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Abstract

This study is dedicated for observing and studying sunspots in the visible and

near infrared regions. Visible and near infrared CCD solar imaging system employing
5 inch reflecting telescope is used. The obtained visible and near infrared solar images
during the period 01-31, January 2007, and their measurements are presented and
compared.
Images obtained with the wavelength 850 nm show sunspot groups of sharp contrast
compared with the visible spectrum images. This leads to larger values of solar
activity measurements R and larger daily total sunspots groups areas . According to
Mclntosh sunspot classification the frequency of occurrence among the allowed types
of sunspot groups is the same in the both regions. However , the adoption of
wavelength 850 nm is recommended for reliable sunspot observation and calculation .
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1. Introduction

Observation of the Sun's
surface, also called the photosphere
with special filter usually shows the
presence of dark spots on the Sun's
surface. Sunspot vary in size from
2,000km to 100,000 km. Larger spots
consist typically of an umbra (dark

core) surrounded by a penumbra
(bright grey area). Sunspots have a
lifetime from as little as a few hoursto
many weeks.

Sunspots are changing with time, their
progression across the solar disk
revealing the Sun's rotation. The
relation period of the Sun is afunction

*Applied Sciences Department, Univer Sty of Technology/ Baghdad
** Science College, Univer sity of Baghdad/ Baghdad

https://doi.org/10.30684/¢t].28.7.10

2412-0758/University of Technology-Iraq, Baghdad, Iraq

This is an open access article under the CC BY 4.0 license http://creativecommons.org/licenses/by/4.0



https://doi.org/10.30684/etj.28.7.10

.& Tech. Journal ,Vol. 28, No. 7,2010

Observing And M easuring Sunspotsin
VIS And NIR Regions

of latitude, varying from 25 to 34 days,
the period increasing as higher solar
latitude are reached. When a spot
approaches the solar limb, it appears as
acavity on the solar surface [1].

Because sunlight is so bright,
it can be filtered down to a narrow
band of color emitted by some specific
atom ("spectral line") and still have
enough brightness left to observe the
Sun in detail. Pictures taken of the Sun
in such filtered light show much more
detail than pictures taken in plain
sunlight, and contain additiona
information; for instance, the magnetic
nature of sunspots was found by
observing them in spectral lines
sensitive to magnetic fields.

Certain spectral lines are a
vary range of colors at which an object
such as the Sun shines less brightly or
brighter than at nearby colors (e.g. the
red line of hydrogen and Calll linein
one ionized calcium (at 849.5, 854.2,
and 866.2 nm) these lines particularly
useful, because they come from high
levels in the Sun's atmosphere. When
the Sun is observed in the light of such
lines, a sudden brightening is now and
then seen near the sunspots, at times
expanding tens of thousand of
kilometers in a matter of minutes.
Such abrupt events were named solar
flares, and what made them especially
interesting was that occasionally, after
a prominent flare, a magnetic storm
would erupt on Earth. [2]

Most works, aimed at observing and
calculation of sunspots, have dealt
with the visible spectrum, utilizing
either  conventional  photographic
images or modern CCDs digital

images. Several works that have
studied the characteristic of sunspots
with the visible spectrum are reported
[3-7].
However, no works on studying the
characteristics of sunspots in near
infrared region have been mentioned .
This work is aimed at observing the
sunspots in the visible and near
infrared wavelengths and carrying out
measurements of sunspots in both
spectra.
Results are compared and showed that
850 nm images reveal sharp high
contrast sunspots.
2. Observations

Solar images that have been
obtained in this work during the period
01-31 January, 2007 both visible and
NIR region are illustrated in Fig.l1.
Sunspot groups, AR(933), AR(935),
AR(940), and AR(941) are shown.
The observing system used here is a
CCD imaging arrangements
employing 5 inch Cassegrain telescope
objective ( an objective that is
adequate  for the  current
observation and  measurements
athough larger objective s
recommended for  examining
detailed sunspots fine structures )
assembled for the purpose of making
this work possible.
3. Data Analysis
Table 1, summarizes the results of
data analysis for the CCD solar
imaging system. Data for each day
shown in this table are divided into
two parts.
The first part (part i) explains the data
for the active regions in VIS. The
second part (part ii) clears the data
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about the active regions in the NIR
region. For more details about the
table information see appendix A.

4. Sunspot M easur ements

Several types of sunspot
measurements were implemented to
determine the levels of the solar
activity.
The daily sunspot number and area at
each location of the sunspot groups
indicate a general rise in the sunspot
activity. Classification of the sunspot
groups visible on the solar disk may be
determined to know how many
number of the frequent sunspot groups
could cause strong solar activity.
4.1. Sunspot L ocations

Location of the sunspot groups can
be measured in terms of heliographic
latitude and longitude for each group
seen on the solar disk. The latitude and
longitude of any feature on the
photosphere of the Sun change with
time. [8]

4.1.1 Latitudinal Distribution for the
Sunspot Groups

Heliographic latitude for each
sunspot group across the solar disk as
a function of date is shown in Fig. 2.
Distribution of the sunspot groups
shows a variation between northern
and southern hemisphere with more
number of sunspot groups being in the
southern hemisphere.
The daily motion of the sunspot groups
over a heliographic latitude changes by
an average +/- 0.5 degree and it tends
tolie dightly closer to the equator.

4.1.2 East-West Distribution of the
Sunspot Groupson the Solar Disk
East-West distribution of the sunspot
over the Sum’s centra meridian is
illustrated in Fig. 3. The start of the
sunspot groups formation is usually at
a higher longitude on the eastern limp
of the central meridian. During the
proper motion of the sunspot groups,
the longitude will decrease by an
average 13 deg. per day at the same
time of the observation to reach its
minimum values when the groups start
to decay as the magnetic field
strengths are weaken. [9]
4.2. Sunspot Number
The daily variation to both sunspot
groups and sunspot numbers on
January, 2007 is shown in Figs. (4; a,
b).
The larger number of the sunspot
groups during 01-31, January was
cleared on 01-13, January. The group
numbers gradually decrease on the
period 14-24, January to rise again for
therest of the period. See Fig. 4, a
The sunspot number can be used to
predict levels of solar activity.
Generally, the solar activity during
January, 2007 is low. Higher levels of
solar activity occur on 01-13 January.
Very low activity is during 14-24
January.
An increase in the solar activity
happens during the remainder of the
period. See Fig. 4, b.
Results of the CCD solar imaging
system depict the levels of solar
activity
on 02-04 January in the NIR region
that are larger than in the visble
region, this occurs also on 21-22
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January and 29 January, due to the
increase in the number of visible
sunspots in this region for the same
appearing groups .
4.3. Sunspot Area

The measurement of the area of the
sunspot groups is important from the
point of view of studying the sunspots
and their effect on the solar irradiance.
[4]

For each daily observation, the total
sunspot area is calculated and plotted
asafunction of date.

Fig. 5 shows the sunspot area in
millionths of the Suris visible
hemisphere since January 01 until
January 31 for each visible group on
the surface of the Sun.
The sunspot groups areas in the NIR
region are bigger than those in the
visibleregion see Fig. 5, aand b.
The daily total area for the sunspot
groups during 01-31 January is shown
inFig. 6. Thefigureillustrates that the
larger area appears at the date of larger
solar activity and lower area appears at
date of lower solar activity.
4.4. Sunspot Classification

Classification of sunspot groups

on the surface of the Sun according to
Mclntosh sunspot classification system
is based on three criteriaz the
configuration of the sunspot groups,
the type of the largest spot, and the
distribution of the spots within the
group. [10]
Table 2 gives the frequency of
occurrence of the types of spot groups
during 01-31 January, the frequency of
occurrence for each of the previous
groups of classification has been
calculated from table 1 and displayed

inFig. 7.
It isclear from the previous figure that
more frequent groups during this
period are class H, and then class D,
some of groupsareclasses c.
5. Conclusions

In this work special attention has
been paid to observe and image
sunspots in the 850 nm wavelength.
Solar images in the visible are also
recorded and compared with those
obtained in near infrared. In genera,
the following concluding remarks have
been reached.

1. Sunspot groupsinthe NIR
seem darker and sharper than
those observed in the VIS;
bright sunspot has poor
contrast inthe VIS. This
affects the sunspot
measurements and |eads to:

a) Solar activity
measurements R in
NIR region are larger
thaninthe VIS
region.

b) Individual sunspot
groups areas in the
NIR solar images are
larger than those in
thevisibleregions.
Therefore, the daily
total sunspot groups
areasin NIR region
arelarger.

2. Allowed types of sunspot
groups in Mclntosh sunspot
classification are the samein
each of the NIR and the
visibleregions. Thus, the
frequency of occurrence
among the types of sunspot
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groups is the same.
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Appendix A: Solar Region Summary
The summay and the detailed
description of the active regions
visible on the solar disk are described
asfollows.

Description

Pat 1. Describes al active regions
with sunspot groups.

Numb: An SESC regions number
assigned to a sunspot group during its
disk passage.

Location: Sunspot group location, in
heliographic degrees (latitude and
longitude) east or west from central
meridian.

Lo: Carrington longitude of the group.
Area: Total corrected area of the group
in millionths of the solar hemisphere.
Z: Modified Zurich classification of
the group.

LL: Longitudinal extent of the group
in heliographic degrees.

NN: Total number of visible sunspots
in the group.

R: The sunspot number.
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Table( 1) : Resultsof CCD solar imaging system in VIS and NIR regions on date
01-31 January, 2007.

Sunspots M easur ements
R NN LL z Area Lo | Location [ Nmb Day
r.
Visible 1 0 05 Dso 0180 041 SO3E51 | 0933 1
1 1
NIR 1 0 06 Dso 0190 041 SO3E51 | 0933
1 1
Visible 2 0 05 Dao 0210 039 SO3E38 | 0933 2
3 2 02 Hrx 0040 007 | NO4E70 | 0935
0
1
NIR 2 0 06 Dao 0230 039 SO3E38 | 0933
4 3 02 Hrx 0050 007 | NO4E70 | 0935
0
1
Visible 23| 02 01 Cho 0240 | 037 SO4E28 | 0933 3
01 03 Hhx 0200 009 SO6E56 | 0935
NIR 24| 03 01 Cho 0280 | 037 SO4E28 | 0933
01 03 Hhx 0200 009 SO6E56 | 0935
Visible 22 01 05 Dao 0180 | 036 SO5E16 | 0933 4
01 03 | Hhx 0240 | 011 SO6E41 | 0935
NIR 23 02 06 Dao 0200 | 036 SO5E16 | 0933
01 03 | Hhx 0260 | 011 SO6E41 | 0935
Visible 22 01 06 | Dao 0150 | 028 SO5E04 | 0933 5
01 01 | Hax 0220 | 016 SO6E28 | 0935
NIR 22 01 07 | Dao 0180 | 028 SO5E04 | 0933
01 02 | Hax 0240 | 016 SO6E28 | 0935
Visible 22 01 05 | Ceo 0150 033 | S08WO02 | 0933 6
01 03 Hax 0180 012 SO5E16 | 0935
NIR 22 01 08 | Ceo 0170 033 | S08WO02 | 0933
0 04 Hax 0200 012 SO5E16 | 0935
1
Visible 22 01 02 | Hkx 0150 | 029 [ SO5W16 | 093 7
01 02 Cho 0200 | 010 [ SO06WO03 3
093
5
NIR 22 01 03 | Hkx 0160 | 029 | SO5W16 | 093
01 03 | Cho 0240 | 010 | SO6WO03 3
093
5
Visible 22 01 02 Cki 0150 | 032 | SO5W30 | 093 8
01 02 | Hkx 0230 | 009 | SO7WO09 3
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093
5
NIR 22 01 02 Cki 0170 032 | SO5W30 | 093
01 03 Hkx 0240 009 | SO7W09 3
093
5
Visible 22 01 04 Cki 0250 033 | SO5W42 | 093 9
01 02 | Hhx 0220 011 | SO7W23 3
093
5
NIR 22 01 05 Dhi 0270 033 | SO5W42 | 093
01 03 | Hhx 0240 011 | SO7W23 3
093
5
Visible 2 0 04 Cao 0150 042 S04E54 0933 10
2 1 03 Hhx 0190 012 SO7W37 | 0935
0
1
NIR 2 0 04 Cao 0180 042 SO7W54 | 0933
2 1 03 Hhx 0210 012 SO7W37 | 0935
0
1
Visible 1 0 03 Hhx 0150 012 S06W51 | 0935 11
1 1
NIR 1 0 04 Hhx 0160 012 SO06W51 | 0935
1 1
Visible 11 01 02 Hsx 0170 011 SO7W63 | 0935 12
NIR 1 01 02 Hsx 0180 011 S06W63 | 0935
1
Visible None 13-20
NIR None
Visible 12 02 04 Dac 0050 217 S01W29 | 0939 21
NIR 1 03 05 Dac 0070 217 SO01W29 | 0939
3
Visible 12 02 04 - 0070 214 | NO1IW39 | 0939 22
NIR 13 03 05 Dso 0100 214 | NO1IW39 | 0939
Visible 12 02 05 Dai 0120 213 NO2wW51 | 0939 23
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NIR 12 02 05 Dai 0130 213 NO2w51 | 0939
Visible None 24-26
NIR None
Visible 11 01 04 Hax 0150 039 S09E71 0940 27
NIR 11 01 04 Hax 0150 039 S09E71 0940
Visible 11 0 05 Dao 0160 040 S08E57 0940
1 28
NIR 1 0 05 Dao 0140 040 S08E57 0940
1 1
Visible 2 0 03 Dso 0170 043 S07E40 0940 29
2 1 04 Hsx 0100 007 S08E76 0941
0
1
NIR 2 0 05 Dso 0200 043 S07E40 0940
3 2 05 Hsx 0110 007 S08E76 0941
0
1
Visible 23 02 05 Dao 0140 038 SO07E32 0940 30
01 02 Hsx 0090 009 SO5E61 0941
NIR 2 03 05 Dao 0160 038 SO07E32 0940
4 01 03 Hsx 0100 009 SO5E61 0941
Visible 23 02 08 Dsi 0200 040 S06E17 0940 31
01 02 Hhx 0100 011 S04E46 0941
NIR 23 02 08 Dsi 0200 040 SO06E17 0940
01 03 Hhx 0110 011 S04E46 0941

Table (2) Thefrequency of occurrence of the 13 types of sunspot groups
during January, 2007.

Frequency of occurrence: Sunspot
Visible NIR types
2 Cao
1 Cho
2 1 Cki
1 2 Dso
1 1 Dsi
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Figure(1) : solar image observed by CCD solar
imaging system in a) VISregion b) NIR region
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Figure(1) (Cont.)
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Figure(2) Latitudinal distribution for the sunspot groupson the solar
disk.
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Figure (3) East - West distribution for the sunspot groups on the solar disk
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Figure (4) a) Change of the number of the sunspot groupswith date.
b) Change of the sunspot number with date.
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Figure (5) Sunspot area for each group at:
a) visibleregion, b) NIR region.
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Figure (7) Frequency of occurrence among the types of sunspot groups
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