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Abstract

A study is made about the size and dynamic activity of sunspot using
automatically detecting Matlab code "mySS .m" written for this purpose which
mainly finds a good estimate about Sunspot diameter (in km). Theory of the
Sunspot size has been described using equations, where the growth and decay
phases and the area of Sunspot could be calculated. Two types of images, namely H-
alpha and HMI magnetograms, have been implemented. The results are divided into
four main parts. The first part is sunspot size automatic detection by the Matlab
program. The second part is numerical calculations of Sunspot growth and decay
phases. The third part is the calculation of Sunspot area. The final part is to explain
the Sunspot activity during the end of 24™ solar cycle. The relationship between the
number of Sunspot and the time evolution describe solar surface activity.
Calculations made in this work focused on the period from 2010 till 2018. Results
indicated that growth rate is found from the fitting velocity of Sunspots radius
variation due to the time of Sunspots evolution. The Sunspots decayed in the period
time (17-27 Aug 2011) and (14-25 Nov 2010) when using H-alpha images more
than other years of the study, and the little variation in the size of the Sunspots
happened in (03-14 Sep 2016) when using H-alpha images. Results of the third part
showed Sunspots continued changing during the time of study. The explanation was
that more spots appear at the beginning and the magnetic field is strong when the
area of observed sunspots increased with time, and vice versa. Results of the fourth
part showed that the Sun in 2018 was the least active in that period, and in 2014 it
was at highest activity.
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1. Introduction

Sunspots are cooler active regions on the photosphere that emits a lower intensity of light in all
directions. When concentrated magnetic field lines start to emerge from the photosphere directed
outward toward the solar corona the sunspots developed. The isolating of the plasma within these
field lines remained from the surrounding solar surface due to a condition called ‘frozen-in’ magnetic
field [1]. The solar convection below the flux tube hampered by the orientation and force of the local
magnetic field, resulting in fewer plasma particles within this region. Both pressure and temperature
within the flux tube decrease while magnetic pressure keeps the flux tube from collapsing inward [2].
There is relation between the sun cycle and the number of the sun spots which the number of sun spots
called 'The international sunspot number ' or ‘Zirich number'. The number of sun spots is a quantity to
measure the number of sunspot in the photosphere of the sun and there are groups of sun spots on the
surface of sun. There is a relation between the solar cycle and the appearance of sun spots on the sun.
The suns magnetic poles reverse every 22 years. This polar reversal is known as the solar activity so
two sun spots occur at 11year intervals within each solar [3]. There is a relation between the sunspots
and the flares, a solar flare is an intense burst of radiation coming from the release of magnetic energy
associated with sunspots. Flares are our solar system largest explosive events. They are seen as bright
areas on the sun and last from more minutes to several hours. Sunspots are regions of the suns
photosphere caused by the solar magnetic disturbance while the flare is an eruption of plasma from the
chromospheres of the sun that is caused by instance magnetic activity[4]. Sunspots are magnetic
structures that appear dark on the solar surface. Each sunspot is characterized by a dark core called the
umbra and a less dark halo called the penumbra. The presence of a penumbra is important to
distinguish sunspots from the usually smaller pores. The sunspots has two parts the central dark part of
the sunspots is the umbra and the outer part is the penumbra. The granular convection cells are the
surrounding bright cells with dark boundaries [5].

Sunspots harbor magnetic fields which inhibit at least partially convection energy transport leading
to the darker appearance of the umbra. The most strong plasma flow is observed in the penumbra
dominated by the flow which is interpreted as a horizontal outflow pattern with velocities roughly in
the range 2-6 km/sec. The magnetic field is almost vertical in the umbra. Forced by the exponential
decrease of density and flux conservation the field lines spread out with height giving rise to a
magnetic canopy[5].

The penumbra carries a significant of the total magnetic flux which makes it a deep structure as
opposed to a shallow structure. Besides its large-scale structure that is stable on the time scale of days
to weeks. The penumbra and umbra of sunspots appears to be organized on very small dynamic scales
(0.1arcsec). We can assume that the magnetic field and its interaction with plasma flows are the main
actors in producing and organizing this fine structure [1]. The sunspots sometimes are biggest to see
them by telescope, and they only that recorded in an ancient times. To see those spots must be larger
than about 5 x 10* km in diameter (four times than the size of the Earth). Most of this spot called
naked eye sunspots are groups of spots that look like one large spot.

Sunspots display a large size distribution. Very large sunspots can often reach diameters of
6 x 10* km or more. Mainly large sunspots (or tight groups of smaller ones) are visible to the
naked eye under clement conditions (just before sunset on a cloudy day) or when the brightness
of the solar disc is reduced with the help of filters. The smallest sunspots are roughly 35 x 102
km in diameter making them smaller than the largest pores, whose diameters can be as large as 7
mm|[3].
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2. Details of Present a Matlab Code

A Matlab computer code was written in this paper with the help of the supervisor in order to
automatically calculate the size of sunspot. The code name is "mySS .m". It uses three parts:
1-The function my-sun-spot.m, which is a modified function from the original Matlab example file
ipexradius.m. It is used to determine the solar radius from the image automatically. The actual sun
radius is 6.94 x 107 km as shown in Figure-1.
2-The function dri.m which determines the region of interest where the sunspot exists from the image.
3-The main program which determines the sunspot region's area. Figure the size of sunspot is given in
pixels and kilometers as shown in Figure-2.
The size of sunspot is found from a simple arithmetic procedure. The solar size is used to find the
coefficient P which is the ratio between the radius of the real sun in km units to radius of the real sun
in pixels. Then:

Radius of the real sun in (km)

" Number of pixels in the image of the sun - (@)
After calculating the radius of the sunspot K from the image in pixels, the radius of the sunspots in km
is:

Rgunspor = P * K R ¢/
Rsunspot = The radius of sunspot in in km.

P= the ratio between the radius of the real sun in km units to the radius of the real sun in pixels.

K = The radius of the sunspot from the image in pixels

Figure 1-The result of my-sun-spot.m function . The solid frame is selected by the user to determine
the region of interest in the image.
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Figure 2-The result of "mySS.m" code. This is the detected sunspots on 2014-2-21 at 04:16:54
,which is shown to have many sunspots.

3. The Sunspots Activity

The activity of Sunspots which is given by potted the relation between the number of Sunspots that
appear on the surface of the Sun with time of Sunspot evolution in (sec). The number of Sunspot that
appears on the surface of the Sun changes from year to year. The rise and fall in Sunspot counts is
a cycle. When few Sunspots appear on the surface of sun the time is called a solar minimum The solar
activity shows a clear increase of sunspots and their locations across the tropical circle of the sun. The
number of sunspots that used in the program of Matlab to plotted the relationship between the number
of sunspots and the time of sunspot evolution, are taken from (http://www.sidc.be/sislo/inforsndtot ).

4. Results and Discussion
1- Sunspots Evolution

The behavior of the size of sunspots calculated through 9 years (2010-2018) using two types of
images (H-alpha and HMI magnetogram).The HMI Magnetogram can only measure the component of
the solar magnetic field parallel to the observer’s line of sight. Tt’s used to track variations in the solar
magnetic field at the photosphere. Also referred to as a line-of-sight magnetogram in order to
distinguish from vector magnetograms. Typically, magnetograms are gray scale images with white
shaded regions implying outward directed magnetic field lines and black representing inward directed
magnetic field lines. Shades of gray denote no net line-of-sight magnetic field. HMI Magnetogram
images use the Zeeman splitting of the 6173 A spectral line to measure then Stokes parameters and
determine the magnetic polarity of solar active region. The results were plotted in Figure-3(a) to
Figure- 3(r).

When compared between the results of sunspots for 2010, 2011 and the results for 2012
respectively, as shows in the below figures the right images are H-alpha and the left images are the
HMI magnetogram images. We noticed that the first coefficient (slop) for the fitting equation for data
of 2010 its larger than the first coefficient (slop) for the data of 2010 and 2011 for H-alpha images this
mean that the variation of radius of sunspots to the variation of time is very large .So the radius of
sunspots increase therefore the size of sunspots larger than the size of sunspots for the time period (
17-27 Aug 2011) and (02-11 June 2012). This difference between the outputs of research code is
caused by the different between the two images that used in this research.
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Figure 3(a)-Behavior of sunspots evolution Figure 3(b)-Behavior of sunspots images for
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Figure 3(c)-Behavior of sunspots evolution using  Figure 3(d)-Behavior of sunspots images for
H-alpha the period of time (17-27 Aug 2011). evolution using HMI images for the period
of time (17-27 Aug 2011).
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Figure 3(e)-Behavior of sunspots evolution using H-alpha  Figure 3f)-Behavior of sunspots images
for the period of time (02-11 June 2012). evolution using HMI images
for the period of time (02-11 June 2012).

When compared between the results of sunspots for the 6 years (2013, 2014, 2015, 2016, 2017,and
2018) respectively , as shows in the below figures.

We noticed that the radius of sunspot in 2014 still on the average 33167 km in HMI larger than
that on the H-alpha image. The size of sunspot is increase with time when using HMI magnetogram
images. The radius of sunspots when using HMI magnetogram images are changed more than that
when using H-alpha images. The slop of the fit line for HMI magnetogram image is equal to -0.0065,
which is larger than that of H-alpha image that equal to -0.0125, but the y-intercept of H-alpha image
of value 21036 km is larger than that of HMI magnetogram image of value 15927 km. These values
mean the size of sunspots is still on average 21036 km lager than previous one. The largest value of
slop is 0.0266 for time period from 13 to 23 Dec 2015 using H-alpha images, this value mean that the
radius of the sunspot rise and fall from day to day, and its larger than that when used HMI
magnetogram images for the same time. So the variation in the size of sunspots in H-alpha images is
larger than that of HMI magnetogram images, and this value of slop is larger than that for the other
years, So the variation in the radius in 2015 is larger than that of 2016,2017 and 2018. The largest
value of y-intercept is 98748 km for time period from 13 to 23 Dec 2015 using HMI magnetogram
images. This value means that the radiuses of Sunspots are still on the average of 98748 km larger
than that on the H-alpha images, and its larger than that for the other values of 2016,2107 and 2018.
This means that the sizes of sunspots for 2015 are larger than that for 2016, 2017 and 2018.
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Figure 3(g)-Behavior of sunspots evolution using Figure 3(h)-Behavior of sunspots images
for the H-alpha period of time (02-11 April 2013). evolution using HMI images for the period
of time (02-11 April 2013).
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Figure 3(k)-Behavior of sunspots evolution using Figure 3(I)-Behavior of sunspots images for
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Figure 3(m)-Behavior of sunspots evolution using  Figure 3(n)-Behavior of sunspots images for the
H-alpha period of time (03-14 Sep 2016). evolution using HMI images for the period of
time (03-14 Sep 2016).
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Figure 3(q)-Behavior of sunspots evolution using  Figure 3(r)-Behavior of sunspots images for the
H-alpha period of time (05-16 Feb 2018). evolution using HMI images for the period
(05-16 Feb 2018).

2-The Sunspots Activity (The Relation Between The Number of Sunspots and The Time of
Sunspots Evolution)

In this section the relationship between the number of Sunspots that we are get it from SIDC and
the time of Sunspots evolution in sec. Figures-(4(a),4(b),4(c),4(d),4(e),4(f),4(g),4(h),4(i)) show the
relation between the number of Sunspots and the time of Sunspots evolution in (sec) for 9 years (2010-
2011-2012-2013-2014-2015-2016-2017 and 2018).

The period (14-25 Nov 2010) considered as a solar minimum because the number of Sunspots
decreased and when the average of number of Sunspots is little the sun is inactivity. While the period
(17-27 Aug 2011) considered as a solar maximum because the number of Sunspots increase and when
the average of number of Sunspots is large the Sun is activity.
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The year 2011 is more active than the year 2010 because there are many Sunspots on the surface of the
sun than that in 2010. This means that there are periodic changes in the properties of the Sun is
coupled with hurricanes of hot gases and changes in their magnetic field. When compared between the
results of the years 2010, 2011 and 2012 the number of Sunspots on the surface of the sun in 2012 is
more than the number of Sunspots that appear on the surface of Sun in the years 2010 and 2011. This
means that the Sun in 2012 is more activity than that in 2010 and 2011. Then when compared between
the results of the years 2010, 2011, 2012, 2013, 2014, 2015 and 2016, the number of Sunspots on the
surface of the Sun in 2016 is less than the number of Sunspots that appear on the surface of Sun in the
years 2011,2012,2013and 2015 but more than that in 2010. This means that the Sun in 2016 is less
activity than that in 2011 and 2015. The year 2017 is less activity than that in 2011 and 2016.

When compared between the results of the year's 2010, 2011, 2012, 2013, 2014, 2015, 2016, 2017 and
2018 the number of Sunspots on the surface of the Sun in 2018 is less than the number of Sunspots
that appear on the surface of Sun in the years (2011, 2012, 2013, 2014, 2015 2017 and 2018). This
means that the Sun in 2018 is less activity than that in (2011, 2012, 2013, 2014, 2015, 2016 and 2017).
From the figures the trend of Sunspot number throughout a solar cycle is well known and generally
rises rapidly at the start of a solar cycle before a slower decrease towards the end of the cycle.

Number of sunspots with time of sunspots evolution(sec)(red strikeswith linear fit (blue line)

Y
*

Number of sunspots
-

15 16 17 18 19 2 21 22 23 24

Time of sunspot evoluion(sec) X 106

Figure 4(a)-Relation between the number of sunspots and the time of sunspots evolution in (sec) for
the period of time (14-25 Nov 2010).
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Figure 4(b)-Relation between the number of sunspots and the time of sunspots evolution for the
period of time (17-27 Aug 2011).
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Figure 4(c)-Relation between the number of sunspots and the time of sunspots evolution in (sec) for
the period of time (02-11 June 2012).
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Figure 4(d)-Relation between the number of sunspots and the time of sunspots evolution in (sec) for
the period of time (02-11 April 2013).
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Figure 4(e)-Relation between the number of sunspots and the time of sunspots evolution in (sec) for
the period of time (10-20 Feb 2014).
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Figure 4(f)-Relation between the number of sunspots and the time of sunspots evolution in (sec) for
the period of time (13-23 December 2015).
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Figure 4(g)-Relation between the number of sunspots and the time of sunspots evolution in (sec) for
the period of time (03-14 Sep 2016)
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Figure 4(h)-Relation between the number of sunspots and the time of sunspots evolution in (sec) for
the period of time (01-12 Aug 2017).
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Figure 4(i)-Relation between the number of sunspots and the time of sunspots evolution in (sec) for
the period of time (05-16 Feb 2018).
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7. Conclusion

The largest sunspots appear in 2015 more than the other years that have been studied using HMI
magnetograms images, but the largest sunspots appear in 2012 when using H-alpha images. This
difference in the results caused by the differences between the images that have been used and the
differences between the data sources. There are more spots beginning to appear and the magnetic field
is strong when the area of observed Sunspots increased with time , but there are spots beginning to
appear but the spot magnetic fields are still weak when the area of observed Sunspots decreased with
time. The sunspots in 2014 are more active than 2010, 2011, 2012, 2013, 2015, 2016, 2017 and 2018,
and the sunspots in 2018 are less active than 2010,2011,2012,2013,2014,2015,2016 and 2017.
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