal Alfven speed that is 
lower than the surroundings.

For a low-/? plasma (in chromosphere and corona) 
one would regard fibril waves as an example of a fast 
pseudosurface kink mode or as a propagating mag­
netic Love wave [7], Typical values of the basic 
plasma parameters in the chromosphere (at a height 
of 2100 km) are [16]: T  =  22000 K  (Te »  T0), Ne =  
2.896 x 1010 c m ' 3, p e =  0.184 dyne c m "2, ge =  6.718 
x l 0 " 14g c m “ 3. (These parameters correspond to 
Model D of [16], and they are close to those of Sobo­
lev [17], although the electron number density Ne giv­
en in [17] seems to be too high.) Assuming Q0 / g e = 4 
(i.e. q 0 =  2.687 x 10" 13 g cm -3 and i V0  =  1.16 x 1011 
c m " 3), a phase velocity of the fast kink mode of order 
7 0 k m s ~ 1 might be obtained from expression (14a) 
at B0 % Bc =  100 G (ck =  6.88 x 106 cm s ~ 1). Further, 
taking the tube radius a =  700 km and the wavenum­
ber k =  oj/ck =  5.37 x 10"9 cm- 1 (k a =  0.376 1), 
from (22a) we have L,  =  1.44 x 109 cm. We note that: 
(i) under chromospheric conditions the radiation loss­
es are much larger than the dissipation due to the 
viscosity and heat conduction; (ii) the dissipation 
length L, proves to be longer than the length of fibrils 
~  7000 km.

The fast magnetosonic waves arise in the corona as 
a free mode (with real frequency and wavenumber) 
only for a loop with an Alfven speed that is lower than 
in its surroundings. Thus, actually, only high density 
loops may act as wave ducts trapping fast pseudosur­
face waves. According to Roberts, Edwin, and Benz [5] 
one can suppose that the waves occur as standing 
modes in a loop of length L, the foot-points of which 
are firmly anchored in the high-density chromo­
spheric atmosphere (we remember that the effects of 
loop curvature and gravitational stratification are ig­
nored in order to exhibit clearly the important role of 
field/density structuring of magnetic oscillations). 
With disturbances assumed zero at the ends (z =  0, L)

of the loop, one may take k =  j  n/L for integers 
j  =  1, 2, 3 , . . .  The period i  =  2 u/oj of the fast magne­
tosonic kink mode is given by

T =
2 L 2 ^ 2 n L

j c k Br (öo +  öe >1/2

(8 n £?o)1/2 L I j + Q'

J Br Q o

1/2

(23)

The integer j, which determines the number of nodes 
in the oscillations along the loop, may be taken, say,
1 or 2; these being the modes most easily to excite. 
Taking Qe/g0 =  l / 4, with the help of the relation 
g0 =  1.944 (i mH N0 (where |i =  0.5724 and 
mH =  1.66 x 10 " 24 g) (23) becomes

7.62 x 1 0 "12 L N q12

JB c
(23 a)

We will use (23 a) in order to estimate the magnitude 
of the magnetic field B0 required for sustaining oscil­
lations (standing waves) of period t. (The numerical 
factor in (23a) in front of 1 0 "12 differs slightly from 
that in expression (5) in [5]; this difference is due to the 
fact that Roberts, Edwin, and Benz have assumed 
Qe/Qo 0 ar*d have used a simpler relation between g0 
and N0.)

We consider some observational studies of coronal 
oscillations that may be related to the fast kink surface 
waves. Recently Koutchmy, Zugzda, and Locans [18] 
reported periodicities of 43 s, 80 s and 300 s in power 
spectra obtained in the green coronal line 5303 Ä of 
Fe XIV. They evaluate N0 =  2.5 x 108 c m " 3 and 
r o =  1 . 8 x l 0 6 K. Dermendjiev et al. [19], analyzing 
the periodicities of the same coronal line on the basis 
of a series of 86 photographs, have concluded that 
there exist 280- and 360-second oscillations (shorter 
periods of 120s and 60s can also be observed, but 
they are not so noticeable). The same authors give [20] 
the following value for the temperature in the solar 
corona: T0 = 2.43 x 106 K. In a recent comment on 
the solar atmosphere parameters Athay [21] states 
that the gas pressure in the corona should be 
~  0.1 dyne c m ' 2 and the temperature T0 = 2  x 106 K, 
and in accordance with him we will take N 0 = 
1.8 x 108c m " 3. Assuming; =  2 and L =  1.6 x 1010 cm, 
(23 a) yields B0 =  19 G, 10 G and ~  3 G for the above 
mentioned values of r obtained in [18]. The magnetic 
field of 3 G, required for the occurence of standing 
waves of period i  =  300 s, is close to those magnetic
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fields which exist in the quiet corona [21]. So, after 
calculating all speeds for 300-second oscillations 
(ck =  5.87 x 107 cm s _ 1 for example) and taking 
a =  1.6 x 10^ cm, from (22a) at k =  3.6 x 1 0 "10 cm- 1 
(ka =  0.576 <  1) we get L, =  1.40 x 1012 cm. This dis­
tance is two orders larger than the loop length L, 
which means that at standing wave pattern a notice­
able decrease of the wave amplitude occurs after 
several consecutive reflections; this is consistent with 
the assumption that the waves are weakly damped. 
The shorter-period-pseudosurface modes should exist 
at stronger magnetic fields, and the waves have very 
long dissipation lengths; such waves are then not suit­
able for coronal heating.

IV. Discussion and Conclusion

It is now accepted that the sun probably uses its 
enormous magnetic energy content for heating the 
corona. Such an energy conversion can take place 
both by magnetic reconnection in current sheets [22] 
and also by the dissipation of M HD oscillations, 
which naturally fill the whole atmosphere and which 
can transport energy up from low atmospheric levels. 
Our calculations have shown that the structured solar 
atmosphere can support the propagation of surface or 
pseudosurface waves which might be dissipated by the 
medium. The crude model of fibrils as vertical thin 
cylinders being denser than the outer region in the 
chromosphere confirms the suggestion that they act as 
waveguides. The wave dissipation is due mainly to 
radiative damping (<Qrad> is so large compared to 
<<2vis> and <öther) that the the latter mechanisms 
might be neglected in (21)), which is in agreement with 
the conclusions of Cally [23], made on the basis of a 
more realistic model (waves traveling along a horizon­
tal magnetic field permeated by gravity).

In coronal conditions the energy of fast magneto- 
sonic pseudosurface waves (kink mode) is transfered 
to the medium through the ion viscosity and heat 
conduction. Braginskii’s [10] equation (16) for the vis­
cous heating rate is valid for a collisional plasma 
which requires

co t p <  1 , (24)

where i p is the proton collision time. In our case (hy­
drogen plasma with a Coulomb logarithm of 22) we

At T0 =  2 x 106 K and N0 =  1.8 x 108 cm ~ 3 the corre­
sponding value of T p is 11.8 s. Since for the typical 
five-minute oscillations co =  0.021 s _1, (24) is fulfilled 
(co rp = 0.25). We notice that the viscosity can be effec­
tive as a mechanism for energy wave dissipation in the 
corona only for long-period oscillations (co/2 n >  
1 5 0 -2 0 0  s).

Similarly, (17) for the heating due to heat conduc­
tion is valid only if the electron mean free path, / e, is 
short enough so that

k Ae <  1. (25)

Bearing in mind that [10]

Ae =  4.9 x 103 Tq Nq 1 cm ,

i.e. for the problem at hand ke =  1.1 x 108 cm, with 
k = 3.6 x 10 ~10 cm “ 1 we have k / e =  0.04. This means 
that at typical coronal conditions and at lower fre­
quencies the heat conduction dominates the viscosity. 
The latter is confirmed by comparing <Qvis> and 
(öther) i° calculating Lz. In contrast to the chromo- 
spheric fibrils, the wave damping in coronal loops due 
to radiation is small.

As we have mentioned, the fast magnetosonic 
waves, due to their hybrid nature, carry both acoustic 
and electromagnetic energy flux. For chromospheric 
and coronal conditions, however, the contribution of 
the acoustic part to the wave power, <SZ), is negligibly 
small. Thus, for a rough estimation of the dissipation 
length, L ,, one can drop in (22 a) the terms (in the 
brackets) multiplied by cl  and c\ .

A “weak” point of the mechanism of wave dissipa­
tion examined in this paper is its extreme sensitivity to 
the magnitude of the magnetic field. Increasing B0 
slightly can drastically increase L z . That is why it 
seems reasonable that the waves considered here can 
dissipate effectively if B0 <  5 G and the wave period 
t  > 200 s. This conclusion does not agree with that of 
Gordon and Hollweg [2], who state that only surface 
waves with periods shorter than a few tends of seconds 
might heat the corona. The existence of short-period 
oscillations requires, however, stronger magnetic 
fields which in turm means extremely long dissipation 
lengths. If one accepts Athay’s [21] estimation that for 
quiet coronal regions the magnetic field should be a 
few gauss, then the long-period (say 5-minute) oscilla­
tions can be effectively dissipated. For lower magnetic
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fields the pseudosurface mode quite poissibly becomes 
a pure surface one (i.e. the Bessel functions J0, J l are 
replaced by the modified ones / 0, [7]), but in a thin 
cylinder limit (k a <1) there is practically no difference 
between the two kinds of waves. In both cases the 
wave field inside the cylinder is almost constant and 
decays in radial direction outside the column.
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