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Abstract

There are several solar activities which are unpredictable events in the climate of the solar

model. All solar activities are driven by the changes in the solar magnetic field. Solar flare

is an intense burst of electromagnetic wave imminent due to the release of magnetic energy

combination with sunspots. This has significant impacts on the Earth climate changes and

therefore should study the details of such an important phenomenon. Type II and type III

solar radio bursts were analyzed which detected by e-CALLISTO network system, a system

operates in 67 locations around the world. Using CALLISTO network system, analysis of

type II and type III solar radio bursts were carried out. For the comparison between type II

and type III solar radio bursts, a set of five solar radio burst were taken from e-CALLISTO

system. The five images of solar radio bursts could be analyzed in this research. Using those

analyzed images variations of type II and type III could be retrieved Exponential decay types

curve fitting could be seen in type II solar radio bursts and linear equation model could be

indicated in type III solar radio bursts. Results of the drift rate graphs show the values of

each chosen solar radio burst. High drift rates values can be seen in type III solar flares

whereas low to medium drift rate values can be seen in type II solar flares. Drift rate values

of each solar radio burst is ALMATY type II 2015-11-04: -1.4585 MHz S−1, BIR type II 09-

11-2015: -0.0989 MHz S−1, ROSWELL-NM type II 16-04-2014- -1.07986 MHz S−1, KRIM

type III 07-12-2013: -3.062 MHz S−1 and BLEN7M type III: -2.375 MHz S−1. Consistent

with the second part of research, proved chosen each solar radio burst obey the Newkirk

model. Additionally, the selected solar radio bursts split into subtypes can be seen. These

sub types do not provide any perfect difference between type II and type III because chosen

solar radio burst does not show high variations. All the chosen solar radio bursts were located

in solar radius of 0.9 - 1.3 range. The research results were that the electron density vs height

graph always shows power equations in the form of f(x) = A ×10−bx.The calculation of the

plasma velocity of each solar radio burst was the final part of the research. Low and medium

velocities for type II, solar radio bursts and a high velocity for the type III solar radio burst
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could be perceived. The CME was not associated with selected all type II solar radio bursts.

Therefore velocity of chosen type II solar radio bursts indicates low velocities. The values

are 233.2499 Km S−1 , 815.9522 Km S−1 and 369.5425 Km S−1 . Thus 815.9522 Km S−1

value was fraction higher than expected range. Velocity of chosen type III solar radio burst

was 1443.058 Km S−1
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Chapter 1

Introduction

Solar activity is one of the most important unpredictable events in the climate of solar

model. Solar activities have significant impacts on the Earth climate changes and on the en-

vironment and therefore, should study the details of such an important phenomenon. Solar

activities include solar flares, coronal mass ejections, high-speed solar wind, and solar en-

ergetic particles[1][2]. All solar activities are driven by the changes in solar magnetic field.

Solar flare is an intense burst of electromagnetic wave coming from the release of magnetic

energy combination with sunspots. It is the largest explosive event in our solar system. Solar

flare can be observed by the photons it releases. They have a broad EM spectrum. All the

solar activities consist of highly ionized charged accelerated particles. In this research, the

scope is limited to finding the difference between the type II and type III solar flares, their

properties and how they affect the space weather. There are many types of radio bursts

emanate from the solar corona in a wide height range [3]. Only low radio frequency range is

taken in to consideration for analysis. Properties of radio sources, emission and propagation

of bursts are depend on the temperature, gas density and electromagnetic field. By analyzing

the electromagnetic spectrum created by the solar flare, important details about corona can

be found[4]. Solar radio bursts were the first phenomena identified in radio astronomy field.

Solar radio frequency range is 70 MHz to 2.2 GHz [5][6]. Most of radio burst can be identified

in low frequency range such as below 200 MHz. Depending on the frequencies radio burst

can be classified into five categories [1] [5][2].

• Type I burst (noise storm).

• Type II burst ( slow drift rate).

• Type III burst ( fast drift rate).
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• Type IV burst.

• Type V burst.

The solar flare radio burst spectrum used by e-Calisto system.

Figure 1.1: Type III solar radio burst extracted from e-callisto network.

Type II solar radio bursts are the most common radio burst and are slow frequency drift

bursts. Most of the times they are accompanied by a second harmonic as well. Time duration

of these types of bursts are between 3 min to 30 min. Frequency range between 20MHz 250

MHz[6][7][2][8]. There is a special characteristic in type II solar radio burst called “Herring

bones” as illustrated in Figure 1.1.

The characteristic velocity of the solar disturbance which give rise to these slow burst may

be deduced from their rate of change of frequency. This velocity is of the order of 1000

Km S−1 and as it corresponds to that so-called “auroral corpuscular streams” it has long

been held that the slow bursts are caused by the passage of the streams through the solar

atmosphere [6]. Sometimes velocity of type II is above 200 Km S−1 and sometime half of the

speed of light. Type III solar radio burst is a fast drifting burst in frequency versus time and

common phenomenon. Because the emission is at the plasma frequency (or its harmonic), the
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Figure 1.2: Type II solar radio burst extracted from e-callisto network.

drift in frequency with time can be directly converted into a drift from high to low ambient

coronal density with time [9]. Time duration get few seconds. This type of solar radio burst

commonly occurring in groups of 3 to 10 with total duration of less than 60 min [10]. Type

III solar radio burst as shown in Figure 1.4.

CALLISTO system is which operates at Arthur C Clarke Institute is one of the solar radio

spectrometers in the e-CALLISTO network. The CALLISTO spectrometer is a program-

mable heterodyne receiver built in the framework of IHY2007 and ISWI by former Radio

and Plasma Physics Group at ETH Zurich, Switzerland [11]. The instruments observe auto-

matically, its data is collected every day via internet and stored in a central database. There

are many solar radio stations combine with the e-CALLISTO system. In Sri Lanka, the solar

radio station was setup in Arthur C Clarke Institute for Modern Technologies. The data

taken for this research is mainly taken from our national solar radio station, Ooty and Gauri

station from India, Almaty station, BIR station, KRIM station and Roswell station.
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Figure 1.3: Type II solar radio flare with ‘herring bones’ extracted from Callisto BLEEN
observatory.

1.1 Objective

In this research it is expected to analyze the type II and type III solar flares radio burst and

their properties which include.

1. Plasma velocity or shock wave of solar flares.

2. Intensities of solar flares.

3. Drift rates of solar flares.

4. Electron densities.

The main objective of the research is the study of plasma velocity. Plasma velocity is the

velocity of the solar flare been ejected from the solar atmosphere. Hence, the research invest-
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Figure 1.4: Group of type III burst. Observatory in Kellyville, Kangarlussuaq, Greenland 16
March 16 extracted from http://e-callisto.blogspot.com/.

igates how plasma velocities different from type II and type III. In addition, the relationship

between the plasma velocities and space weather can be evaluated.
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Chapter 2

Literature Review

2.1 e-CALLISTO system

e-CALLISTO system is the name given for the solar radio spectrometer network in the

CALLISTO system. The CALLISTO spectrometer is a programmable heterodyne receiver

built in the framework of IHY2007 and ISWI by former Radio and Plasma Physics Group

at ETH Zurich, Switzerland Callisto stands for: Compound Astronomical Low cost Low

frequency Instrument for Spectroscopy and Transportable Observatory. That system has

more than 121 instruments in more than 67 locations with users from more than 129 countries.

It has been established since 2002[11].

2.2 Earlier researches of solar radio bursts

There are many solar radio burst research projects and most of which are depend on e-

CALLISTO system. This system provides various data from multiple servers. The art-

icles “CORONAL MASS EJECTIONS AND SOLAR RADIO EMISSIONS” and “LARGE-

SCALE SIMULATIONS OF SOLAR TYPE III RADIO BURSTS: FLUX DENSITY, DRIFT

RATE, DURATION, AND BANDWIDTH” were used to check the validity of this research.

2.3 Coronal Density Model

Coronal density models could be used to find the electron density of solar radio bursts. Few

basic electron density models for chromosphere, inner corona and outer corona of the sun

were considered for admonitory purposes. This was because solar radio bursts are originated
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near the solar chromosphere in different height levels. Some are close to the corona of the

sun. Few coronal density models are given below.

• Global sun model[3]

• Newkirk model[3][12]

• Saito model[3]

The research used the Newkirk model to calculate the electron density of solar radio bursts.

Though Newkirk model is a simple model, it is perfect for this research. By using this model

can find the electron density of solar radio bursts in different heights. According to the model

there is a relationship between electron density vs height and it is a power law distribution

where height is calculated from solar radius. All the coronal density models have a common

issue of perturbing electron density. Hence the assumption of “quiet sun” (no solar activities

in the sun) was used. When the sun is “quiet”, the value of electron distribution of corona is

roughly constant[3][12]. Should there be any perturbing coronal density, the electron density

value will change. The distribution of electron density is spherical symmetric but Newkirk

model can use for non- spherical models as well[12]. Electron density of ‘quiet sun’ and

perturbed sun are shown in Figure1 2.1.

Each solar heights have related electron density. Sometimes it will vary 10 times with ori-

ginal value due to perturbing activities[12][3]. Table [13] was helped to acquire comparison

between research results and Newkirk model. Figure2 2.2. has summarize the average char-

acteristics of solar radio events in the lifetime-height space to emphasize their time-space

probing capabilities[3].

1Figure 2.1 adapted from MOTIONS IN THE SOLAR ATMOSPHERE book
2Figure 2.2 adapted from MOTIONS IN THE SOLAR ATMOSPHERE book
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Figure 2.1: Newkirk (1961) coronal density model for the quiet and the perturbed corona.
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Table 2.1: Representative Coronal Electron Densities

R(Ro) Ne cm−3

1.02 4×108

1.1 1.4×108

1.2 7.0×107

1.3 3.7×107

1.4 2.3×107

1.6 1.0×107

2.0 2.8×106

2.5 9.0×105

3.0 4.0×105

4.0 1.2×105

6.0 3.1×104

8.0 1.3×104

10.0 9.8×103

15.0 2.5×103

20.0 1.3×103

30.0 4.6×102

50.0 1×102

100.0 2×101

215.0 2.5
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Figure 2.2: Solar radio events in the lifetime-height space: solid colour continuum emission,
hatched pattern impulsive emission; S-C Slowly-Varying Component, I C Type I Continuum,
I B Type I Bursts, II Bb Type II Burst Backbone, II FS Type II Burst Fine Structures, km
II B Kilometric Type II Bursts, III B Type III Bursts, III S Type III Storm, km III B
Kilometric Type III Bursts, IV C Type IV Continuum, IV M Moving Type IV, V C Type V
Continuum, Dm C Decimetric Continuum, J.L C Microwave Continuum, J.L B Microwave.
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Chapter 3

Methodology

In this research, few solar radio burst events were selected covering type II and III radio bursts

using e- Callisto system which is used to calculate above objectives and get the comparison

between type II and type III.

There were five major solar radio bursts images selected to ensure research and these are

shown in Figures 3.1,3.2,3.3 and 3.4

Figure 3.1: Type II solar radio burst extracted from BIR station 09-11-2015 time period
between 13.04UT- 13.12U.
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Figure 3.2: Type II solar radio burst extracted from ROSWELL station 16-04-2014 time
period between 19.56UT- 20.00UT

3.1 Analysis of drift rates of solar radio bursts

Type II is slow drift from high to low frequency in dynamic radio spectra burst and also

type III is fast drift rate. For us to distinguish, the frequency drift rate of a solar burst is

a power law in the frequency of emission. Drift rate (df/dt) is a displacement of the peak

in frequency per unit time. It can be determined by taking start time to end time and start

frequency to end frequency of the solar burst type II and type III [9].

The equation of drift rate of solar radio burst type II and III was defined in Equation 3.1

[9][10][13].
df

dt
= fe − fs

te − ts

(3.1)

fs is a frequency of starting time, fe is a frequency of ending time, te is an end time andts is

a start time. MATLAB software could be used for analysis of drift rate graphs and few solar

radio stations which belong to e-callisto network system were selected.
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Figure 3.3: Type II solar radio burst extracted from ALMATY station 04-11-2015 time period
between 03.24UT- 03.28UT.

Few solar radio burst flares from each type were taken for getting better comparison between

type II and type III. Drift rate graphs of solar flares can be plotted by using frequency (which

corresponding to highest intensity) with time. This method is used to get the best drift rate

graph of solar radio burst flares. Each type of solar radio flares was extracted by using

MATLAB software. A sample of extracting type II flares was shown in Figure 3.5 and 3.6.

There several noises could be realized in the images. These noises can be reduced by isolating

the solar radio burst part, using the crop tool. This method was successful to reduce noise

in certain levels but not for all. Edited solar flare image was shown in Figure 3.7.

Using cropped image, maximum intensity frequency corresponding to time can be calculated.

Each maximum frequency points and each time were obtain. Subsequently feat those points,

maximum frequency vs time graph was plotted to obtain the drift rate graph. The above

method could be used for each solar flares which were selected. The actual frequency value

of above-plotted graphs could not be acquired due to the extracted solar radio burst image

showed only certain channel number in MATLAB software. The channel number was conver-
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Figure 3.4: Type III solar radio burst extracted from KRIM station 07-12-2013 time period
between 07.24UT- 07.25UT.

ted into the corresponding frequency value by using equations. Maximum frequency vs time

graph could be plotted by using generated frequency value. However certain amount of noise

was still present in the graph. That noise frequency needs to be eliminated to get the best

distribution graph. The shape of distribution shape drift rate could not be retrieved under

the noise frequency. That might possibly affect our final comparison. Noise frequency was

eliminated by deleting the repeating same pattern frequencies in this research. This method

was repeated to all other selected images. After recognizing the noise area of the images had

eliminated the noise frequency. This was shown in Figure 3.8..

The frequency time graph from each image could be obtained by plotting those points.

Equating these graphs can be identified, what is type II and what is type III. Model equations

for each solar radio burst type could be initiated by using frequency vs time graph. The drift

rate vs frequency graph was plotted after the frequency vs time graph. Though to find drift

rate of each solar radio bursts, should differentiate each model equation separately. After

obtaining those derivatives could see a variation of drift rates for each solar radio burst. Thus
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Figure 3.5: Type II solar flare occurred on 4th of November 2015. Detected by Ooty solar
radio station India

by finding the mean value of these drift rates, could obtain an average value for the particular

solar radio burst.

3.2 Analysis of electron density and height of solar ra-

dio bursts

The major issue of this research was find the electron density on chromosphere in sun. The

several solar chromosphere models can be used to find electron density. Newkirk model is

one of the best models that can be used. Newkirk model could be used reversely for verdict

each electron density and height of solar radio bursts. The frequency corresponds to electron

densities should be found for calculating a height of each solar radio burst. The electron
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Figure 3.6: This is an edited type II solar flare using MATLAB. It occurred 4th of November
2015.

densities of each radio burst could be initiated by using Equation 3.2. The main frequency

of plasma radiation F is proportional to electron density
√

Ner [3][14][15][16].

Felec= 8.973×10−3√Ner (3.2)

Where F is a plasma frequency in MHz and
√

Ner is the electron density in cm−3.

A wide range of frequency was selected to get better distributions and it reduced error

factor. The electron density vs plasma frequency graphs could be plotted by collaring the

electron densities related to the plasma frequency. This research only got the highest intensity

frequencies as mentioned earlier and by using same frequency value could find related electron
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Figure 3.7: Cropped Ooty solar flare 4th November 2015.

densities and heights as well The height distribution of electron density could be found by

using Newkirk model as well. Newkirk model equation is shown in Equation 3.3[12][3][15].

Ne = No × 10 4.32Ro
R (3.3)

Where No = 4.2×104 cm−3. - Concentration, Ro - solar radius, R - distance from solar center

to source of type burst.

The distribution graph of electron density vs height could be plotted after getting height

values corresponding to electron densities. The above step was repeated for other chosen

solar radio bursts. Thus, these graphs could be plotted in one main graph. This main graph

should be shown the same pattern as with all the individual distribution graphs, obeying the

Newkirk model.
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Figure 3.8: This solar radio burst extracted from Ooty station 04-11-2015.

3.3 Analysis of plasma velocity of solar radio bursts

Calculation of electron densities and ejection heights were used to calculate its plasma velo-

cities. For this calculation following parameters need to be used as well.

1. Plasma frequencies of each solar radio bursts.

2. Change of Electron density with respect to height.

3. Drift rate value for each solar radio bursts.

Every solar radio burst made up of collections of charge particles. Each particle has its own

frequency, electron density value and drift rate value. In this research, it was impossible to

get all the particles. However taking the highest intensity values of each solar radio burst

helped to get more accurate results.
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Frequency vs time graphs as mentioned in above paragraphs was used to calculate the plasma

frequency of each solar radio burst. Calculation of the change of electron density with respect

to height was the next step and the electron density vs height graphs was used for it. The

each value of the change of electron density with respect to height should be calculated by

differentiating above mentioned graph. An example is given below.

Figure 3.9 shows the electron density vs height graph of type II solar radio burst taken from

ROSWELL station. The equation of each particular graph could be found using regression

analysis. The equation is given below.

F(x)=8.616×108x−10.6 (3.4)

The change of electron density with respect to height could be found by differentiating the

above equation. Values of rates of electron density respect to height are shown in annex 1.

Calculate the drift rate, first needed to use the frequency vs time graph as mentioned earlier.

The next step is to differentiate the graph. To obtain more accurate results, coordinate

points were differentiated individually.

By using the above mentioned parameters (plasma frequency, electron density, drift rate,

change of electron density with respect to height) to the equation 04, could successfully

obtain the plasma velocities of the solar radio bursts [2][16].

v =
2df

dt
N

f dn
dr

(3.5)

Where;

v plasma velocity( km S−1),
df
dt

- drift rate( MHz S−1)

N electron density (cm−3)

f plasma frequency (MHz)
dn
dr

change of electron density with respect to height (cm3 R−1
o ).

As an enrichment for both the reader and the writer, further effort was taken to clearly

show the comparison between mean velocities of the type II and the type III solar radio
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Figure 3.9: Electron density vs time graph of type II solar radio burst taken from ROSWELL
station.

bursts. Therefore, has obtained a graph of mean velocity vs height. This then allows the

clear clarification of the final conclusion.
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Chapter 4

Data Analysis

Five solar radio bursts were selected to analysis in this research. The names of the solar

radio bursts were mentioned in above. Calculation of the drift rates of solar radio bursts

were the first part of this research. According to that drift rates of each solar radio bursts

were calculated. Furthermore the regression analysis was used to obtain better results. An

example are shown in below.

4.1 Calculations of drift rates values

Details of Figure 4.1 shows the best relationship between frequency and time because cor-

relation coefficient between model frequency and original is 0.94516. According to this value

can predict this was a good model and a model equation also straight line type unlike other

type II radio burst shown in above. This is a different between type II and type III. This

straight line shows fast drift rate value compare to others.

Table 4.1: Data table of KRIM 07-12-2013 solar radio burst type III frequency vs time graph

Model equation SSE R-square Adjusted
R-square

RMSE correlation
coefficient

f(x)=3.062x+450.9 1.372×104 0.8933 0.8925 10.23 0.94516

According to the Figure 4.2 indicates the straight line parallel to frequency axis. This is

perfect drift rate line belongs to type III KRIM solar radio burst. It always constant drift

rate value. This constant drift rate value can be acquired by differentiating above frequency

vs time model equation. Compared to other types solar radio bursts this was high drift rate

value.
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Figure 4.1: Type III solar frequency vs time graph extracted from flare KRIM 07-12-2013.

Drift rate of KRIM 07-12-2013 type II solar radio burst is -3.06 MHz S−1

4.2 Calculations of electron density

Next part of this research was the calculation of electron density of solar radio bursts. Ac-

cording to many publications there, some solar radio burst could be ejected in a vast height

range Most of type II and type III radio bursts were situated between solar radiuses 0.1

to solar radius 5[11]. The main problem of this research was how to calculate solar elec-

tron densities in different heights. There were so many Coronal Density models were there.

Newkirk model was the one of the successive model choose by us. Electron density of solar

radio burst related to height could be found by using the Newkirk model.
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Figure 4.2: Type III solar drift rate vs frequency graph extracted from flare KRIM 07-12-
2013.

4.2.1 Distributions of electron density vs plasma frequency graphs

There was five main electron density vs plasma frequency graphs are shown in figures. Each

of graph has belonged to their solar radio burst type. Figure 4.3 shows the distribution of

electron density vs frequency time. According to graph the fractional shape of solar radio

burst could be seen and the reason for this can be obtained the noise.

4.2.2 Distribution of electron density vs height graphs

Calculation of electron density vs height, graphs were the another part of this research.

Above mention five selected solar radio bursts were used to calculate this. This could be

appropriated by using Newkirk model. One of the examples is shown in below.

Identical alignments were seen in graphs. That means all the electron density vs height
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Figure 4.3: Type II solar radio burst electron density vs frequency graph taken from BIR
station.

Table 4.2: Data table of BIR solar radio burst type II electron density vs height graph

Model equation SSE R-square Adjusted R-square RMSE
f(x) = 6.994×108×x7.891 5.386×1013 0.9999 0.9999 2.104×105

graphs obey the Newkirk model as well. Permitting to the chosen type II and type III solar

radio bursts, the electron ejection height range between solar radiuses 0.9 to 1.3 could be

seen. Summary of chosen type II and III solar radio bursts electron density vs height graph

is shown in Figure 4.5.

Table 4.3: Data table of type III and II solar radio burst electron density vs height graph

Model equation SSE R-square Adjusted R-square RMSE
f(x) = 8.994×108×x9.929 5.386×1013 0.9989 0.9989 2.131×107

MOTIONS IN THE SOLAR ATMOSPHERE book has been used to analysis our data fur-

ther[3]. According to that book, our chosen solar radio bursts types belongs to subparts.

Each type II and type III solar radio burst divvied into subparts. There were shown on

Table 4.4 [3], [12].

Comparing our analyzing heights value and above table value, chosen solar radio burst types

belongs to type II Bb, type II FS, type II FS and type III B.
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Figure 4.4: Type II solar radio burst electron density vs frequency graph taken from BIR
station.

4.3 Calculations of velocity vs height graph

Calculation of the drift velocity of type II and type III solar radio bursts was the last step

of this research and for this calculation had to use above data. Electron density rate per

height, related electron density frequency and drift rates of each point of related solar radio

burst types should be calculated for finding velocity.

Figure 4.6 shows the plasma velocity of type II solar radio burst extracted from the BIR

station. There is a better linear distribution in this graph. Better correlation coefficient

value shows the Table 4.5. This indicates our regression model fitted line is true.

Average velocity of BIR 09-11-2015 type II solar radio burst is 233.24 Km S−1

Summary of above all velocity vs time graphs are shown in figure 4.7. According to that
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Figure 4.5: Type III and II solar radio burst electron density vs height graph.

graphs could see high velocity value associated with type III solar radio bursts and low range

velocity values associated with type II solar radio bursts.
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Table 4.4: Classification of solar radio bursts respect to height

Type II solar radio burst with
height range(solar radius)

Type III solar radio burst with
height range(solar radius)

Km II B / solar radius 2 to 200 Km III B /solar radius 2 to 200
II Bb/ solar radius 0.2 to 4 III S / solar radius 0.5 to 4
II FS /solar radius 0.4 to 4 III B / solar radius 0.1 to 4

Table 4.5: Data table of type III and II solar radio burst electron density vs height graph

Model equation SSE R-square Adjusted
R-square

RMSE correlation
coefficient

f(x)=575.1x2 −
1266x + 914.2

0.00979 1 1 0.002837 0.996801

Figure 4.6: Type II solar radio burst velocity vs height graph taken from BIR station 09-11-
2015.
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Figure 4.7: Type II and type III solar radio bursts velocity vs height graphs taken from
chosen station.
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Chapter 5

Conclusions

Drift rates and frequency vs time graphs were obtained in the first part of the research.

Variations of drift rates between type II and type III solar radio bursts can be observed from

this. A difference between type II and type III was also observed by the distribution of solar

radio bursts which were shown by the frequency vs time graphs. The research thoroughly

and successfully analyzed the five images of solar radio bursts. Using those analyzed images

variations of type II and type III could be retrieved. Details of frequency vs time graphs are

shown in Table 5.1.

Table 5.1: Details of frequency vs time graphs

Solar radio burst type Curve fitting type
Type II Exponential fitting f(x) = A×e−bx

Type III Linear fitting f(x)=-mx+c

According to Table 5.1, could see that the type II solar radio burst indicates some exponential

curve fitting model and type III solar radio bursts indicates straight line curve fitting model.

On following these data could find the drift rates of each solar radio burst types. Drift rate

graphs tables are shown in Table 5.2.

Table 5.2: Details of chosen all drift rates

Solar radio burst type Drift rates value( MHz S−1

ALMATY TYPE II 2015-11-04 -1.458
BIR TYPE II 09-11-2015 -0.098
ROSWELL-NM TYPE II 16-04-2014 -1.079
BLEN7M TYPE III 10-06-2014 -2.375
KRIM TYPE III 07-12-2013 -3.062

Table 5.2 shows the drift rate graphs values of each chosen solar radio burst. High drift rates
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values can be seen in type III solar flares whereas low to medium drift rate values can be

seen in type II solar flares.

Fast drift rate values indicate the fast distribution type and this may range from few seconds

to minutes. Slow drift rate values indicate the slow distribution type and this may takes

quite a few minutes. Table 5.2 shows the main different between type II and type III solar

radio bursts.

In the second part of this research, the electron density of solar radio bursts, ejection height

and plasma frequency were calculated. Using Newkirk model could get the above mentioned

parameters. According to the results of plasma frequencies and electron densities some

distributions look like their original image forms. However, their height values depict different

values. That meaning to say that each solar radio burst ejects different heights [[3], [12].Hence

could see that the chosen solar radio bursts split into sub types. According to the “MOTIONS

IN THE SOLAR ATMOSPHERE” [3]book, chosen solar radio burst types belong to type II

Bb, type II FS and type III B [3].These sub types do not provide a perfect difference between

type II and type III because chosen solar radio burst does not shows high variations. All the

chosen solar radio bursts were located in solar radius of 0.9 - 1.3 range, but main point was

that they always obey the Newkirk model graph. The comparison between MOTIONS IN

THE SOLAR ATMOSPHERE book and the research results was that the electron density

vs height graph always shows power equations in the form of f(x)=A×10−bx.

Final part of this research is the calculation of plasma velocity of each solar radio burst.

According to that could see low and medium velocities for type II solar radio bursts and

a high velocity for the type III solar radio burst. This conclusion has further proved by

the figure 30. When Coronal Mass Ejection (CME) was associated with type II solar radio

bursts it helps to improve the velocity. In this research mean velocities of 233.24 Km S−1

, 815.95 Km S−1 and 369.54 Km S−1 for type II solar radio bursts and 1443.05 Km S−1 ,

1205.058 Km S−1 for type III solar radio burst were obtained. According to “CORONAL

MASS EJECTIONS AND SOLAR RADIO EMISSIONS” article, type II solar radio bursts

could get the mean velocities less than 500 Km S−1 and if the CME was associated, they

might get fast mean velocity values.
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Solar radio burst
type

Conclusion

Type II solar radio
bursts • Have got slow drift rate value

.

• According to the research type II solar radio bursts
drift rates are 1.458 MHz S−1 , 0.098 MHz S−1 and
1.079 MHz S−1.

• Shows the same Newkirk model graphs fitting.

• Low to medium range plasma velocities. According
to the research type II solar radio bursts velocities
are 233.24 Km S−1 , 815.95 Km S−1 and 369.54 Km
S−1.

Type III solar • Have got fast drift rate value. According to the re-
search type II solar radio bursts drift rates are -3.062
MHz S−1 and 2.375 MHz S−1.

• Shows the same Newkirk model graphs fitting same
as type II.

• Have high plasma velocity value according to the re-
search values are 1443.05 Km S−1 and 1205.05 Km
S−1.
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Chapter 6

Discussion

In this research, have considered the drift rate of each point for more accurate results. The

drift rate was obtained by differentiating each point on the model fitted line of frequency vs

time graph. Applying the parameters of the chosen solar flares to the Equation 1, drift rates

were calculated. The calculated drift rates are approximately equals to the values obtained.

This was done to check the validity of the research
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Chapter 7
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Chapter 8

Annex

Figure 8.1: rate of electron density respect to height values.

35Cre
at
ed

 in
 M

as
te
r P

DF 
Ed

ito
r


	Introduction
	Objective

	Literature Review
	e-CALLISTO system
	Earlier researches of solar radio bursts
	Coronal Density Model

	Methodology
	Analysis of drift rates of solar radio bursts
	Analysis of electron density and height of solar radio bursts
	Analysis of plasma velocity of solar radio bursts

	Data Analysis
	Calculations of drift rates values
	Calculations of electron density
	Distributions of electron density vs plasma frequency graphs
	Distribution of electron density vs height graphs

	Calculations of velocity vs height graph

	Conclusions
	Discussion
	References
	Annex

