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Composite eclipse 99 image(IAP)/ simultaneous Lasco-C2 (SoHO) image

�
       �<O����������
�����W���5��B�n5tt�!��H!"0	=���T��H��B��'� 

       ������Lasco –C2 (SoHO)9�
�@Z\�����4��)����&=���	4	3�-
/������<��!�*����
signal/noise�1���-�f!��!�
-�CCD�
������
�^ 

�����0B��)!=�!.�!��<���5�/��B0+5{H���"�j!WB�C5B��&��U�/�\�"!;B'�( !���H!O"���	?�'/��.M�"�\�O�5����
''����"��B�J{�x��x�<O��|�9�/�Q-	'��(g�@3�����X���+���1� )�S������Hawai��g���g��XHE���
	4����
-�

/�	Q����*/����
�-��*�
/�
�$�-�1��-�<'�89�
'!�;>�J��B�;[��'�'�Z!+2��H��5��"��[x�

� �Z)��StreamerI���!�=��
I��\�r�&s��1����+<8	����I� ������� ; ���f�$�3�1���-	��1/�Q-	'�m�4� -�� � �D
/>




��������
��
��	�������$�����
����������������������&�
'����
��((
)
���!�*�+��
����,*-.d���
 !�"�#��������������������������
 

"

/&Q�!�9�	Q��<3����X��-���<\��!�m�4�J�������(A\��-���g�@8
�x
/�
����<
 ���
�$����D����1��-�<'�8�b�(G4�9��

� -�� */Q� */�����1��-�<'�8�b�Z%H��(T=0.01MK)�1����Y'���/&?� -�I�� ^FeX (T=1MK)I�FeXIV 

(T=2MK)�-����W-L (densities)9�/�(g��
��g����������\����(g�@3�����+& !�$������;rE4�b�(G4�����$�4
/Q�!����m�4�J�������!�u8���1���,��(g�@3�������IRAN-IAP�9.���!����$
��-	n!��(Z%��+&��
���!�@3�����


EUV EIT/SoHO� -�� ����F4�HeII� ��Fe XII@8
� */Q��<3���1����k	n'�� 9����Zn%�1���v�����&V
�
	3/��-����-�
�!�m�4�; ��-��\!�1��-�<'�8��
��g�
-�� �
-�9�bfQ�-�"�bG���
��:3���������
�*/Q�/P-�1���@3���

/�	Q����*/������W<��1��9�
�

27

Polar plumes and jets

Polar plumes observed from 
SoHO, in W-L and in EUV 

line of Fe XII, 
from Wang et al.   

Polar plumes from HAO, 
exp-t « Peppi », Curaçao 1998  

Polar plumes from the 1995 
eclipse (amateur observations)

�
�
����<O�G����)�������i!5��'�!�2�����/��WTM�)!=���Jx�

�
��<f78
� 1���� -�f!� �!� */Q� /P-��(g�@3��� ��&V
�� -��x
��Mii�� �	+�
� -�� ��( Ch. Viladerich &S. 

Koutchmy)�j�=Q��!
�!���/&?�1� <3�\�� -��1/�Q-	'� *����R��	4��� �
�
�1� ���<f)
��)�+?����g� 
/���@ >�
�
-��
 ��B��<���	W)
����4	P�m
	�
�@��8��!�*�E���\�r�&s���
/���-	:H�-��� �
-	3�z�<\��@��8���/�Q-	'

@8
�*��g��D
-
�9����'���<	,��B!���2�D[�

)�����+�.2���
�@3����X��-���(g�1���@3���/P-�-��
-��P	FO���(�'�Y�
�Q��<\��!�����^�

��d�bfQ�@8
�/&4�-��\!�m�4�-��/�Q-	'��Z)��
��(P�3�N\H��!����=Q�1� 4/Q�N�Q
��L�9��
�bf�����
�bH�1
�!
�g�4������W<��1�������-	��1� ������
�������=Q�1����<(�3��g�*��W<8
�/��!�����F4�N9�




��������
��
��	�������$�����
����������������������&�
'����
��((
)
���!�*�+��
����,*-.d���
 !�"�#��������������������������
 

L

Md@Q
���X��/��-��/��!�
-��W8	���g�{�r��������	>��W�r�@�3�WQ�9�
"d��g�*��W<8
�|	FO��e�-�!�-��\!��('
/4�1���<(�3��
�9�
Ld@Q
���r�O!�$���
-�������W\
4
��<
H
$���
�_
��1/P-��
$� �4���	
����	�8��/����!
�4�R!�4��<\��!�9 �

33

The radial gradient of 
intensities is large. 

Solutions: i/use a radial 
neutral filter or ii/ multiple 
exposures and composite. 
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One of the 
best image 
never made of 
the solar 
corona: 
eclipse of 2001 
in Angola...

Composite of 
8 single 
photographic 
images taken 
using a small 
portable set-
up with F=1.8 
m and 
computer deep 
processing by 
Milo 
Druckmüller
(Brno). 
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up with F=1.8 
m and 
computer deep 
processing by 
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Abstract 

 
We study the temporal behavior of the intensity of spicules and macro-spicules at the solar limb as 
observed by TRACE (Transition Region and Corona Explorer) in the 1600 A° channel and obtain some 
evidence of spicule oscillations, using the wavelet analysis techniques. 
The time-frequency analysis provided by the wavelet analysis shows a temporal behavior of spicules with 
recurrences at periods of about 200-260 seconds with a typical lifetime of 10 minutes. Finally, we discuss 
two scenarios regarding the origin of spicule oscillations. 
Key words. Sun: spicule oscillations-Method: wavelet analysis�
1 Introduction 
Sandwiched between the solar photosphere and the corona is the chromosphere, an irregular layer of hot 
plasma at temperatures of 6,000-60,000 K. Most of chromospheric radiation in quiet sun regions comes 
from spicules and macro-spicules, which are jet-like chromospheric structures, that erupt from the lower 
chromosphere at speeds of around 25 km/s, reaching heights of 6500 to 20,000 km before fading out of 
view or falling back towards the solar surface and have diameters, all along their length, of only 100-200 

km and a temperature of about 104 K. Spicules are usually seen all around the limb of the sun; on the disk 
they are historically called mottles in quit sun regions but they should not be confused with the fibrils of 
lower altitudes (see Athay 1986). They usually show a group behavior and are concentrated between 
supergranule cells (see e.g. the review of Sterling 2000). At any given time, there are at least 60,000 to 
70,000 spicules on the solar surface (Zirin, 1988) although Athay gave a much larger number. Typical 
lifetime of spicules are 5-15 minutes and comparable to those of the photospheric granules. Macro-
spicules or spikes appear to be giant spicules. 

 Macro-spicules were discovered from the Skylab He II (304 A ° ) imaging experiments. Their 
temperature structure (logT > 4) extends into the transition region (TR) temperatures and their heights 
extend into the corona (Bohlin et al. 1975).  
 The mechanism of spicule formation and evolution is not well understood (for the propulsive 
mechanisms, see reviews of Sterling 2000; Lorrain & Koutchmy 1996; Filippov, Koutchmy and Vilinga 
2006). The investigation of solar spicules is necessary in order to understand the transition region (TR) 
and the coronal heating (Kudoh & Shibata 1999). Magneto-acoustic waves propagate upward along the 
magnetic field lines and transfer energy from the photosphere to the upper atmosphere where it may get 
dissipated by resonant absorption (Walsh & Ireland 2003; Kudoh & Shibata 1999). The propagation of 
MHD waves through the chromosphere with shorter period than the spicule lifetime can be traced through 
spicule observation (Kukhianidze et al., 2006). The existence of  5 minutes oscillations in spicules, 
reported first by Kulizhanishvili & Nikolsky (1978) and more recently the existence of 3-5 minutes 
oscillations in dark mottles by De Pontieu et al., (2003), seem confirmed with periods that we obtained in 
this article using a different method. This diagnostic can be improved by the use of the wavelet analysis, 
which is a very powerful tool to obtain information on the temporal behavior of an oscillatory signal (see 
Baudin, Bocchialini and Koutchmy 1997). 
�

2 Observations and Image Processing 
The data used in this work consist of long sequences of observation of spicule from the Transition Region 
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and Corona Explorer (TRACE)1600 A ° UV continuum channel on 2002 July 6. The 1600 A ° channel has 

a temperature sensitive range of 4.0 - 10 ×103  K (Handy et al.1999). Duration is 58 minutes from 7:09 

to 8:07 UT, with spatial resolution of respectively 1 // (= 0.5 // pixel 1− ). The time interval between 
successive frames was 15 s. Since the images were taken by the TRACE satellite, we do not have Earth's 
atmosphere seeing effect (especially image motion and distortion) and therefore images were carefully 
aligned. The images can be found at the TRACE Web site: (http://trace.lmsal.com/trace-cat.html). 

�
Fig.1: Jet-like structures in the upper photosphere from observations taken in 1600 A°  

UV channel, before (a) and after (b) denoised using Daubechies-4 and after (c) using the 
unsharp mask. In (c) we can see spicules and macro-spicules with possible small loops at their feet. 

�
3 Time Series Analysis using the Wavelet Transform 
 
The temporal information is obtained by computing the correlation of input signal  f (t) with a mother 
wavelet function ψ , which is a function of finite duration in time(where duration has to be precisely 

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

��������������                    (3-1)�������������������= dttstftsCWT ),()(),( 0 ψ������������
Where s is the wavelet scale and variation of t allows the translation of the analyzing wavelet in time. The 
variation of these two parameters leads to the time/frequency localization. Several different mother 
wavelet functions can be selected, but when applied to an oscillatory signal the best choice is the Morlet 
wavelet (Grossmann & Morlet 1984). The Morlet wavelet is just a sine wave modulated by a Gaussian 
window: 

                    ��
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kψ                                    (3-2)  

A wavelet coefficient CWT (Continue Wavelet Transforms) depends on two parameters, the time t and 
the scale s. Thus it will provide information around time t and around frequency υ  = 1/s. The global 
wavelet spectrum is an averaged power spectrum for all the scales and frequencies. It is similar to a 
smooth Fourier power spectrum and it is defined as the squared modulus proportional to the energy of the 
signal. This information will be displayed in two-dimensional plots, showing variations of the energy 
with time and frequency. One of the main problems of this method is to optimize the resolution in both 
time and frequency domains; the parameter k of Eq. (3-2) of the wavelet allows the resolution to be set to 
the required values. For larger values of k, we get a better frequency resolution but poorer time 
localization, in agreement with the Heisenberg's relation (Baudin et al., 1994). We choose k=6 which is a 
good compromise between time and frequency resolution, so as to be able to study the temporal variation 
which satisfactory time localization and a frequency resolution significantly accurate. �
4 Discussion-Results 




��������
��
��	�������$�����
����������������������&�
'����
��((
)
���!�*�+��
����,*-.d���
 !�"�#��������������������������
 

��

In this section we analyze the time behavior of the oscillation power spectrum averaged over the entire 
spicule. 
In Eq. (3-1), f is the averaged power spectrum given by: 

                                      �
=

=
N

n
nI

N
f

1

21
                                                                     (4-1) 

Where I is the intensity of pixel and N is the total number of pixels over the selected spicule. Because 
spicule oscillations are spatially two-dimensional phenomena, we risk a reduction of the signal, since 
oscillations with different phase relation will cancel each other. However, wavelet analysis minimizes this 
risk since its basic property of time/frequency localization permits the discrimination of different 
oscillations even if their amplitude is low. The wavelet analysis of the oscillations averaged over the 
entire spicule can give us a first account of the frequencies of the significant oscillating modes, as well as 
whether they are continuously present with time or some of them appear only in different parts of the time 
series. The results for the two different spicules are shown in figure 2-a, b. 
In this figure the left plots show the results of the CWT: The horizontal axis is the time in 
second, while the vertical axis is the frequency(mHz); Brighter color corresponds to higher power (95% 
confidence ) of the wavelet coefficients. The right plots show, from a precise investigation of the power 
variations, periodic time of spicule oscillations. We have investigated 20 different spicules and obtained 
that nearly 30% of them show periodic behavior. 
Our results verify that the intensity power spectrum shows distinct peak for periods of about 200-260 
seconds, with frequency around 4.5 mHz (spicules show a typically range of lifetimes from 500 to 600 s, 
for 3 cycles). Spicules rise rapidly and reach to their maximum height (after about 1-2 minutes), remain 
about 1 minute in this phase, and then start to fall back down. 

 

 
Fig. 2-a, b: Left plots show time/frequency variation of the power spectrum for two different spicules and 

right plots, the power spectrum curves (power spectrum vs. time) and show that most of spicule 
oscillations are not steady harmonic wave, but wave trains of finite duration. 

 
An important question is: What is the cause of these periodic flows? Based on this consideration, our 
suggested scenarios are the following: 
(i)The periodic upward & downward motion of spicule could de due to the nonstationary character of 
granular motion (see Baudin at al. 1997) i.e., spicules can be oscillated when granules move respect to 
each other. 
(ii )These oscillations seem to be related to p-modes, but it is evident that if spicules are driven by p-
modes, crucial details about their formation are still missing. Clearly, not all spicular flows are periodic, 
whereas most photospheric oscillations are. In addition, the horizontal scale for amplitude coherence of p-
modes (≈ 8000 km) is well beyond the width of fibrils (De Pontieu 2003). 
However, we should be remark about the increasing of the local acoustic cut-off period (Pc) inside the 
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spicule because of the higher temperatures and, more importantly, the inclination of spicule. Pc 
dramatically increases from 180s, in the upper photosphere, to more than 300s inside the spicules (see De 
Pontieu et al. 2004). So, spicules and macro-spicules allow significant leakage and propagation of p-
modes (periods of ≈  5min) from the photosphere into the chromosphere and TR. 
Several authors have studied the temporal variation of the intensity of the TR and chromospheric spectral 

lines. Doyle at al. (1998) found that the intensities of the TR spectral line (O V 626.73 A ° ) show 
oscillations with dominate periods around 250s with lifetime was approximately 10-15min and for the 

chromospheric spectral line (HeI 584 A ° ) oscillations appear with periodicity of 220s and typical 
lifetimes were about 10-20 min. Moreover, slightly different values of periods and lifetimes of the 
intensity oscillations for the transition region and chromosphere have been reported by Hansteen et al. 
(2000); Banerjee et al. (2001) and more recently by Gomory et al. (2006). 
However, our results suggest that a majority of the chromosphere and TR oscillations are directly 
associated with periodic flows in spicular structures, because their periods and lifetimes are equal. 
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Abstract 
The standing MHD quasi linear modes in a zero-β cylindrical magnetic flux tube that 

undergoes a density stratification in both the radial and the longitudinal directions is 

considered. The dispersion relation for the fast MHD body waves is derived and solved 

numerically to obtain the frequencies of the fundamental and the first overtone modes of 

both the kink and fluting waves. Damping rates due to both viscous and resistive 

dissipations in presence of the density stratification is derived and solved numerically 

for the first two modes of both the kink and fluting waves. 

 

Introduction  
Transverse oscillations of coronal loops were first identified by Aschwanden et al. 

(1999) and Nakariakov et al. (1999) using the observations of TRACE.  Verwichte et al. 

(2004), using the observations of TRACE, detect the multimode oscillations for the first 

time. They find that two loops are oscillating in both the fundamental and the first-

overtone mode. According to the theory of MHD waves, for uniform loops the ratio of 

the period of the fundamental to the period of the first overtone is exactly 2. But the 

ratios found by Verwichte et al. (2004) are 1.81 and 1.64 and thus clearly differ from 2. 

This may cause due to the effect of stratification in the loops. In the present work, our 

aim is to investigate the effects of density stratification on oscillations and damping of 

standing MHD quasi linear waves in the cold coronal loops observed by Verwichte et al. 

(2004) deduced from the TRACE data. To do this, we combine the techniques of Papers 

[5,8,9,10] and of Andries et al. (2005b). 

 

Numerical Results 
The effects of longitudinal density stratification on both the frequencies ω and damping 

rates α are calculated by numerical solution of the dispersion relation [6]. The results 

are displayed in Figs. 1 to 6. Figures 1 to 2 show frequency and damping rate of the 

fundamental and the first overtone kink mode (m=1) versus the stratification parameter 
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µ=L/πH for a loop with constant length and varying scale hight. Figures 1 to 2 reveal 

that both frequencies, ω1, ω2 and the damping rates, α1, α2 increase when µ increases. 

These results are in agreement with the those obtained by Andries et al. (2005b) and 

Arregui et al. (2005). Figures 3 to 4 display the same results as in Figs. 1 to 2 for the 

fluting modes (m=2). However, Figs. 1 to 4 do not show a noticeable difference 

between the kink and fluting modes, but our numerical values shows that for a given 

stratification parameter µ, the frequencies and damping rates increase slightly when the 

azimuthal mode number m increases. The ratio of the frequencies C2/C1 of the first 

overtone and its fundamental mode for both the kink (m=1) and fluting (m=2) modes are 

plotted in Figs. 5 to 6, respectively. Figures show that for both modes, the ratio of the 

frequencies decrease from 2 (for unstratified loop) and approaches below 1.5 with 

increasing the density stratification. This result is in accord with that obtained by 

Andries et al. (2005a) and Safari et al. (2006). For m=1, πµ=1.9, and 2.6 the ratio C2/C1 

are 1.815 and 1.646, respectively. These are in good agreement with the frequency 

ratios observed by Verwichte et al. (2004), 1.81±0.25 and 1.64±0.23, respectively 

deduced from the observations of TRACE. 

 

                                                                                          

   
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 stratification  

parameter µ=L/π H for a loop with constant length and  

varying scale height.  
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Fig.3. Frequency of the fundamental fluting mode          Fig.4. Same as Fig. 3, for the first-overtone 

fluting.                          

(m=2) and its damping rate as a function of the  

stratification parameter µ=L/π H for a loop with  

constant length and varying scale height.  

 

      
      Fig.5. Ratio of the frequencies C2/C1 of the first              Fig.6. Same as Fig. 5, for fluting modes (m=2)                                
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      overtone and its fundamental mode versus  

      µ=L/π H for kink modes (m=1). 

 

Conclusions 
Oscillations and damping of fast MHD body waves in coronal loops in presence of both 

the radial and the longitudinal density stratification is studied. To do this, a typical 

coronal loop is considered as a straight pressureless cylindrical flux tube embedded in a 

constant background magnetic field. The density varies in both the radial and the axial 

directions. The Linearized MHD equations, when the dissipation is absent, are reduced 

to a Bessel's equation for the longitudinal component of the perturbed magnetic field. 

The dispersion relation is obtained and solved numerically for obtaining the 

fundamental and the first overtone frequencies of both the kink and the fluting modes. 

The damping rates of oscillations due to the resistive and viscous dissipation in presence 

of the stratification is obtained and solved numerically. Our numerical results show that: 

i) Both frequencies and damping rates of the fundamental and the first overtone modes 

of both the kink (m=1) and fluting (m=2) waves increase when the stratification 

parameter increases. ii ) The ratio of the frequencies C2/C1 of the fundamental mode and 

its first overtone for both the kink and the fluting modes is lower than 2 (for unstratified 

loops) in presence of the longitudinal density stratification which are in accord with the 

TRACE observations. 
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E°  Al Pb E°  Al Pb E°  Al Pb E°  Al Pb 

- - - 26 4.4 1.46 51 8.06 2.5 76 11.52 3.44

2 0.2 0.08 27 4.38 1.46 52 8.36 2.58 77 11.58 3.44

3 0.22 0.08 28 4.7 1.56 53 8.34 2.58 78 11.8 3.52

4 0.64 0.24 29 4.7 1.56 54 8.66 2.68 79 11.84 3.52

5 0.64 0.24 30 5.02 1.66 55 8.64 2.68 80 12.1 3.6 

6 1.04 0.38 31 5.02 1.64 56 8.96 2.76 81 12.08 3.6 

7 1.04 0.38 32 5.34 1.74 57 8.9 2.76 82 12.38 3.68

8 1.42 0.5 33 5.32 1.72 58 9.24 2.86 83 12.36 3.68

9 1.42 0.5 34 5.64 1.82 59 9.24 2.82 84 12.64 3.76

10 1.8 0.62 35 5.64 1.82 60 9.52 2.86 85 12.62 3.76

11 1.78 0.62 36 5.94 1.92 61 9.54 2.86 86 12.94 3.8 

12 2.16 0.74 37 5.94 1.92 62 9.84 2.94 87 12.92 3.78

13 2.14 0.74 38 6.26 2 63 9.8 2.94 88 13.2 3.82

14 2.5 0.86 39 6.24 2 64 10.12 3.02 89 13.2 3.84

15 2.46 0.84 40 6.56 2.1 65 10.12 3.02 90 13.48 3.9 

16 2.78 0.96 41 6.56 2.1 66 10.36 3.12 91 13.46 3.9 

17 2.78 0.96 42 6.86 2.2 67 10.36 3.1 92 13.76 3.98

18 3.1 1.06 43 6.86 2.2 68 10.64 3.2 93 13.74 3.98

19 3.08 1.06 44 7.16 2.28 69 10.68 3.2 94 14.04 4.06

20 3.44 1.16 45 7.14 2.26 70 10.78 3.28 95 14.06 4.04

21 3.44 1.16 46 7.46 2.32 71 10.8 3.28 96 14.3 4.14

22 3.74 1.26 47 7.46 2.32 72 11.06 3.32 97 14.28 4.12

23 3.74 1.26 48 7.76 2.4 73 11.2 3.36 98 14.58 4.2 

24 4.08 1.36 49 7.76 2.4 74 11.28 3.36 99 14.56 4.18

25 4.06 1.36 50 8.06 2.5 75 11.24 3.36 100 14.86 4.28
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i 65.874+ 1 2x x= .738 ( )sumR R� .94068 
( )suma R 2.0073 1 2y y= .043 ( )sumR R� .63051 

1( )v kms− -.2581 1( )x bol .618 r� 0.466±0.018 

1 2Ω = Ω .26648D+01 ( )x bol� .615 r� 0.312±0.018 

1 2g g= .320 ( )y bol� .102 ( )r pol� 0.436±0.003 

1 2A A= 1.000 ( )y bol� .183 ( )r pol� 0.290±0.003 

1( )T k .5635 ( )M bol� 5.03 ( )r sid� 0.467±0.004 

2( )T k .5235 BL� 1.28542 ( )r sid� 0.304±0.004 

q .41000 VL� 1.39796 ( )r back� 0.496±0.005 
�
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1- G.L.Verschuur, k.l.kellerman , "Galactic and extragalactic radio astronomy" second 

edition , 1998 

2- John D. Kraus, "Radio Astronomy", second edition , 1986 
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