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Abstract 
 

In this work, a prominence eruption and its ejection from the corona associated 

with a fast CME and its propagation in the interplanetary medium is studied 

using the multi-wavelength data.  A west limb flare/CME event occurred on 29 

July 2004 in the vicinity of active regions NOAA 10652 and 10653. Although 

the intensity of the flare associated with the halo CME was rather low (about 

C2 classification), the development and ejection of the prominence associated 

with this flare led to a fast halo CME of speed ~1200 km/s. The development 

of the prominence and the initiation characteristics of the CME inferred using 

Hα, Extreme ultraviolet Imaging (EUV) and radio measurements show 

interesting phenomena in the near-Sun region. In association with the eruption 

of prominence, an intense broad burst along the time axis (width > 30 minutes 

of time) was observed in the frequency range of ~164 to 10 MHz. In the 

interplanetary medium, the above event showed intense wave propagation 

observed at frequencies below 1 MHz. The waves obtained in the low 

frequency nicely compared with the flux rope propagation in the inner 

heliosphere as shown by interplanetary scintillation (IPS) measurements. The 

radio features observed in the metric and Deca-Hectometric (DH) bands 

combined with IPS images and in-situ data show the evolution of prominence 

and its associated shock in the Sun-Earth distance range. 

 

Introduction 

It is now established that very often Coronal 

Mass Ejections (CMEs) are associated with 

eruptive prominences. Coronal Mass 

Ejections (CMEs) are solar transients 

characterized by the expulsion of solar plasma 

and frozen in magnetic field from the corona 

to the interplanetary space; their driving 

mechanism is probably magnetic (Amari et al.  

 

2000; Vourlidas et al. 2000; Wu et al. 2001). 

The physical conditions to destabilize the 

coronal structure and to initiate a CME have 

been explained by several authors ( e  moulin 

and Berger, 2003; Low, 2001).  Filippov 

(1998) has shown that CMEs can be caused 

by the eruption of inverse-polarity 

prominences. Two primary types of mass 

motions have been recognized in 

prominences, one with material streaming 
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from one part of the solar surface to another is 

termed as active prominences and the other 

with prominence material leaving the Sun 

partially or completely is known as eruptive 

prominences (Gopalswamy et al. 2003).  A 

detailed study of these moving prominences is 

important for a clear understanding of coronal 

mass ejections (CMEs) because it is known 

that the inner core of the CMEs is made up of 

the prominence material (House et al. 1981). 

Prominence eruption, which involves heating 

and ejection of cool materials, is one of the 

indicators of solar disturbances in the 

interplanetary medium (Joselyn and 

McIntosh, 1981; Watanabe and Schwenn, 

1989). 

 It is evident that during the launch of the 

coronal mass ejections, the mechanical energy 

and the dissipative reconnection of the 

unstable magnetohydrodynamics (MHD) 

systems can give rise to the ejection of flux 

rope. Observations of CMEs in the 

interplanetary medium confirm the ejection of 

flux rope in the form of “magnetic cloud” 

(Marubashi, 1986; Burlaga et al., 1998).  

During the prominence eruption and ejection 

of the CME, corona is destabilized and its 

extension is of the order of one solar radius in 

the near-Sun region. Thus a CME goes 

through a considerable expansion and as it 

propagates to further heights, its size 

evolution  and the propagation speed in the 

inner heliosphere show the transfer of 

magnetic energy to the ambient (background) 

solar wind in the form of aerodynamically 

force (Manoharan, 2006).  

In this work, the halo CME produced by the 

active region NOAA AR10652 on 29th July 

2004 at 12:06 UT in the SOHO/LASCO field 

of view is studied. The formation and 

evolution of the prominence structures are 

studied using the H  and EIT images. The 

interplanetary consequences of this event are 

studied based on white-light, scintillation 

images and in situ solar wind data at the near-

Earth environment. This chapter is organized 

as follows. In chapter 7.2, we described 

various observations and results which are sub 

classified into: H  observations, EIT/EUV 

observations, SOHO/LASCO C2, C3 white 

light images observations and the radio 

signatures produced by this CME during its 

propagation in the interplanetary medium. In 

chapter 7.3, the conclusion and results are 

summarized. 

2. Observations and Results 

2.1 Instruments 

We utilized the data available online from the 

NRL site where the CME is referenced and 

where the synoptic data, including the curves 
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of speed, are given from the website:  

http://cdaw.gsfc.nasa.gov/CME_list/UNIVER

SAL/2004_07/univ2004_07.html. 

The location of this active region is S08W88. 

An intense long duration flare (C2.1) is 

associated with this event identified from the 

GOES X-ray flare data. Also, it is observed 

that starting time of the flare is at 11:42 UT, 

maximum and end time of the flare is 13:04 

UT and14:02 UT, respectively.   

The evolution of prominence structures 

followed by the halo coronal mass ejection 

(CME) is studied using white-light 

coronagraph images obtained from the Large 

Angle Spectrometric Coronagraph (LASCO) 

instrument on board the Solar and 

Heliospheric Observatory (SOHO). From the 

SOHO/LASCO CME catalog (Yashiro et al., 

2004), it is found that the speed of the halo 

CME is ~1200 km s-1 and the acceleration is 

~38.0 m s-2. The prominence eruption is also 

observed by EUV Imaging Telescope (EIT; 

Delaboudiniere et al. 1995). EIT takes full-

disk images at a pixel scale of 2”.6 pixel−1   

and a 12 minute cadence in a narrow band 

pass centered on 195 A º (FeXII; 1.6 X106 

K). The   195 Aº channel is also sensitive to 

high-temperature flare plasma (Tripathi et al. 

2006), because of the presence of FeXXIV 

resonance line (λ= 192 Aº; 2 × 107 K). It is 

also noted from the EIT/EUV images, there is 

a trans equatorial loop system connected with 

the adjacent active region NOAA AR 10653. 

It is observed that, the trans equatorial loop 

system was oriented primarily in the north-

south direction, with the northern foot points 

located to the east of the southern ones by 

~10º.  H  images are obtained from 

Kanzelhőhe Solar Observatory (KSO; part of 

the global high-resolution H  network at 

656.3 nm wavelength). The H  images 

obtained from the KSO with a cadence of 1 

image per minute is available online from the 

website 

(http://www.kso.ac.at/beobachtungen/beobach

tungen_en.php).   

Liu et al. (2010) studied this event for the 

reconnecting current sheet in the solar flare. In 

contrast to the earlier work, here it is 

concentrated on the initiation of the 

prominence and its propagation effects in the 

interplanetary medium and at 1 AU by using 

the multi-wavelength data. It is observed the 

propagation of a very nice flux rope structure 

from the EIT/EUV differential images at 

12:50 UT. The flux rope structure associated 

with the CME produced many interesting 

radio features during its propagation in the 

interplanetary medium.   Radio signatures 

produced by the CME in the near-Sun and in 

the interplanetary medium can be studied 

using the Nancay Decameter Array (DAM) 
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available online from the website, 

(http://secchirh.obspm.fr/instruments.php) and 

WIND/WAVES spectrum available online 

from the website (http://www-

lep.gsfc.nasa.gov/waves/waves.html). The 

Ooty-IPS 3D tomography (density) images 

are used to study the propagation structures of 

the CME in the interplanetary medium and at 

1 AU. 

2.2 Ha Observations 

Prominence eruptions have traditionally been 

observed in the H  line (Gopalswamy et al. 

2003). Therefore, an attempt is made to 

identify the features related to the evolution 

and eruption of the prominence structures 

using the H  images. The H  images used in 

this study have a spatial resolution of ~1 arc 

sec per pixel and temporal cadence of 1 

minute. The careful examination and analysis 

of the high cadence Kanzelhőhe images using 

the running subtraction method revealed a fast 

spectacular eruption of magnetic loops from 

the active region site. In the top panels of Fig. 

1, it is noted that between 11:26 UT and 11:45 

UT, the formation of the prominence is visible 

in the active region NOAA10652. The bottom 

panels show the eruption of the prominence 

structures followed by the initiation of the 

CME and disruption of the multiple magnetic 

loops at 11:48 UT. These magnetic loops 

show an increase in their average speed and 

acceleration with height. At 11:58 UT, the 

detachment of the prominence occurs from the 

solar surface. Actually, this is limb event, 

therefore, it is not known the evolution of the 

magnetic field. Therefore, it is mentioning the 

possibilities of the prominence eruption, 

which may be due to (i) flux-emergence 

below the prominence (ii) twisting/sharing of 

the magnetic field due to foot-point rotation, 

which leads to the kink instability that may 

drive the prominence eruption followed by a 

flare. Tőrők and Kleim, 2004; 2005) 

suggested that the kink instability of coronal 

magnetic flux ropes as the initiation 

mechanism and initial driver of many CME 

events. A sufficiently steep decrease of the 

magnetic field with height above the flux rope 

permits the process to evolve into a CME. 

2.3. EIT Observations: 

It is observed the prominence associated CME 

event with the help of SOHO/EUV Imaging 

Telescope (EIT) 195 Å running difference 

images.  Fig. 2 displays the soft X-ray flux 

recorded by GOES satellite in the 0.5–4 and 

1–8 Å wavelength bands during 11:00–15:00 

UT. The long duration C 2.1 flare began at 

11:42 UT, peaked at 13:04 UT and end 

around 14:02 UT. As seen in the plot, the rise 

as well as the fall in the X-ray flux is rather 

gradual and the profile is broad with an 

effective width of ~30 minutes or base width 
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of ~1 hr.  This suggests a gradually evolving 

magnetic field and associated energy release. 

Also we found that the prominence structure 

is seen clearly in EIT/EUV images, as shown 

in Fig. 3. The prominence eruption could 

occur as the result of the shearing of the 

magnetic field which can also induce 

reconnections. But, in this study it is 

mentioned only the flux emergence 

mechanism. Therefore, it is concluded that the 

possibilities of the prominence eruption, 

which may be due to (i) flux-emergence 

below the prominence (ii) twisting/shearing of 

the magnetic field due to footpoint rotation, 

which lead to the kink instability (Tőrők and 

Kleim, 2005), that may derive the prominence 

eruption followed by a flare. Further, it is 

noted that very large number of multiple post 

flare loops in the active region and the flux 

rope structure followed by the ejection of 

CME from the EIT images at 12:50 UT. 

The region of the flare and of the prominence 

eruption is at the west limb and it is noted that 

deflection of the CME towards south-west 

direction from the active region site. During 

the declining phase of the solar cycle, coronal 

holes occur quite frequently at low latitudes. 

Coronal holes are large-scale structures on the 

Sun with distinct physical and magnetic 

properties and are known to be source of high-

speed solar wind.  Gopalswamy et al., (2009) 

suggested that the coronal holes might have 

deflected the associated coronal mass 

ejections away from Sun-Earth line.  Such 

deflections can move a CME closer to the 

Sun-Earth line (Gopalswamy et al., 2005) or 

away from it depending on the relative 

location of the coronal hole and the CME 

source. In this study, the deflection of the 

CME might be the presence of a coronal hole 

adjacent to the active region NOAA AR 

10652 as observed from the Solar Monitor 

three days prior to the CME event.                           

2.4. SOHO LASCO C2, C3 observations: 

The white light images made by the Large 

Angle and Spectrometric Coronagraph 

(LASCO) on board SOHO, which consists of 

two optical systems, C2 (2.2 -6 R⊙) and C3 

(4-32 R⊙), provided sequence of images of 

the prominence structure and ejection of the 

CME propagating in the southwest direction. 

The eruptive prominences often form the core 

of white-light coronal mass ejections (CMEs) 

that seems to drive interplanetary shocks 

(Sheeley et al., 1985). There is a very close 

association between eruptive prominences and 

coronal mass ejections i.e. material of the 

eruptive prominences is contained in the cores 

(House et al. 1981). From the LASCO C2 and 

C3 images, it is observed that the CME 

covered 360° width and is a Halo CME.  
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LASCO Ultra violet Coronagraph 

Spectrometer (UVCS) on board SOHO at 

11:48 UT confirmed the presence of 

prominence at the distance of 1.6 R⊙.   The 

speed of the CME below 10 R⊙ was much 

lower than the final speed of about 1200 km s-

1. It indicates that the prominence is a slow 

rising one. As the prominence erupts slowly 

but there is a lot of changes in number of 

characteristics such as size, shape and 

brightness temperature. 

From the CME initiation from the rise of the 

loop and its follow-up in the near-Sun region 

within LASCO field of view, it is clearly seen 

that the CME has gone through a heavy 

acceleration (~38 m s-2), supported by the 

expansion of the multiple magnetic loops 

erupted at the time of CME onset. However, 

the acceleration in H  has been enormous 

compared to the low level of acceleration in 

LASCO field of view and the rate of 

expansion evidently reveals the transfer of 

magnetic energy at the initial stage of the 

CME. 

Fig. 5, displays the height time profiles for the 

CME as observed from LASCO.                                                 

The height-time profiles of the CME shows 

association with the extrapolation of 

prominence eruption in space and time.  

However, the Wind/WAVES dynamic 

spectrum shows the enhanced radio signatures 

of CME in the interplanetary medium, 

consistent with LASCO observations. 

 

2.5. Radio Signatures in the interplanetary 

medium 

 

  The radio spectral data from Nancay 

Decameter Array (DAM) has been used to 

study the coronal signatures of this event. Fig. 

6 displays the spectrum of DAM taken during 

the time interval of 11:30 UT to 01:30 UT on 

29th July 2004. The spectrum shows a very 

nice moving type IV radio burst in the 

frequency range ~70 MHz to 20 MHz from 

11:30 UT and 13:00 UT. This moving type IV 

suggests the motion of the plasmoid i.e. blobs 

of dense plasma containing its own magnetic 

field (Wild and Smerd, 1972; Stewart, 1985) 

during the prominence eruption followed by 

CME. Such type IV radio bursts due to 

motion of the plasmoid structure cover a 

continuous spectrum with frequencies below 

200 MHz, i.e., in the meter wavelength range. 

These moving type IV bursts are thought to be 

caused by electrons trapped in a closed 

magnetic cloud ejected from the flare site 

(Švestka (1981); Kahler (1992)). The 

extension of this moving type IV bursts 
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features are also observed in WIND/WAVES 

spectrum as shown in Fig. 7 in the frequency  

range of 10 MHz to 5 MHz during the time 

interval of 12:30 UT to 13:30 UT. 

In the case of an eruptive flare, which is 

known to be associated with the launch of 

coronal mass ejection (CME), the mechanical 

energy and the dissipative reconnection of the 

unstable magneto hydrodynamics (MHD) 

system can give rise to the ejection of flux 

rope (Gopalswamy et al., 2003). In our 

present study, it is noted that after the ejection 

of the prominence/CME, propagation of a 

very nice flux rope structure in the 

interplanetary medium is observed in the 

EIT/EUV images at 12:50 UT. A prolonged 

type II burst as shown in Fig.7, observed by 

the Radio and Plasma Wave Experiment 

(Bougeret et al., 1995) on board Wind, shows 

continuity between the shock near the Sun and 

the shock detected in situ. Type II bursts also 

provides evidence for the CME-driven shocks 

in the IP medium, before they are detected in 

situ. The interplanetary shock produced by 

this flux rope structure may lead to the 

formation of prolonged type II radio burst 

(Filippov and Koutchmy, 2008). The type II 

burst as shown in the WIND/WAVES 

spectrum as shown in Fig.7, starts at ~01:00 

UT at 1 MHz on 29th July 2004 and drifting 

down to 10 kHz at ~20:40 UT on 30th July 

2004 (figure, 6). The shock arrival on 30th 

July 2004 at 20:40 UT can also be seen in the 

WIND/WAVES spectrum. The band width 

and frequency ratio (∆f/f) at different times on 

the type II is in the range of 1 to 2 from near 

Sun region to 1 AU. It suggests the 

intensification of shock with distance from the 

Sun (Aguilar- Rodriguez et al. 2005). 

The radio signatures confirm the opening of 

field lines after reconnection and related 

particle acceleration. The flux rope has been 

observed as the magnetic cloud in the 

interplanetary medium. The expansion of the 

flux rope (magnetic cloud) has aided the CME 

propagation and to overcome the drag force 

exerted by the background solar wind as 

suggested by Manoharan, (2006). The drag 

force is proportional to the square of the 

velocity difference between the solar wind 

and CME expansion rate (Kumar et al., 2010). 

The initial and arrival speeds of the CME, 

respectively, at the near-Sun region and at 1 

AU, provide evidence that the internal energy 

(magnetic energy) has supported to overcome 

the drag force (Manoharan 2006; Manoharan 

2010). But, the present study, the speed of the 

CME at the near-Sun region (LASCO 

measurements), in the inner heliosphere (as 

recorded by IPS data), and at 1 AU (by in situ 

measurements) shows large deceleration from 

~1200 km s−1 to ~ 475 km s−1 in the entire 
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Sun–Earth distance. It suggests that the 

interaction of the CME with ambient 

(background) solar wind is very effective or 

the CME could not overcome the interaction. 

The energy within the CME could not sustain 

the expansion. In other words, as suggested by 

Manoharan (2006), the ejection of the flux 

rope above the cusp contained less amount of 

magnetic energy, which was not sufficient for 

the CME in the interplanetary medium to 

overcome the aerodynamical drag imposed by 

the background solar wind. 

The interplanetary signatures of the above 

event have been obtained from in-situ 

spacecraft measurements at 1 AU.  Fig. 8, 

shows the interplanetary parameters of the 

CME and the associated shock. The arrival of 

the shock can be seen by the sudden increase 

in the solar wind speed, density, and magnetic 

field and it is marked by a vertical line at 

20:40 UT on 2004 July 30 and it is found that 

the ICME speed is ~475 kms-1.  The above 

halo CME has also been traced further out in 

the inner heliosphere using interplanetary 

scintillation (IPS) observation made at the 

Ooty Radio Telescope, operating at 327 MHz 

(Manoharan et al., 2001; Manoharan 2006). 

The sequence of IPS images from ≈ 50 R⊙ to 

a distance beyond the orbit of the Earth 

reveals the propagation of interplanetary 

structures associated with the CME in the 

interplanetary medium. 

Fig. 9, shows the three-dimensional 

tomographic reconstruction of the 3 AU 

heliosphere obtained from the Ooty IPS 

measurements for three consecutive days to 

study the motion of density structures in the 

inner heliosphere (i.e.)  on 2004 July 

31(23:59UT), 2004 August 2 (00:01UT) and 

2004 August 3 (00:00 UT). The three-

dimensional view clearly shows the 

propagation of the CME in the interplanetary 

medium and at 1 AU (Fig. 9). These images 

provide a remote view at an angle  of ≈ 30◦ 

above the ecliptic plane. The orbit of the Earth 

is shown by a dark circle, on which the 

location of the Earth is indicated by a filled 

blue circle.  The arrival of the CME structures 

inferred from the IPS observations and their 

average speed are in agreement, respectively, 

with the onset of the magnetic cloud and its 

speed from the in-situ measurements at 1 AU 

as shown in Fig. 9.  

 Gopalswamy et al. (2000) and Cane and 

Richardson, (2003) suggested that CMEs 

arriving at Earth generally originate close to 

the disk center (within the longitude range of 

±30°) of the Sun. Therefore, CMEs 

originating at larger central meridian distances 

can deliver only a glancing blow to Earth, so 

one observes just the shock or shock with 

sheath at the CME flank. It is in agreement 
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with the orientation of CME observed at 1 AU 

as well as the weak magnetic storms produced 

by the CME at Earth’s orbit. Gopalswamy et 

al. (2009) suggested that CMEs originating 

from close to the disk center have high rate of 

geo effectiveness, while those from close to 

the limb have a only a moderate rate. It is 

proved from the present study that the poor 

strength of southward Bz component of the 

field associated with CME, the orientation of 

the flux rope, and its impact speed could 

produce a weaker storm, Dst ≈ −34 nT at the 

Earth. The speed measurements by the IPS 

technique at ~0.5 AU are in agreement with 

the speed of the interplanetary CME at 1 AU. 

The initial speed of the CME (LASCO field of 

view), speed in the sun-earth distance from 

IPS measurements, and in-situ speed suggest 

that the CME propagation has been supported 

by internal energy possessed by the CME. 

3. Conclusion  

In this work, it is studied the prominence 

formation and its eruption associated with a 

fast halo CME (speed ~1200 kms-1) from the 

active region NOAA AR 10652. The initiation 

features of the prominence are observed in the 

H  and EIT/EUV images. The eruption of 

prominence in association with long duration 

flare (C2.1) at the west limb of the Sun and 

the interplanetary consequences of this event 

is studied based on white-light, scintillation 

images and in situ solar wind data at the near-

Earth environment. The white-light images 

observed by SOHO/LASCO also showed the 

CME front and prominence core structures. 

From the H  data, the various stages of 

prominence formation and its eruption are 

observed. Therefore, the possibilities of the 

prominence eruption are (i) flux-emergence 

below the prominence (ii) twisting/sharing of 

the magnetic field due to foot-point rotation, 

leading to the kink instability, which may 

drive the prominence eruption followed by a 

flare. Tőrők and Kleim (2004, 2005), 

suggested that the kink instability of a twisted 

magnetic flux rope could be the mechanism of 

the initiation and the initial driver of solar 

eruptions.  From the EIT/EUV images, the 

prominence eruption and the ejection of CME 

from the active region AR 10652 were 

observed. The prominence eruption could also 

occur as the result of the shearing of the 

magnetic field which can also induce 

reconnection. In the present study, we 

mentioned only the flux emergence 

mechanism is observed. Since this was a limb 

event, therefore, we do not know the 

evolution of the magnetic field was not 

known. Therefore, it was concluded that the 

possibilities of the prominence eruption, were 

due to (i) flux-emergence below the 

prominence (ii) twisting/shearing of the 

magnetic field due to foot point rotation, 
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leading to the kink instability, driving the 

prominence eruption followed by a flare. The 

radio signatures confirmed the opening of 

field lines after reconnection and related 

particle acceleration. The flux rope was 

observed as the magnetic cloud in the 

interplanetary medium, an intense broad burst 

along the time axis (width > 30 minutes of 

time) was observed in the frequency range of 

~70 to 10 MHz.   As the CME propagated, the 

width of the type II burst with respect to the 

central frequency (or BFR as given by 

Aguilar-Rodriguez (2005)) is found to be 

increase with distance from the Sun. From the 

WIND/WAVES spectrum and OMNI data, it 

was noted that the time of shock arrival at 1 

AU is at 20:40 UT.  The radio features 

observed in the metric and Deca-Hectometric 

(DH) bands combined with IPS images and 

in-situ data showed the evolution of 

prominence and its associated shock in the 

Sun-Earth distance range. Gopalswamy et al. 

(2009) suggested that the coronal holes 

adjacent to the active region can deflect the 

direction of the CME. It is confirmed that the 

weak geomagnetic storm at the Earth ~ -34 nT 

indicated that only the flanks of the CME 

affected the Earth's magnetosphere. The initial 

speed of the CME (LASCO field of view), 

speed in the Sun-Earth distance from IPS 

measurements, and in-situ speed suggested 

that the CME propagation had been supported 

by free magnetic energy associated with the 

CME (Manoharan, 2006). 
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Fig. 1:  H a Images Shows the Various Stages of Prominence Formation and Eruption 

 

 

 

Fig. 2: GOES Soft x-ray Flux Measurements in 0.5–4 å and 1–8 å Wavelength Bands for the 

Flare 

 

 

 

 

 

 



   Int. j. sci. footpr.  Rahman, A. M. (2015) 

 

 

 

 

 

Fig. 3: EIT/EUV Images For the Eruption of the Prominence Structures (indicated by arrows) 
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Fig. 4: Difference Images of LASCO C2 and C3 Coronagraphs on SOHO Showing the 

Propagation of Halo CME.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



   Int. j. sci. footpr.  Rahman, A. M. (2015) 

 

 

Fig. 5:  Height-time Profile of the CME from LASCO C2 and C3 

 

 

 

 

 

 

 

 

 

 

Fig. 6: Nancay DAM Array Spectrum for Moving Type IV Burst 
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Fig. 7: WIND/WAVES Dynamic Spectrum of Extension of Moving Type IV (above) and 

Prolonged Type II Radio Bursts (below). IP Shock Arrival at 1 AU is Indicated by the Arrow 
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Fig. 8: Interplanetary Observations of Average Magnetic Field, Flow Speed, Proton Density 

and Temperature Obtained from Omni-web during 30th July– 1August 2004.  The arrival of 

Shock is shown by the Vertical Line 
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Fig. 9: The Three-dimensional and Two-dimensional (density) Images Tomographic 

Reconstruction of the 3 AU  heliosphere Obtained from the Ooty IPS Measurements on 2004 

July 31(23:59 UT), 2004 August 2 (00:01UT) and 2004 August 3 (00:00 UT) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


