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ABSTRACT 

 

Solar flare is one of the solar activities bonded with the coronal mass ejections of the sun. It 

is a giant burst of x-rays, γ-rays, radio emissions and energy which travel at the speed of light 

in all directions. Emissions of radio waves create an important part for the solar radio burst. 

There are five types of radio bursts identified by the radio astronomers. Among the five 

types, type II radio burst, which is also called slow drift burst or shock waves have special 

features which are different from other radio burst types. The exact mechanism of type II 

burst is still a matter of debate. Therefore the determination of properties of solar radio bursts 

enhances our knowledge of understanding this natural phenomenon. Shock speed or plasma 

velocity is one of the valuable parameter that gives much information about solar radio 

bursts. 

In this study, shock speed of type II radio burst was estimated. The estimation was done by 

the use of uniform density model and the non-uniform density model for the sun. The 

spectroscopic data needed for the study was obtained by the e-CALLISTO data base. e-

CALLISTO is a global network of radio spectrometers operating in 24 hours to detect solar 

radio bursts originating from the sun. The result shows that there is a significant change in 

shock speed with the non-uniform electron density model. The rate of increase in shock 

speed with the altitude in non-uniform model is less than that of the uniform model. The 

shock speed is proportional to the electron density (Ne) and inversely proportional to the rate 

of change in electron density with altitude (dNe/dr). The determined shock speed for the 

altitude of one solar radius is 2131 km/s for uniform model and 766 km/s for non-uniform 

model. The shock speed for uniform electron density model is quite higher than the non-

uniform model. Hence, the shock speed calculated by the non-uniform density model which 

accounts for the actual electron destitution needed to be use in further investigations of Type 

II solar bursts. 

 

 



v 
 

TABLE OF CONTENTS 

 

ACKNOWLEDGEMENTS ..................................................................................................... iii 

ABSTRACT ............................................................................................................................. iv 

TABLE OF CONTENTS .......................................................................................................... v 

LIST OF ABBRIVIATIONS .................................................................................................. vii 

LIST OF FIGURES ............................................................................................................... viii 

LIST OF TABLES .................................................................................................................... x 

CHAPTER 01 ........................................................................................................................... 1 

INTRODUCTION AND OVERVIEW .................................................................................... 1 

1.1 Solar flares .......................................................................................................................... 2 

1.2 Solar radio burst types ........................................................................................................ 4 

1.3 Type II solar radio burst ...................................................................................................... 6 

1.4 e-CALLISTO spectrometer ................................................................................................ 8 

CHAPTER 02 ......................................................................................................................... 10 

THEORY ................................................................................................................................ 10 

2.1 Uniform electron density model ....................................................................................... 11 

2.2 Non-uniform electron density model ................................................................................ 11 

CHAPTER 03 ......................................................................................................................... 14 

MATERIALS AND METHODS ............................................................................................ 14 

3.1 Uniform electron density model ....................................................................................... 15 

3.1.1 Analysis of electron density (𝑁�) .............................................................................. 15 

3.1.2 Analysis of frequency (f) ........................................................................................... 18 

3.2 Non-uniform electron density model ................................................................................ 22 

3.2.1 Analysis of electron density (𝑁 ) ............................................................................... 22 

CHAPTER 04 ......................................................................................................................... 38 

RESULTS AND DISCUSSION ............................................................................................. 38 



vi 
 

4.1 Shock speed for uniform density model ........................................................................... 38 

4.2 Shock speed for non-uniform density model .................................................................... 40 

4.3 Comparison between uniform and non-uniform density models ...................................... 41 

REFERENCES ....................................................................................................................... 43 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



vii 
 

LIST OF ABBRIVIATIONS 
 

CME – Coronal Mass Ejections 

FITS – Flexible Image Transport System 

IRAF – Image Reduction and Analysis Facility 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



viii 
 

LIST OF FIGURES 

 

Figure 1. 1: Solar flare .............................................................................................................. 3 

Figure 1. 2: Variation of patterns of solar bursts ...................................................................... 5 

Figure 1. 3: Type II solar radio burst with harmonic observed at OOTY observatory; India .. 7 

Figure 1. 4: Type II solar radio burst with harmonics and “herring-bones” observed at              

ROSWELL-NM observatory; USA .......................................................................................... 7 

Figure 1. 5: Basic schematic diagram of CALLISTO spectrometer ........................................  9 

Figure 2. 1: ‘P’ represents the point where the flare occurred in 3D view of sun…………...12  

Figure 3. 1: Type II solar radio burst observed at ROSWELL-NM observatory; USA……..14  

Figure 3. 2: NQ vs r graph for active sun ................................................................................ 15 

Figure 3. 3: dN/dr vs r graph for active sun ............................................................................ 16 

Figure 3. 4: NQ vs r graph for quiet sun .................................................................................. 16 

Figure 3. 5: dN/dr vs r graph for quiet sun ............................................................................. 17 

Figure 3. 6: Contour plot of full flare ..................................................................................... 18 

Figure 3. 7: Contour plot of cropped flare .............................................................................. 19 

Figure 3. 8: Frequency channel vs time graph with all points ................................................ 20 

Figure 3. 9: Frequency channel vs time graph with removed points ...................................... 20 

Figure 3. 10: Frequency vs time graph after converted to actual frequency value ................. 21 

Figure 3. 11: Maximum pixel values vs x coordinate graph................................................... 24 

Figure 3. 12: Maximum pixel values vs x coordinate graph................................................... 26 

Figure 3. 13: 5×5 error matrix................................................................................................. 26 

Figure 3. 14: Sum of pixel values vs time graph .................................................................... 28 



ix 
 

Figure 3. 15: 2D image of sun ................................................................................................ 29 

Figure 3. 16: The area covered by red colour circle shows the changed area ........................ 29 

Figure 3. 17: Previous origin by considering (0,0) to be in the corner of the image .............. 30 

Figure 3. 18: Expected origin considering (0,0) to be in the middle of the image ................. 31 

Figure 3. 19: Origin of the image loaded to matlab software ................................................. 32 

Figure 3. 20: The point which the solar flare was occurred has been shifted to the fourth  

quadrant................................................................................................................................... 33 

Figure 3. 21: 270° degrees rotated image ............................................................................... 34 

Figure 3. 22: The point that is in red is where we have considered the origin and the point 

that is in green is the point that the flare has occurred............................................................ 35 

Figure 3. 23: N vs r graph ....................................................................................................... 36 

Figure 3. 24: dN/dr vs r graph ................................................................................................. 37 

Figure 4. 1: V vs r curve for uniform electron density model of quiet sun………………...   38 

Figure 4. 2: V vs r curve for uniform electron density model of active sun ........................... 39 

Figure 4. 3: V vs r curve for non-uniform electron density model ......................................... 40 

Figure 4. 4: Velocity curves of uniform and non-uniform electron density models............... 41 

  



x 
 

LIST OF TABLES 
 

Table 3. 1: Maximum pixel values of the successive images ................................................. 23 

Table 3. 2: Pixel values at the reference point (454,452) ....................................................... 25 

Table 3. 3: Sum of pixel values in the matrix ......................................................................... 27 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



1 
 

CHAPTER 01 

INTRODUCTION AND OVERVIEW 

 

The solar flares are one of the activities of solar system that occurs with the change of solar 

magnetic field. Generally, it is a non-thermal emission and the change is started with the 

collision of energetic charged particles with magnetic field, electric field and plasma 

radiation. These energetic charged particles are protons, electrons and heavy ions. Solar radio 

bursts are structure of the frequencies that changes with time due to release of magnetic 

energy associated with sunspots. According to the radio astronomy the frequencies of solar 

radio bursts vary from 70 MHz to 2.2 GHz. Yet most of the solar radio bursts occur in a low 

frequency range such as 200MHz [1, 2]. Normally, this low frequency emission is considered 

to be a radio emission. Radio burst types will be discussed on Chapter 1.2. 

The exact mechanism of type II burst is still a matter of debate; hence it was selected for the 

study. Shock speed or plasma velocity is one of the valuable parameter that gives much 

information about solar radio bursts. Normally the calculation of the shock speed was done 

by uniform electron density model, where one considers the electron density around the sun 

to be constant. In a non-uniform electron density model the electron density is considered to 

be varied in the active regions. Although there are many work of shock speed of the type II 

solar burst calculated from uniform electron density model, the shock speed calculation from 

non-uniform electron density model is an ongoing research. Therefore the work describe here 

represents the results of the shock speed of type II radio burst compared with both uniform 

and non-uniform model. The continuation of this chapter in the thesis will give a general 

introduction about solar flares, types of radio bursts and the e-CALLISTO spectrometer. 

Chapter 02 will give the theoretical background needed for calculation, chapter 03 consists of 

the methodologies that have been used, chapter 04 give the observations and chapter 05 give 

the conclusion and discussion. 
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1.1 Solar flares 
 

Solar flares are the most active incidence of solar activities and, it contributes for the solar 

radio astronomy. It is a huge explosion in solar atmosphere that occur suddenly and release 

incalculable energy in a short time period. The released energies are super thermal energies. 

The released energy with acceleration of electrons can be observed indirectly as x-ray, γ-ray 

and radio emissions. Similar to other solar activities solar flare also change the solar 

magnetic field. In radio astronomy, solar radio burst is the first identified phenomenon 

around the sun. Solar flares act an important role of the space weather conditions [3,4]. There 

is a close connection between solar flares and Coronal Mass ejections (CME). CME is also 

an event that happens around the sun. Both flares and CME’s accelerate ions and electrons. 

CME is a huge burst that can be observed in coronal structure in time to time that do changes 

to the Earth’s magnetosphere. There is an interconnection with solar flares and coronal mass 

ejections. It has direct relationship with type II solar burst. CME emits the large scale density 

waves such as radio waves. Due to that it may change the Earth’s magnetic field. Solar 

events and Earth’s environment have close relationship. By solar radio burst we can identify 

the solar activities such as level of the radiation that emits by the sun, etc. Solar flares are 

classified based on the size and the brightness in specific wavelengths. Considering the X-ray 

emission, flares are classified into five categories namely A, B, C, M and X from weak to 

strong [3,5]. 

Nowadays flares are divided into two types called “low temperature flares” and “high 

temperature flares” which differ from their physical properties and with the methods of 

observation used to record them. The life time of solar flares is very short-lived. The small 

flares have seconds to a few minutes while the large ones may have maximum of few hours. 
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There are several type of flares, namely plage flare or confined flare, white light flare, limb 

flare, flare kernels or hot cores, two-ribbon flare or two-strand flare, hyder flare or impact 

flare, homologous flare, flare-associated phenomena, moreton wave [6]. A large flare 

releases about 10�� J energy. This energy is equivalent to bomb of 2 billion megatons and 

temperature with 2 × 10� K [7]. A picture of a solar flare is given in the Figure 1.1.  

 

 

 

Figure 1.1: Solar flare 
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1.2 Solar radio burst types  

 

Solar radio bursts are identified by the e-CALLISTO spectrometer which is operating in 24 

hours to detect solar radio bursts originating from solar flares. This global network e-

CALLISTO has the spectroscopic data in its database to investigate the parameters of solar 

radio burst [8]. By analyzing the data observed from the CALLISTO spectrometer, 

researchers have classified five types of radio bursts. These classifications have done based 

on the frequency ranges and temporal variations. The types are, Type I - Noise storm, Type II 

- Slow drift burst or shock waves, Type III - Fast drift burst or electron beams, Type IV - 

Broadband quasi continuum emission or trapped electrons, Type V –Continuum emissions at 

meter wavelength [9,10]. Among these five types, Type I can be identified in the frequency 

range of 80-200 MHz, Type II in the range of 20-150 MHz, Type III in the range of 10 kHz-

1GHz, Type IV in 20 MHz - 2GHz and Type V in the frequency range 10-200 MHz. In these 

five types, there is a variety with the pattern of the flares. The figure 1.2 shows the variation 

of pattern in all five types and how it was detected to CALLISTO spectrometer. Figure 1.2(a) 

gives the type I noise storm observed at DARO-HF observatory; Germany. Figure 1.2(b) 

gives type II slow drift burst observed at ALMATY observatory; Kazakhstan. Figure 1.2(c) 

gives type III fast drift burst observed at BLEN5M observatory; Switzerland. Figure 1.2(d) 

gives type IV burst observed at BLEN7M observatory; Switzerland and Figure 1.2(e) gives 

type V burst observed at BLEN7M observatory; Switzerland. 
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Type I burst     Type II burst 

 

Figure (a): Type I noise storm observed at     

DARO-HF observatory; Germany 

Figure (b): Type II slow drift burst observed at 

ALMATY observatory; Kazakhstan

Type III burst   Type IV burst 

 

Figure (c): Type III fast drift burst observed at 

BLEN5M observatory; Switzerland 

 

Figure (d): Type IV burst observed at 

BLEN7M observatory; Switzerland

Type V burst 

 

Figure (e): Type V burst observed atBLEN7M 

observatory; Switzerland

Figure 1.2: Variation of patterns of solar bursts 
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These all five types of solar burst again categorized into five categories namely A,B,C,M and 

X depending on the x-ray flux. Here “A” has the weakest x-ray flux and “X” has the 

strongest x-ray flux [3]. 

 

 

1.3 Type II solar radio burst  

 

Type II solar radio burst are slowly drifting bands often in pairs from high to low frequency 

in the dynamic spectra. It has special features and special characters that change from the 

other types of solar radio bursts. Normally, type II burst are low frequency events that can be 

detected below 100 MHz. It may have random polarization or complex polarization 

structures. There is a tight correlation between type II radio burst and CME. The energy 

distribution of type II burst is vary within 1.506× 10�� to 6.906× 10�� eV [5,11]. 

Primitively, type II burst start after beginning of a flare within 2-15 minutes and end about 

10-15 minutes in the meter region. Slow drift bursts such as type II bursts are automatically 

associated with large flare events. In type II bursts, there are special structures that can be 

identified. They are Harmonic radiation, Frequency splitting and Herring-Bone structure. 

Harmonic structure has built with the existence of harmonic radiation in connection with 

narrow-band structures which can be identified more than half of type II bursts in the meter 

region. This can be recognized in dynamic spectra. In the frequency splitting structure, type 

II bursts varies by the effect of frequency or band splitting and herring-bone structure is the 

most common structure among these three types. Figure 1.3 shows the harmonic radiation 

and Figure 1.4 shows the herring-bone structure. 
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Figure 1.3: Type II solar radio burst with harmonic observed at OOTY observatory; India 

 

 

 

Figure 1.4: Type II solar radio burst with harmonics and “herring-bones” observed at 

ROSWELL-NM observatory; USA 
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1.4 e-CALLISTO spectrometer 

 

The observations that are gained from the satellites of solar particles, x-rays, extreme UV and 

by white-light coronal emission are used for the investigation of the sun. Dynamics of solar 

corona is also a matter to be discussed since it creates many new phenomenon with the time. 

The plasma phenomena emitting radio waves, may be the basic factor that gives the specific 

idea of solar activities like solar radio bursts which can be observed by the ground based 

telescopes such as e-CALLISTO spectrometer [8].  

E-CALLISTO is a radio spectrometer which is operating in 24 hours to detect solar radio 

bursts originating from solar flares. There are more than 150 instruments at more than 90 

locations worldwide. All CALLISTO spectrometers combined and create the e-CALLISTO 

network. CALLISTO stands for compound astronomical low cost low frequency instrument 

for spectroscopy and transportable observatory. It is a programmable heterodyne receiver 

built in the framework of IHY2007 and ISWI (International Space Weather Initiative) by 

former Radio and Plasma Physics Group at ETH Zurich, Switzerland. Generally, this is 

applicable for observation of solar radio bursts and rfi-monitoring for astronomical science, 

education and outreach. The main advantage of this spectrometer is the cost. It costs very 

little for hardware and software. Total frequency range of the instrument is from 45-870 

MHz and an individual channel has 300 kHz bandwidth. It has frequency resolution of 62.5 

kHz which can be controlled by software. The data exact as FIT-file with up to 400 

frequencies per sweep. Copies can be simply made and can be broadcast to other locations. 

All FITS files consists of data during 15 minutes observations of the whole spectrum. Time 

resolution is 800 pixels per second. IDL-, PERL- and python-routines were written for proper 

data handling [12]. Figure 1.5 gives a basic schematic diagram of CALLISTO spectrometer. 
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Figure 1.5: Basic schematic diagram of CALLISTO spectrometer 
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CHAPTER 02 

THEORY 

 

The theory which was used for the calculation in the work on this thesis was three fold. First, 

how to calculate the shock speed, then the shock speed was calculated using two different 

models, uniform and non-uniform electron density. The theory that was used for the 

calculation is described in this chapter. The shock speed for uniform and non-uniform 

electron density models can be calculate by using the equation 2.1 as shown below. 

 

𝑉 =
2𝑁 𝑑𝑓𝑑𝑡
𝑓 𝑑𝑁𝑑𝑟

                                                                                                                                              2.1 

 

Where, 

V - shock speed  

N - electron density 

f - plasma frequency 

��
��

 - drift rate 

��
��

 - change of electron density with respect to height 

 

In the above equation, different models can be used to calculate the electron density N.  

 

 



11 
 

2.1 Uniform electron density model 

There are several coronal density models which describe the electron density over 

chromosphere with uniform electron density model approach. Newkirk model is one of the 

best model [13,14]. Newkirk model has included the electron density with respect to the 

distance from the center of the sun in the quiet and active conditions. He assumed that the 

variation of electron density in the quiet and active sun is uniform in the specific distance 

from the center of the sun. Electron density of the quiet sun is Newkirk×1 and active sun is 

Newkirk×20 [13]. The Newkirk equation is given by 2.2.  

 

𝑁� =  𝑁� ×  10�.��/�                        2.2 

 

Where, 

𝑁� – electron density for quiet sun. 

𝑁� - 4.2 × 10� 

R – distance from the center of the sun in units of the solar radius. 

2.2 Non-uniform electron density model 

In the non-uniform electron density model, a departure from the spherical symmetry is 

determined by the presence of an active region. The gradient of the electron density above 

the active region is steeper than the gradient of the quiet corona. As a result, the electron 

density around the sun is not uniform. So a new model was introduced to calculate the 

electron density above the active region of the sun when it is not uniform [14]. The model for 

the electron density at any spot in the corona is shown below.  

 

N(R, β) = 𝑁�(R) [1+𝐶�𝑒
�( �

�

���
)]                    2.3 
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Where, 

N(R, β) - electron density at distance R from the solar center 

𝑁� - Newkirk model 

β - chord between a point on the axis of the active region and distance R from the center of   

the sun  

𝐶� - a constant 

𝜎 - a dispersion parameter 

 

 

Figure 2.1: ‘P’ represents the point where the flare occurred in 3D view of sun 

 

Here,  β �= (𝑥 − 𝑅 cos𝜃)� +(𝑦 − 𝑅 sin𝜃)� + 𝑧�                    2.4 
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X axis is directed towards the earth and the xy-plane contains the axis of the active region. 

According to the Figure 2.1, P is the point where the flare has occurred. The point P had been 

shown by x, y, z coordinates in 3D space. β was also introduced regarding the coordinates of 

the point P and the radius of the sun.  

 

By the calculations done by Newkirk, the values for the parameters are adopted as 𝐶� = 0.97 

and 𝜎 = 0.235. When consider the limb of the active region 𝜃 becomes 90° and therefore 

equation 2.4 can be reduced to, 

  

 β �= 𝑥� +(𝑦 − 𝑅)� + 𝑧�                     2.5 

 

The above mentioned two models for density have been used for the calculation of shock 

speed and a comparison was done for the both models. 
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CHAPTER 03 

MATERIALS AND METHODS 

 

The type II radio bursts data that have been taken from CALLISTO spectrometer were used 

to carry-on this research. Data were taken from lmsal.com which was published by the 

website in 16th of April 2014. Fits file which refers to the event happened was taken from e-

CALLISTO website. The observation taken by “ROSWELL-NM observatory; USA” of type 

II solar burst which was captured at 19:59:38 were used here. Among five types of solar flare 

classes M class type was taken to further analysis. Then, plasma velocity of uniform electron 

density model and non-uniform electron density model was calculated. Matlab software was 

used to analyze the data. 

 

 

 

Figure 3.1: Type II solar radio burst observed at ROSWELL-NM observatory; USA 
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3.1 Uniform electron density model 

3.1.1 Analysis of electron density (𝑵𝑸) 

To calculate the electron density, Newkirk model was used. Distance from the sun varied 

between 1.0 to 3.0 in 0.1 steps and electron density for different r values were obtained for 

the quiet sun and it was multiplied by 20 to obtain the electron density of the active sun. The 

calculation was done using Excel software. 𝑁� vs r graphs were plotted separately for quiet 

and active sun to observe the variation. Then ��
��

 values for different ‘r’ values were obtained 

from matlab software. Here,  ��
��

 values were calculated considering the electron density as a 

power function, because in the equation which has been derived by Newkirk, the electron 

density has been considered as a power function. ��
��

 vs r was plotted for the two states of the 

sun. 𝑁� vs r and ��
��

 vs r graphs for active and quiet sun are given in the Figures 3.2, 3.3, 3.4 

and 3.5 respectively. 

 

 

Figure 3.2: 𝑁� vs r graph for active sun 
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Figure 3.3: ��
��

 vs r graph for active sun 

 

 

 

Figure 3.4: 𝑁� vs r graph for quiet sun 
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Figure 3.5: ��
��

 vs r graph for quiet sun 
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3.1.2 Analysis of frequency (f)  

At the beginning of the analysis, FITS file of the flare image was read using matlab 

command. Unwanted noises were identified in the image. So, to remove the unnecessary 

noises of the flare image, fits file of a blank image which was captured few hours later the 

flare image was captured was read using matlab command. Then, the blank image was 

subtracted from the flare image to remove the other noise frequencies of the flare image and 

noise extracted flare was gained. Then the subtracted image was cropped using matlab 

software and the solar radio burst part was isolated. Contour plots of the full flare and 

cropped flare were shown in Figure 3.6 and Figure 3.7 respectively. 

 

 

 

Figure 3.6: Contour plot of full flare 
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Normally, in the images taken from the CALLISTO spectrometer, 15 minutes of the x axis 

represents 3600 pixels (1 pixel represents the ¼ seconds) and y axis represents 200 pixels. y 

axis represents the frequency. 

 

 

 

Figure 3.7: Contour plot of cropped flare 

 

 

Then the cropped isolated flare was loaded to an array defined [C, I]. Here, C is maximum 

value of each column of the matrix and I is the frequency channel. Then the frequency 

channel vs time graph was plotted to identify the distribution of the frequencies with respect 

to the time as shown in the below Figure 3.8. 
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Figure 3.8: Frequency channel vs time graph with all points 

 

There were many points which were not belong to the flare were recognized. Flare is spread 

in the time range of 700 to 2250 seconds. Therefore removed the points that were not belong 

to above time range. The final graph after removing the points was given in the figure 3.9. 

 

 

 

Figure 3.9: Frequency channel vs time graph with removed points 
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The values of the X axis and the Y axis of the image of solar radio burst lie between 1:3600 

and 1:200 respectively as shown in Figure 3.6. After the image was cropped the value of the 

X axis was changed to 1:2250 and value of the y axis was changed to 85:195 as shown in 

Figure 3.7. So, the actual frequency values of the image were shifted to new values. Then it 

was transformed to actual values by using a code and frequency vs time graph was plotted as 

shown in figure 3.10. 

 

 

Figure 3.10: Frequency vs time graph after converted to actual frequency value 

 

Generally, flare frequency is taken as the frequency of the starting point of the flare. For 

further calculations initial frequency was taken as the flare frequency (f value) and ��
��

 was 

calculated for the initial point by using matlab software. 

Finally, the values of f , ��
��

, N and ��
��

 were substituted  to the equation of  shock speed that 

has been described in the Chapter 02. Different shock speeds were calculated for different 

distances, from the sun in the units of solar radius. The results for the uniform model are 

given in the Chapter 04. 
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3.2 Non-uniform electron density model 

3.2.1 Analysis of electron density (𝑵 ) 

The values of 𝐶� , β and 𝜎 can be substituted to the equation 03 and can be rewritten as 

equation 06, 

N(R, β) = 𝑁�(R) {1+ 0.97 𝑒�[(���(���)����

�×(�.���)�
]}                   3.1 

 

To do the calculations for electron density of the non-uniform electron density model it is 

essential to find the point where the flare has started. This is needed because of the equation 

contains Cartesian coordinates with it. To find the point, an image with a whole solar disk 

needed to be taken. The image of the solar disc is in the 2D plane. Therefore it is necessary to 

convert the 3D equation (Equation 3.1) to 2D equation in-order to find the electron density. 

When 3D equation is converted to 2D, coordinates of the x and y axis remains and z axis 

becomes 0. The modified equation is given in equation 3.2. 

N(R, β) = 𝑁�(R) {1+ 0.97 𝑒�[(���(���)�

�×(�.���)�
]}                   3.2 

 

To calculate the electron density of the non-uniform electron density model, 2D image of a 

whole solar disc that corresponds to Figure 2.1, which has been captured by e-CALLISTO 

spectrometer on 2014/04/16, was taken. To identify the area where the flare has occurred, 

FITS files of series of images were taken to identify the exact image that shows the variation 

of the sun at the moment that the flare was occurred. Fits file which has been published by 

sdo.gsfc.nasa.gov website was used to take the 2D images of the sun. The FITS files were 

read using IRAF software and the images were obtained. When FITS file was read, it was 

shown by a matrix which consists of 1024×1024 pixels. Then the maximum intensity of the 

sequence of images at time from 19:48 to 20:12 were taken and noted as shown in the Table 

3.1.  
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Table 3.1: Maximum intensity of the successive images for a given pixel coordinates 

 

Time 
Coordinates Intensity 

Value X Y 

19:48 138 369 594.44 

19:50 138 369 537.75 

19:52 138 369 414.75 

19:54 138 369 386.44 

19:56 439 449 6236.50 

19:58 453 452 6297.62 

20:00 454 452 10723.10 

20:02 457 450 9166.25 

20:04 458 450 10216.70 

20:06 462 452 6549.75 

20:08 455 448 7857.94 

20:10 455 448 7134.62 

20:12 455 448 4518.69 
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According to the data shown in the table 3.1 a graph was plotted with maximum intensity vs 

x coordinates. Accordingly plotted graph is given in the Figure 3.11. 

 

 

 

Figure 3.11: Maximum intensity vs x coordinate graph 

 

 

In the above graph, point 454 of the x coordinate has the maximum intensity of 10723.1 and 

the coordinate of that point can be written as (454,452). Then by taking (454,452) as a 

reference point, further calculations done for different timeframes to confirm that the same 

point is the maximum. Accordingly calculated intensities are shown in the table 3.2. 
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Table 3.2: Intensities at the reference point (454,452) 

 

X Intensity 
Value 

19:48 20 

19:50 20.875 

19:52 19.6875 

19:54 23.375 

19:56 105.5 

19:58 5038.31 

20:00 10723.1 

20:02 4210.75 

20:04 2478.19 

20:06 1703.62 

20:08 1652.69 

20:10 1477 

20:12 1203.81 

 

Using the data shown in the above Table 3.2, graph (Figure 3.12) was plotted with the 

intensity vs time to identify the variation of the pixel values at reference point. 
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Figure 3.12: Intensity vs time graph 

 

In the above graph the maximum intensity of 10723.1 is given at 20:00. To justify that the 

maximum intensity is given at 20:00, 5×5 error matrix for above all time frames were 

calculated as shown in below Figure 3.13. Sum of all values in the error matrix for each time 

frames were taken as the intensity and further calculations were done. Sum of intensities are 

shown below in Table 3.3. 

 

Figure 3.13: 5×5 error matrix 
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Table 3.3: Sum of intensities in the matrix 

 

Time Intensity Sum 
Value 

19:48 587.5625 

19:50 597.625 

19:52 619.25 

19:54 655.625 

19:56 7142.378 

19:58 58137.017 

20:00 119537.712 

20:02 92709.688 

20:04 70314.255 

20:06 52496.428 

20:08 50536.52 

20:10 45647.194 

20:12 34831.002 
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Above data were used to plot a graph of sum of intensity vs time. The graph is shown in 

Figure 3.14.  

  

 

 

Figure 3.14: Sum of intensity vs time graph 

 

The variation of intensity in the Figure 3.14 is similar to the variation in the Figure 3.12. 

Maximum value of the sum of intensity is 119537.712 and it is at 20:00. Image captured at 

20:00 was taken as the exact image to calculate the coordinates because, when compared 

with the Figure 3.12 and 3.14 the same results were gained. The FITS file read by the IRAF 

software gives a gray colour image as shown in the Figure 3.15. The changed area of the sun 

is shown by the Figure 3.16.  
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Figure 3.15: 2D image of sun 

 

 

Figure 3.16: The area covered by red colour circle shows the changed area 
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The point that the flare has occurred is identified as (454,452) by considering the origin as a 

corner point of the image. Yet for the calculation, the origin should be shifted to the middle 

of the solar disc, since the modified electron density model has been introduced by 

considering the origin from the middle of the solar disc. Accordingly the previous origin is in 

the Figure 3.17 and the expected origin is shown in the Figure 3.18. 

 

 

Figure 3.17: Previous origin by considering (0, 0) to be in the corner of the image 
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Figure 3.18: Expected origin considering (0,0) to be in the middle of the image 

 

When consider the middle of the solar disc as the origin, the point that the flare occurred is 

available in the third quadrant of the Cartesian plane. Then, the values for both X coordinate 

and Y coordinate of that point become negative. If the image was loaded to the matlab 

software, the left side upper corner is normally taken as the origin as shown in Figure 3.19. 
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Figure 3.19: Origin of the image loaded to matlab software 

 

When the origin was shifted to the center of the solar disc corresponding to the origin that 

was given by matlab software, the point that the solar flare occurred was shifted to the fourth 

quadrant of the Cartesian plane. The Figure 3.20 shows the variation. In order to clarify the 

error occurred by this change, the image was rotated in 270° degrees before the calculations 

were made. With the rotation, the point that the flare was occurred shifted back to the third 

quadrant. This is shown in the Figure 3.21.  
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Figure 3.20: The point which the solar flare was occurred has been shifted to the   

fourth quadrant 
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Figure 3.21: 270° degrees rotated image 

 

The new pixel coordinates of the origin was tabulated by matlab and they are  

(523.307831102875, 500.564806364643). Hence the real coordinates of the point was 

calculated by subtracting the value (454,452) taken by IRAF software. Therefore the real 

coordinate of the point that the flare was occurred is given by (-69.3078311028750, -

48.5648063646430). The minus sign is accounted for the fact that the flare has occurred in 

the third quadrant. 
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Figure 3.22: The point that is in red is where we have considered the origin and the point that 

is in green is the point that the flare has occurred 

 

To find the β value, x and y coordinates should be transferred to the unit of solar radius. This 

was done by checking the ratio of the radius of the solar disc to the actual solar radius. After 

that by converting the amount of the solar radius denoted by 1 pixel value and multiplying 

that with the x and y values new coordinates were obtained in the unit of solar radius. 

Accordingly β value was calculated by using equation 2.5. 

* 
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The β values were substituted in the equation 2.3 and electron density values for the different     

‘ r ’ values were obtained. Then ��
��

 values were calculated considering the electron density as 

an exponential function because electron density of non-uniform electron density has been 

derived as an exponential function. Graphs of N vs r and  ��
��

 vs r are shown below in the 

Figures 3.23 and 3.24. 

 

 

 

 

Figure 3.23: N vs r graph 
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Figure 3.24: ��
��

 vs r graph 

 

The values obtained for N and ��
��

 with the non-uniform density model were used in the 

calculation of shock speed given by the equation 2.1 and the results were given in the 

Chapter 04. 
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CHAPTER 04 

RESULTS AND DISCUSSION 

 

4.1 Shock speed for uniform density model 

The graph of shock speed vs r tabulated from the results obtained for the shock speed of type 

II solar burst with the uniform density model as discussed in the Chapter 03 is given in the 

Figure 4.1. Figure 4.2 shows the same for the active sun as described by Newkirk. 

 

 

 

 

Figure 4.1: V vs r curve for uniform electron density model of quiet sun 
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Figure 4.2: V vs r curve for uniform electron density model of active sun 

 

According to the Figure 4.1 and 4.2, the behavior for the shock speed is similar for both 

active sun and the quite sun. Although the value of the electron density is 20 times higher in 

the active sun, the density variation ��
��

 (Figure 3.3) also higher in the active sun by giving the 

same value for the shock speeds for active and quite sun. This can be clearly seen with the 

equation 2.1.  
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4.2 Shock speed for non-uniform density model 

The results obtained for the shock speed calculated from the non-uniform density model as 

described in the Chapter 03 and accordingly plotted graph of shock speed vs r is given in 

Figure 4.3. 

 

  

 

Figure 4.3: V vs r curve for non-uniform electron density model  

 

In non-uniform electron density model, the increment for the speed is slow when compared 

with the uniform density model. Also, the velocity values for the non-uniform model are 

lower than that of the uniform model for the active sun. This is because the electron density 

values of the non-uniform model are higher than that of the active sun and the ��
��

 values also 

higher in the non-uniform model.   
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4.3 Comparison between uniform and non-uniform density models 
The compared values for the Shock speed with the uniform model for the density of the 

active sun and the non-uniform model for the density is given in the Figure 4.4  

 

 

 

Figure 4.4: Velocity curves of uniform and non-uniform electron density models 
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Therefore the shock speed for uniform electron density is quite higher than that of the non-

uniform model. The change of the velocity starts from the 2.0 𝑅� distance. In that point the 

shock speed of the uniform model is 2131 km/s and in non-uniform model it is 766 km/s. 

Although there are no clear evidences for the speed for the type II bursts using non-uniform 

density model, literature says that the typical shock speed is less than 1000 km/s in the above 

distance [10]. That is because the type II bursts are slow drift bursts. Therefore the value we 

obtained from the non-uniform electron density model is quite closer to the typical value. 

Hence we could conclude that the non-uniform density model is more appropriate for 

determining shock speed than the uniform electron density model. Nevertheless one need to 

clarify whether this is more appropriate with more sets of data obtained from e-CALLISTO 

global network. Therefore in future same type of calculations will be done for different sets 

of data in order to decide whether the study of shock speed of type II bursts can be done 

more accurately with the non-uniform electron density model by Newkirk.  
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