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Abstract

We study the temporal behavior of the intensitysmitules and macro-spicules at the solar limb as
observed by TRACE (Transition Region and Coronddegp in the 1600 Achannel and obtain some
evidence of spicule oscillations, using the wavatetlysis techniques.

The time-frequency analysis provided by the wawlatysis shows a temporal behavior of spiculek wit
recurrences at periods of about 200-260 seconds aviiypical lifetime of 10 minutes. Finally, wedaliss
two scenarios regarding the origin of spicule dsgibns.

Key words. Sun: spicule oscillations-Method: wavelet analysis

1 Introduction

Sandwiched between the solar photosphere and theads the chromosphere, an irregular layer of hot
plasma at temperatures of 6,000-60,000 K. Mosthobrmospheric radiation in quiet sun regions comes
from spicules and macro-spicules, which are jet-tthromospheric structures, that erupt from thestow
chromosphere at speeds of around 25 km/s, reatigigits of 6500 to 20,000 km before fading out of
view or falling back towards the solar surface aaste diameters, all along their length, of only -POQ

km and a temperature of about™1K. Spicules are usually seen all around the limthefsun; on the disk
they are historically called mottles in quit sugioss but they should not be confused with theil§ilof
lower altitudes (see Athay 1986). They usually sheowgroup behavior and are concentrated between
supergranule cells (see e.g. the review of Ste@d@0). At any given time, there are at least 60,@0
70,000 spicules on the solar surface (Zirin, 198&)ough Athay gave a much larger number. Typical
lifetime of spicules are 5-15 minutes and comparabl those of the photospheric granules. Macro-
spicules or spikes appear to be giant spicules.

Macro-spicules were discovered from the Skylab He(304 Ac) imaging experiments. Their
temperature structurdogT > 4) extends into the transition region (TR) tempaned and their heights
extend into the corona (Bohlin et al. 1975).

The mechanism of spicule formation and evolutien not well understood (for the propulsive
mechanisms, see reviews of Sterling 2000; LorraiKdtchmy 1996; Filippov, Koutchmy and Vilinga
2006). The investigation of solar spicules is neagsin order to understand the transition regibR)(
and the coronal heating (Kudoh & Shibata 1999). Mag-acoustic waves propagate upward along the
magnetic field lines and transfer energy from thetpsphere to the upper atmosphere where it may get
dissipated by resonant absorption (Walsh & Irelaf@3; Kudoh & Shibata 1999). The propagation of
MHD waves through the chromosphere with shorteiopethan the spicule lifetime can be traced through
spicule observation (Kukhianidze et al., 2006). ¥héstence of 5 minutes oscillations in spicules,
reported first by Kulizhanishvili & Nikolsky (1978and more recently the existence of 3-5 minutes
oscillations in dark mottles by De Pontieu et @0Q03), seem confirmed with periods that we obthiime
this article using a different method. This diagimsan be improved by the use of the wavelet aigly
which is a very powerful tool to obtain information the temporal behavior of an oscillatory sigisale
Baudin, Bocchialini and Koutchmy 1997).

2 Observations and | mage Processing
The data used in this work consist of long sequent®bservation of spicule from the Transition Rag
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and Corona Explorer (TRACE)1600° UV continuum channel on 2002 July 6. The 1@0Cchannel has
a temperature sensitive range d 410 x10°% K (Handy et al.1999). Duration is 58 minutes fr@ro9

to 8:07 UT, with spatial resolution of respectivel;l/ (= 0.5”pixel_1). The time interval between
successive frames was 15 s. Since the images alae by the TRACE satellite, we do not have Earth's
atmosphere seeing effect (especially image motimh distortion) and therefore images were carefully
aligned. The images can be found at the TRACE Viteb(attp://trace.Imsal.com/trace-cat.hjml

(a)

Fig.1: Jet-like structures in the upper photosphere frdrsesvations taken in 1600 A
UV channel, before (a) and after (b) denoised uflagbechies-4 and after (c) using the
unsharp mask. In (c) we can see spicules and mgmitades with possible small loops at their feet.

3 Time Series Analysisusing the Wavelet Transform

The temporal information is obtained by computihg torrelation of input signaf (t) with a mother
wavelet function{//, which is a function of finite duration in time(ete duration has to be precisely

defined, see Baudin et al., 1994 & Christopouloal et
2003):

CWT(s,t,) = j f () (s t)dt (3-1)

Wheres is the wavelet scale and variationt@fllows the translation of the analyzing waveletiine. The
variation of these two parameters leads to the/figguency localization. Several different mother
wavelet functions can be selected, but when apptieah oscillatory signal the best choice is therlbto
wavelet (Grossmann & Morlet 1984). The Morlet watdb just a sine wave modulated by a Gaussian
window:

w®) = cost ex;{—l(i)ﬂ (32
S S 2's

A wavelet coefficient CWT (Continue Wavelet Tramsfis) depends on two parameters, the time t and
the scales. Thus it will provide information around timeand around frequency = 1/s. The global
wavelet spectrum is an averaged power spectrunalfahe scales and frequencies. It is similar to a
smooth Fourier power spectrum and it is definethassquared modulus proportional to the energhef t
signal. This information will be displayed in twdantensional plots, showing variations of the energy
with time and frequency. One of the main problemshis method is to optimize the resolution in both
time and frequency domains; the paramktef Eq. (3-2) of the wavelet allows the resolutiorbe set to
the required values. For larger values kpfwe get a better frequency resolution but poonee t
localization, in agreement with the Heisenberdatian (Baudin et al., 1994). We chodseb which is a
good compromise between time and frequency resolusio as to be able to study the temporal vanatio
which satisfactory time localization and a frequeresolution significantly accurate.

4 Discussion-Results
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In this section we analyze the time behavior of dkeillation power spectrum averaged over the entir
spicule.
In Eq. (3-1)fis the averaged power spectrum given by:

1 N
f ZNZ |2 (4-1)
n=1

Where | is the intensity of pixel and N is the tatamber of pixels over the selected spicule. Beeau
spicule oscillations are spatially two-dimensiopalenomena, we risk a reduction of the signal, since
oscillations with different phase relation will ca@h each other. However, wavelet analysis minimibés
risk since its basic property of time/frequency alimation permits the discrimination of different
oscillations even if their amplitude is low. The wetet analysis of the oscillations averaged over th
entire spicule can give us a first account of tiegdiencies of the significant oscillating modeswa$i as
whether they are continuously present with timeame of them appear only in different parts oftthie
series. The results for the two different spicaes shown in figure 2-a, b.

In this figure the left plots show the resultstod CWT: The horizontal axis is the time in

second, while the vertical axis is the frequencyg@nHBrighter color corresponds to higher power (95%
confidence ) of the wavelet coefficients. The righits show, from a precise investigation of theveo
variations, periodic time of spicule oscillatioMe have investigated 20 different spicules andinbth
that nearly 30% of them show periodic behavior.

Our results verify that the intensity power spegtrshows distinct peak for periods of about 200-260
seconds, with frequency around 4.5 mHz (spiculesvsh typically range of lifetimes from 500 to 600 s
for 3 cycles). Spicules rise rapidly and reachhiirt maximum height (after about 1-2 minutes), rema
about 1 minute in this phase, and then start tdé&dk down.

Power
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Fig. 2-a, b: Left plots show time/frequency variation of the poapectrum for two different spicules and
right plots, the power spectrum curves (power gpectvs. time) and show that most of spicule
oscillations are not steady harmonic wave, but waams of finite duration.

An important question is: What is the cause of éhperiodic flows? Based on this consideration, our
suggested scenarios are the following:

() The periodic upward & downward motion of spiculeult de due to the nonstationary character of
granular motion (see Baudin at al. 1997) i.e., dp& can be oscillated when granules move respect t
each other.

(i)These oscillations seem to be relatedptmodes, but it is evident that if spicules are enivby p-
modes, crucial details about their formation aik rsissing. Clearly, not all spicular flows arerpslic,
whereas most photospheric oscillations are. Intaddithe horizontal scale for amplitude cohereoicp-
modes & 8000 km) is well beyond the width of fibrils (De fiizu 2003).

However, we should be remark about the increasfripen local acoustic cut-off periodP€) inside the
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spicule because of the higher temperatures andg rimaportantly, the inclination of spiculé?c
dramatically increases from 180s, in the upper @putiere, to more than 300s inside the spiculessee
Pontieu et al. 2004). So, spicules and macro-sgscallow significant leakage and propagationpof
modes (periods of 5min) from the photosphere into the chromosphere and TR.

Several authors have studied the temporal variatfdhe intensity of the TR and chromospheric saéct

lines. Doyle at al. (1998) found that the intemstiof the TR spectral line (O V 626180) show
oscillations with dominate periods around 250s wWifistime was approximately 10-15min and for the

chromospheric spectral line (Hel 5840) oscillations appear with periodicity of 220s atygpical
lifetimes were about 10-20 min. Moreover, slightlifferent values of periods and lifetimes of the
intensity oscillations for the transition regiondachromosphere have been reported by Hansteen et al
(2000); Banerjee et al. (2001) and more recentl@bynory et al. (2006).

However, our results suggest that a majority of theomosphere and TR oscillations are directly
associated with periodic flows in spicular struesjrbecause their periods and lifetimes are equal.
Acknowledgemesit TRACE is a mission supported by NASA and Lockhe€de authors are most
grateful to F. Baudin for useful discussions anitioad reading of the manuscript. Image processing
wavelet software was provided by O. Koutchmy (Wipyw.ann.jussieu.fr/ koutchmy/index-newE.html).
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Dynamical Evolution of Magneto-Acoustic Modein a Spherical
Shell: Application toroAp Stars

Shahram Abbassi
Department of Physics, University of Basic sciences, Damghan, Iran
Michel Rieutord

Laboratoire d’Astrophysique de Toulouse, Observatoire Midi-Pyrénées, 1/ avenue E. Belin, 31400
Toulouse, France

1. Introduction

The study of oscillation of magnetic stars is a field in which there are many unsolved questions. Since
helioseismology revolutionized our knowledge of the solar interior, grate advances in stellar structure and
evolution theory are expected from astroseismology. Major efforts including space missions are under way

to detect pulsation frequencies with unprecedented accuracy across the HR diagram (Walker et al., 2003).

Numerous astrophysical system exhibit a pulsating behavior which maybe significantly affected by the
presence of a strong magnetic field. Among the many observational facts are the high frequencies of the
modes observed, which can be higher than the theoretical critical cutoff frequency for acoustic modes in
these stars, their apparent alinement with the magnetic field, and the fact that some modes cannot be
described one single spherical harmonics. The roAp stars are probably the most striking examples of such
systems and have been the focus of intense work in recent years. Rapidly oscillating Ap stars (roAp) stars
constitute a low temperature subgroup of the chemical peculiar A-type (Ap) stars with strong Sr, Cr, and
Eu overabundance. The first star of this class, HD 101065, was discovered photometrically in 1978 by Kurtz
(Kurtz 1978, Kurtz & Wegner 1979). Presently, the group counts about 30 member. As the roAp stars lie in
the instability strip close to the main-sequence they are thought to have masses between 1.5 to 2M . The
roAp stars show strong surface magnetic fields exceeding frequently some kilo Gauss with the magnetic axis
being inclined relative to the star’s rotation axis. From the temporal phase behavior of the magnetic field
during a rotation period, a dominated dipole topology was derived for these stars global magnetic fields.
Any seismological study of roAp stars must take into account the presence of this strong magnetic field.
A lot of studies have been done to explain the seismological observations of these objects. However, they
have been limited to the linear and adiabatic approximations. Even in this case, The difficulties due to
magnetic field remain numerous. recently Rincon and Rieutord (2003) investigated the axi-symmetric shear
AlfVen waves in a spherical layer of an incompressible resistive fluid when a strong magnetic field is applied.
They showed that the least-damped Alf¥enic modes naturally concentrate near the magnetic polar axis. The
study presented here continues the work started by Rincon and Rieutord (2003), where continued by Reese,
et al. 2005 who investigated toroidal Alf¥en modes and extended it to in a compressible fluid. We want to
calculate the effect of a strong dipole magnetic field on the magneto-acoustic oscillations of roAp stars with
the magnetic boundary layer considerations.

The star we work with is a spherical shell of compressible plasma of density po, with a radius R and an
aspect ratio n = 0.35 in a dipole magnetic field back ground. The governing equations are:
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We are interested in perturbations to the magnetic, velocity and pressure. Therefore, those two fields
will be expressed as the sum of a permanent component and a small perturbation :

B=B,+b #=% p=p,+p
we use the following underlined dimensionless variables:

r = Rr, V= 104Y, B = ByB, t= E‘g, p = v7Apop, ¢, =—,

We apply the linearized magneto-hydrodynamic equations to the kinetic ¥ and magnetic b perturbations

(we drop the underlined notation). We assume these perturbatlom have a time dependence of the form e,
where A = 7 + iw (7 is the damping rate, w the pulsation and 42 = —1). This leads to the following set of
equations:

V-b = 0,

Mp = V.7,

N = =Vt ((V xB) x B) + BAT+ V(Y- 9)), 1))

N = ﬁx(va)—‘— E b

The parameters F, E,, A and V4 are non-dimensional forms of the kinematic , magnetic diffusivity,
coupling coefficient and Alféen velocity, respectively that they are given by the following expressions:

_ v _ Vm _ (YA
" Ruy’ Em_R?)A’ A_(cs)’ 2)

2. Harmonic projection

To solve the eigenvalue problem expressed by Eq. (1), we project the set of equations on the spherical
harmonics in a similar way as in Rieutord (1987, 1991). The velocity and magnetic perturbed fields are

expanded as:

ufn i +?)fﬁ5’}5” w E ,
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in which R}*, S}*, and T are the normalized spherical harmonics:
_‘71'7,_ m = _"'m,_ ,_‘ m _‘n_ ‘—a m
¢ =Y, S =rVYT, T =rV XYM

where the poloidal part of the velocity (resp. magnetic) fields (uf,, vf, )(resp. af,,b’,) and its toroidal part

‘my ’m

uf, (resp. cf,) have been introduced. Eq. (1) formally reduces to the generalized problem:

Az = \Bz, (4)
where A and B are differential operators with respect to r variable only and 2z is an eigne vector which
associated with the eigenvalue A.

Eignemodes and eigenvalues are calculated numerically using two different methods. the first method,
based on a QZ algorithm, gives all the eigenvalues (for the discredited problem) whereas the second method
is an iterative Arnoldi-Chebyshev algorithm which only computes a selection of eigenvalues and their corre-
sponding eignemodes.

In our numerical calculations we used a simplified version of Eq. (3). Since diffract m are decoupled,
we do not have a summation over the azimuthal order. Furthermore in the case axisymmetric modes, the
summation on £ will actually start at 1 instead of 0 as a results of our boundary conditions. In the non-
axisymmetric case, the summation on £ will start at |m/| as expected. Finally, the sum on the spherical
harmonics is truncated at L. This leads to the following formulas:

L
= ? pm 7 om 0 Pm
b = E u R+, Sy +w., T,",

b=Lmin

L
b=Lomin

L
po= >, LY

b=Lmin

Rupl
I

wt

Each of the functions u s

i al, and cf, is written in the form of a truncated Chebyshev series:

(1) = YT (T,

We also define the Chebyshev and harmonic spectral decompositions:

mase i, () mas i (k)

&k — ~ L= T 7 i~
e i, (F)] mese i ()

They are useful for characterizing certain aspects of a mode’s structure as well as the convergence of the
discrimination.

3. Analytical and Numerical Treatment

In this section we will discus the basic properties of magneto-acoustic modes. We know that in a
compressible magnetic media we have three categories of oscillations: Alf¥en modes, fast and slow magneto-
acoustic modes.
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If we ignore magnetic field and all kind of diffusivities, we can find some analytical solutions which they
are very good samples for testing the numerical solutions in these limitations. We investigate both toroidal
and poloidal magneto-acoustic modes. In many ways, the eigne values spectrum of pure Alf¥en modes is
similar to that of Rincon et al. and Reese et al. at very law A (coupling coefficient). The complex eigne
value can be seen In Fig.1

As we see the eigne modes are strongly featured by the background magnetic field and coupling coeffi-
cient. We also plotted some eigne modes in different F, E,,,, A.

In this Case we are interesting the evolution of some elected modes where A (coupling coefficient) plays
an important role in the structure of modes.

To display the structure of the modes we plot the kinetic energy and viscous dissipation in a meridional
plan. The kinetic energy reveals the amplitude of the velocity field of the mode while the dissipation of
kinetic energy shows the effect of viscosity (E-number) to the structure of the mode. In all cases presented
we have used stress free boundary conditions. The first point that seems in the results is that the effect
of coupling coefficient on the features of the modes. With adding the coupling coefficient we can increase
the term ((V x ) x B) in the main equations. The eigne values spectrum for A =1, E = E,, = 10~3 are
presented in Figl. We chose 5 special low damped mode to following the effect of the variation of E, F,,, A
on the mode structure and mode features.

w T
mode N1 | 5.43338868186095E+00 | -8.26099172204302E-02
mode N2 | 5.29562886082121E+400 | -1.93863633419042E-01
mode N3 | 5.78257377358416E+4-00 | -2.33968373748159E-01
mode N4 | 9.69575330442709E4-00 | -2.00551225150680E-01
mode N5 | 1.00273989837437E~+01 | -1.78244231153888E-01
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Strange Stars

G.H. Bordbar ! M. Bigdeli >

Physics Department, Shiraz University, Shiraz 71454, Iran,

1 Intruduction.

Neutron star(NS) are some of the densest of massive objects in the universe. Maximum mass
of neutron star is subject that theoretical astrophysicist desire to compute it. To calculate
maximum mass we require enough information about composition of star. Different composition
lead to different equation of state(EOS). When nuclear matter is compressed to densities so high
that the nucleon cores substantially overlap, one expects the nucleons to merge and undergo a
phase transition to deconfined quark matter. Such a system could be realized in two possible
way: (a)complete strange quark matter stars(b)neutron stars with a core of quark matter.

In this work, we calculate the structure of the neutron star with a quark core and also
strange star, and compare our results with our pervious works in which we investigated the NS
structure without a quark core [1].

For the deconfined quark phase, within the MIT bag model [2], the total energy density
is the sum of a non-perturbative energy shift B, the bag constant, and the kinetic energy for
non-interacting massive s quark with mass m = 150MeV and massless u and d quarks(By
assumption) and Fermi momentum k},f) = (ngfﬁ where p; is the quarks density of flavour f.

3 mic
"= 8 w2h°

S 3h g
[#v/a +1(22% + 1) — sinh " 2] + 2—;(7T2p)§ +B (1)
T

!E-mail : Bordbar@physics.susc.ac.ir

2E-mail : Bigdeli.mohsen@gmail.com
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Neutron Star Strange Quark Star
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Where = hkp/mc , ps = pa = pu = p, p is baryon density, and eg = E/V . The bag
constant B, has constant value such as B = 55,90M eV in the initial model of MIT. The EOS

three flavor quark matter given by:

P, <@ (2)

2 Strange quark stars.

We can calculate the structure as a function of central mass density, €. , by using the equation
of state and numerically integrating the general relativistic equation of hydrostatic equilibrium,
Tolman-Oppenheimer-Volkoff (TOV) equation|[3].

Calculations are done for constant B = 90. We calculate the mass and radius of the
NS with quark core. The calculations are also repeated for the strange star (i.e. pure quark
matter). We plot the NS mass versus radius for quark core NS and strange star in Figure 1. For

the sake of comparison, we have also plotted our previous results of the neutron star structure
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Table 1: Maximum gravitational mass (Mpax), corresponding radius(R) and central mass

density(e.) for B = 90.

star Mumax (M)  R(Km) e.(10gr/cm?)
NS 1.98 9.81 27.17
NS+quark core 1.57 9.73 33.27
stange star 1.34 7.7 34.81

without quark core, in these figure. It is seen that there is a profound difference between the
new results for NS with a quark core and those of NS without a quark core.

The extracted maximum mass of a NS and the corresponding radius and central mass
density is presented in Tables 1. It is seen that the inclusion of the quark core leads to a
considerable reduction of the maximum mass, while the radius is not affected appreciably. Note
that the maximum mass for the NS with quark core is quite near to the observed maximum
mass of neutron stars [4].

The maximum mass energy density versus the radial coordinate for NS without core,
NS with a quark core and strange star are plotted in Figure 2. It can be seen that a major part
of the core is composed of pure quark matter (about 8 Km). A layer of mixed phase (thickness

about 1.5 Km) exists between the core and a thin crust.
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The Effects of Density Stratification on Oscillations and

Damping of Standing MHD Quasi Linear Modesin Solar Coronal L oops

K.Karami*? & A. Asvar?

'Department of Physics, University of Kurdistan, d&asan St., Sanandaj, Iran

?Institute for Advanced Studies in Basic Scienc&SBS), Gava Zang, Zanjan, Iran

Abstract

The standing MHD quasi linear modes in a z@roylindrical magnetic flux tube that

undergoes a density stratification in both the abdind the longitudinal directions is
considered. The dispersion relation for the fastMibbdy waves is derived and solved
numerically to obtain the frequencies of the fundatal and the first overtone modes of
both the kink and fluting waves. Damping rates doieboth viscous and resistive
dissipations in presence of the density stratificats derived and solved numerically
for the first two modes of both the kink and fligiwaves.

I ntroduction

Transverse oscillations of coronal loops were fidsntified by Aschwanden et al.
(1999) and Nakariakov et al. (1999) using the olztesns of TRACE. Verwichte et al.
(2004), using the observations of TRACE, detectntiidtimode oscillations for the first
time. They find that two loops are oscillating ioth the fundamental and the first-
overtone mode. According to the theory of MHD waves uniform loops the ratio of
the period of the fundamental to the period of fire overtone is exactly 2. But the
ratios found by Verwichte et al. (2004) are 1.8# 4r64 and thus clearly differ from 2.
This may cause due to the effect of stratificaiiothe loops. In the present work, our
aim is to investigate the effects of density sfi@tion on oscillations and damping of
standing MHD quasi linear waves in the cold cordoaps observed by Verwichte et al.
(2004) deduced from the TRACE data. To do thiscambine the techniques of Papers
[5,8,9,10] and of Andries et al. (2005b).

Numerical Results

The effects of longitudinal density stratification both the frequencies and damping
ratesa are calculated by numerical solution of the disjwer relation [6]. The results
are displayed in Figs. 1 to 6. Figures 1 to 2 sli@guency and damping rate of the
fundamental and the first overtone kink mode1) versus the stratification parameter
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pu=L/TH for a loop with constant length and varying sdailght. Figures 1 to 2 reveal
that both frequenciesy,, w, and the damping rateg;, a, increase whem increases.
These results are in agreement with the those radataby Andries et al. (2005b) and
Arregui et al. (2005). Figures 3 to 4 display tlaene results as in Figs. 1 to 2 for the
fluting modes =2). However, Figs. 1 to 4 do not show a noticeatiféerence
between the kink and fluting modes, but our nunan@lues shows that for a given
stratification parametat, the frequencies and damping rates increase sligiten the
azimuthal mode numbean increases. The ratio of the frequenciegm; of the first
overtone and its fundamental mode for both the kinkl) and fluting (n=2) modes are
plotted in Figs. 5 to 6, respectively. Figures shbat for both modes, the ratio of the
frequencies decrease from 2 (for unstratified loapyl approaches below 1.5 with
increasing the density stratification. This ressltin accord with that obtained by
Andries et al. (2005a) and Safari et al. (2006).rRel, Tu=1.9, and 2.6 the rati©,/w;
are 1.815 and 1.646, respectively. These are ird gapeement with the frequency
ratios observed by Verwichte et al. (2004), ¥@25 and 1.640.23, respectively
deduced from the observations of TRACE.

Kink Modes (m=1)

Kink Modes (m=1)

o

o o1 02 03 04 05 D06 07 08 08 TR R T T
p=LtnH p=LinH

0 01 02 03 04 05 0.6 0.7 0.8 0.8 0 0.1 02 03 04 05 0.6 0.7 0.8 0.8
p=LimH p=L/mH

Fig.1. Frequency of the fundamental kink mode (m=1) Fig.2. Same as Fig. 1, for the first-overtone
kink.

and its damping rate as a function of the straifim

parametep=L/TtH for a loop with constant length and

varying scale height.
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4 05
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Fig.3. Frequency of the fundamental fluting mode

fluting.
(m=2) and its damping rate as a function of the
stratification parametgr=L/1tH for a loop with

constant length and varying scale height.

Kink Modes (m=1)

01 02 03

04

06

07 08

09

:
05
p=L/zH

0

Fig.5. Ratio of the frequencias,/o, of the first

0.6 07 0.8 08

Fig.4. Same as Fig. 3, for the first-overtone
Fluting Modes (m=2)
0 0‘1 0‘2 0‘3 0‘4 0‘5 0‘6 0‘? OIS OIS
u=LinH

Fig.6. Same as Fig. 5, for fluting modes<2)
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overtone and its fundamental mode versus
p=L/1tH for kink modesr=1).

Conclusions

Oscillations and damping of fast MHD body wavesanonal loops in presence of both
the radial and the longitudinal density stratifioatis studied. To do this, a typical
coronal loop is considered as a straight pressssagindrical flux tube embedded in a
constant background magnetic field. The densityegain both the radial and the axial
directions. The Linearized MHD equations, when dissipation is absent, are reduced
to a Bessel's equation for the longitudinal comporeé the perturbed magnetic field.
The dispersion relation is obtained and solved migaky for obtaining the
fundamental and the first overtone frequenciesath lthe kink and the fluting modes.
The damping rates of oscillations due to the regisind viscous dissipation in presence
of the stratification is obtained and solved nucaly. Our numerical results show that:
i) Both frequencies and damping rates of the fundaéahend the first overtone modes
of both the kink i'=1) and fluting (=2) waves increase when the stratification
parameter increases) The ratio of the frequencies/w; of the fundamental mode and
its first overtone for both the kink and the fllgimodes is lower than 2 (for unstratified
loops) in presence of the longitudinal densitytgtcation which are in accord with the
TRACE observations.
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