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ABSTRACT 
 

The project concerns the observation and study of sunspots, the simple calculation of the 

differential rotation speed of the Sun with methods available to lower and upper secondary 

school students. For the direct observation of the sunspots we can use a telescope and project 

the image of the Sun on a paper. For indirect study we download images of sunspots or 

groups of sunspots from the SOHO database which were taken on different days but at a 

specific time. The selected images are placed in a calibration grid in order to accurately record 

the location of the sunspot and its size on different days from its appearance to its 

disappearance. Based on the data shown, students can calculate the rotation speed of the Sun, 

and answer to questions such as: how sunspots are formed, what does their appearance, size 

depend on, how does their activity affect – if it does – the energy balance of the Sun and so 

on. The results can be checked if these images are run by the Aladin and JHelioviewer 

software’s, thus we obtain the data for the development of spots and the rotation speed of the 

Sun. 

 

INTRODUCTION 

 
The sunspots are the most spectacular formations of the Sun’s photosphere. These formations 

can be observed with telescopes and sometimes even with the naked eye (using safety or 

special glasses!). We have known of the existence of sunspots for three thousand years. The 

first records are from the 12
th

 century BC, found on Chinese oracle bones: “Will there be 

signs on the Sun? There are signs on it indeed.”  

 

The first European records come from the 4
th

 century BC, put down by Theophrastus who 

mentioned the dark spots on the Sun among the signs used to forecast the weather. The 

invention of the telescope was a real breakthrough in astronomical observations. At the 

beginning of the 17
th

 century T. Harriot, J. Fabricius, G. Galilei and C. Scheiner’s 

observations and records proved to be significant. Galileo’s observations with the telescope 

(1610) showed that the dark spots were really on the surface of the Sun and were not caused 

by planets passing in front of the Sun.  

 

In his book entitled Rosa Ursina (1630), C. Scheiner published his observations done between 

1611 and 1625. He managed to determine, from the apparent movement of the sunspots, the 

rotation speed of the Sun. Based on sunspot measurements, Carrington determined the 

sidereal rotation period of the Sun (25.38 days), and the rotation axis of the heliographic 

coordinate system. Spörer found that sunspots first in the beginning of the cycle appear at 

larger widths latitudes, but not higher than ±40° and appear die away near closer to the 

equator at the end of the sunspot cycle.  
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Figure 1. The differential rotation of the Sun and solar-dynamo 

 

The Sun rotates on its axis like the Earth. But the Earth rotates at all latitudes every 24 hours, 

the regions of the Sun near its equator rotate once every 25 days. Since the Sun is not solid, 

but rather is a giant ball of gas and plasma, different parts of the Sun spin at different rates. 

The Sun's rotation rate decreases with increasing latitude, so that its rotation rate is slowest 

near its poles. At its poles the Sun rotates once every 36 days. This is known as differential 

rotation.  

 

 

Figure 2. The structure of the Sun. How develop the sunspots. 

Since the Sun has a differential rotation, scientists need a system to compare locations on the 

Sun over a period, especially for tracking sunspots. Richard Carrington was the first 

astronomer who noted that the sunspots rotate every 27.28 days. This rotation period is known 

as the Carrington rotation and roughly corresponds to rotation at latitude of 30 degrees, which 

is the typical latitude of sunspot activity. Beginning on November 9, 1853, the Carrington 

rotation system numbers each rotation of the Sun with a unique number called the Carrington 

Rotation Number. The sunspot cycle is nearly 11-year long on average. The end of one cycle 

and the beginning of the next cycle is marked by the reversal of the Sun's magnetic field. Like 

the magnets the sunspots are characterized by north and south magnetic poles. In one cycle 

these poles will have a north-south orientation, but in the following cycle they will have a 

south-north orientation. This quiet period marking the end of one cycle and the beginning of a 

new cycle (when the sunspot are forming with reversed poles) is the solar minimum. The 

solar maximum occurs in the middle of the cycle when solar activity is at its extreme top, 

meaning that numerous sunspots are present on the surface of the Sun and prominences, 

flares, and storms. [3] 
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Occasionally the solar cycle deviates from its 11-year norm. From 1645 to 1715, a period of 

about 70 years, the Sun showed very little activity and sunspots were exceptionally rare. This 

period became known as the Maunder Minimum, named after astronomer Edward Maunder 

who studied sunspot activity. Our Sun currently is in the 24
th

 Cycle and the maximum were in 

2011 and 2014. [5] 

 

Figure.3. Sunspot Cycles (NASA, http://solarscience.msfc.nasa.gov/images) 

At the Royal Greenwich Observatory, detailed observations of sunspots have been registered 

since 1874. These observations include information about the sizes and positions of sunspots 

as well as their numbers. These data show that sunspots do not appear at random over the 

surface of the sun but are concentrated in two latitude bands on either side of the equator. The 

butterfly diagram (fig. 4, [5]) shows the positions of the spots for each rotation of the sun 

since May 1874.  We can observe that the sunspots bands first form at mid-latitudes, widen, 

and then move toward along the equator as each cycle progresses. 

 
Figure 4. The Butterfly diagram (Sunspot area as a function of latitude and time) 

Workshop activity for 7-8
th

 grade students or humanities classes. 

The primary goal of the classroom activity is to familiarize students with the possibilities of 

sunspots observing, to calculate the differential rotation period of the Sun from the movement 

of sunspots and to search for links between sunspot activities and terrestrial processes, 

between phenomena and space weather. 

1. The students are divided in groups of two. Every group get a paper with 8 or 16 images of 

the sun, which was taken on the same time frame at different days.  

2. They select some spots from the first picture (which can be identified easily) and label 

them with letters: a, b, c, etc. or symbols. 

http://solarscience.msfc.nasa.gov/images
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3. One of the students’ notes the coordinates of each Sunspot, latitude and longitude, using 

the transparent grid which is superpose on the selected sun image, and the date. The 

diameter of the Sun images must be similar to grid diameter. The other student notes the 

characteristic of each selected sunspot, even trace the shape of spots. 

4. The collected dates are written into measurements table: the label of the spots, the date and 

time, coordinates, shape. Follow the selected sunspots until their disappearance and record 

every relevant data.  

5. For every sunspot note the important changes into aspect of spot or clusters: shape, size, 

appearance, etc. Also, pay attention to the changes in size, shape and position of the 

sunspot during the observation period. Note these observations as well. 

6. For each picture repeat the spot localization, and shape description.  

7. Based on the daily-obtained data, calculate the movement of the sunspot in terms of 

distance and angle (α) and the time that has elapsed between the two observations (Δt). 

Based on this, calculate the rotation period (TSun) and speed (vSun) of the Sun. From the 

values obtained, calculate the average value of speed and compare it with the rotation 

speed of the Sun, which you can find in the reference literature. 

8. Select few pictures taken by SOHO at other wavelengths, when a spot disappears behind 

the limb; imagine what happens when a spot disappears. Describe. 

 

 
Figure 6. Transparent map grip and a sun spot image 

Sample (performed by students from humanities class, Reformed High School, Sf. Gheorghe):  

Table 1. Sunspot observation data table (9
th

 grade student’s worksheet) 

 

Results in case of: RSUN= 6,9598* 10
5
km; Tavg=26,12197 days, vavg=2πR/T= 1,942km/s  
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Workshop activity for 9-11
th

 grade students. 

 

During the task the students work in groups of 2-3. After a theoretical introduction, they each 

download 16-24 magnetograms from the SOHO database that show a particular sunspot or 

sunspot group (the pictures must be taken at same time). It is preferable to choose spots which 

can be traced for several days from its emergence to its disappearance. [7, 9] 

 

Figure 7. SOHO data archive page http://ssa.esac.esa.int/ssa/ssa.jnlp 

Open the SOHO Science Archive and Aladin programme. 

How we build a sunspots movie? In the main menu of the SOHO Science Archive, select in 

the “Windows” menu the “Time Animator”: 

When the “Time Animator”  window is open, select MDI Continuum, the resolution to 1024 

or 512 and change the ‘Max Number of Evenly Spaced Images’ to 200 or 300: 

In the Date Range fields choose (for example) from 01/05/2014 to 01/06/2014. When the 

search is finished we start the animation.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://soho.esac.esa.int/about/docs/SOHO_Fact_Sheet.pdf 

http://ssa.esac.esa.int/ssa/ssa.jnlp
http://aladin.u-strasbg.fr/java/nph-aladin.pl?frame=get&id=aladin.jnlp
http://soho.esac.esa.int/about/docs/SOHO_Fact_Sheet.pdf
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When the search is finished, we start the animation. In the movie, we can see how sunspots 

appear, evolve and then disappear. 

Figure 8. Magnetograms from SOHO archive (2014) 

  

Figure 9. Aladin interactive sky atlas software panel and SOHO archive http://aladin.u-

strasbg.fr/java/nph-aladin.pl?frame=downloading 

To calculate the solar differential rotation we are going to measure a sunspot when it becomes 

visible in the sun and then when it has travelled along the sun equator after a few days. For 

this we choose two different sunspots: one near the equator and another away from the 

equator. The selected period could be 01.05.2014. 7:3o- 17. 05.2014. 7:3o. The selected 

imagines are sending to Aladin software. We need those two picture in which shows when the 

sunspot appear and when it disappeared. Using this picture we determine the coordinates of 

the sunspot (x and y) and the radius of the sun. 
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Figure 10. Aladin interactive sky atlas analysis panel 

Table 2. Result sheet-Sunspot observation (2oo9. dec. 14-2o.) 

date time (t) x y R sinα=y/R α=arcsiny/R Δα=Δb =Δα/Δt T=2 

2oo9. 

dec.14. 
23:59:01 -49,5 258 250,08 -0,19793 -0,199252484 1,2172605 0,202876 30,9704 

day 

 
2oo9. 

dec.2o. 
23:59:01 400 258 470 0,851063 1,018008081 

latitude: 

58,327  

Question: How many degrees in longitude did the sunspot travel between the first and last 

picture? How many days travelled the sunspot the sun surface (difference between date of 

first and last picture)? 

Rotation angular speed:  =difference in longitude/difference in days. 

Rotation period T = 360 degrees/  

 

Worksheet for students: 

Nr. obs. 

(k) 
month; 

day 
Date: t 
(h:min) 

latitude Longi-

tude (α) 
  
         

Δt 

(h:min) 
T

sun
 

(day) 

v
sun

 

(km/s) 

1         

2         

3         

 

Figure 11. Graphic analysis 
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The same procedure must be applied for the second sunspot, located away from the equator. 

Compare the two results for the rotation period. Why are not equal? What are proving these 

results? 

What conclusions can you formulate based on your observations and calculations regarding 

the evolution and movement of sunspots? 

How many groups of sunspots did you find on the examined diagrams? Determine the 

“coverage” of the Sun using Wolf’s relative number. Look for similar images in the SOHO 

database and determine the strength of sunspot activity. 

How accurate is this method for determining the rotation speed of the Sun? 

Conclusion: The synodic rotation of the sun at it's equator is around 27 days, and near the 

poles 36 days. 
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