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Juniata College

Sunspot Activity Guide

Standards

3.5.7    A. Describe earth Features and processes

3.5.7    B. Recognize earth resources and how they affect everyday life

1.2.8    A. Read and understand essential content of informational texts and documents in all academic areas

Introduction and background
By the early 1400s Western religious, philosophical, and observational evidence supported a perfect, unchanging, Earth-centered universe. Therefore, the argument by Copernicus for a Sun-centered universe in 1543 and the amazing appearance of a new star (a nova) in 1572 were extremely challenging to the European worldview. However, many more challenges were to come from Galileo Galilei (1564-1642). While Galileo systematically challenged many aspects of contemporary scientific views, his pioneer work in astronomy with a telescope provided evidence to anyone who cared to look with open eyes and open mind that all was not as previously thought in the heavens. Jupiter had moons, Saturn had rings, the Moon had mountains and craters, and the Sun had blemishes – spots that moved across the face of the Sun. Galileo projected the image of the Sun onto parchment and drew the spots on the parchment. He and others recorded sunspots on many consecutive days, revealing a progressive motion across the Sun. Whether sunspots were on the Sun or satellites circling close to the Sun were debated for some time. 
Many individuals contributed to early research of these strange spots on the Sun in the early 1600’s. However, sunspot activity decreased from 1645 until 1715. With so few sunspots, people lost interest. However, in 1843 Heinrich Schwabe discovered the number of sunspots increased and decreased in a cycle. The cycle shows peaks of high sunspot number about 11 years apart.  More accurate measurements have found the sunspot cycle to be, on average, 11.1 years with ranges between 8 and 16 years. 
The causes of solar features such as sunspots have become better understood because of NASA missions such as Ulysses, ACE (Advanced Composition Explorer), Yohkoh, SOHO =(Solar and Heliospheric Observatory), and TRACE (Transition Region and Coronal Explorer). However there is much that scientists hope to learn from future missions such as Solar-B, STEREO (Solar Terrestrial Relations Observatory), SDO (Solar Dynamics Observatory), and Sentinels. Sunspots are regions in the Photosphere of the Sun that are relatively cooler than the brighter parts of the Photosphere. Sunspots are only about 3700 K compared to 5700 K for the surrounding Photosphere. About the size of the Earth or larger, sunspots usually last several days, although very large ones may last for weeks. Sunspots occur at regions of intense local magnetism. Possibly the magnetic fields suppress the movement of hot material upward from the underlying convective zone. 
Observations of sunspots led to the conclusion that the Sun rotated. The average time of rotation is 27 days. This isn’t the whole story, however. Because the Sun’s outer zones are not solid, the equator rotates faster than the poles. At the equator the Sun rotates in about 25 days. At about 40º latitude the rotation takes 28 days and at the poles the rotation is in 36 days.
In this lesson students will be able to observe sunspots safely and discover changes in the number and position of sunspots over time. Students will be able to observe the rotation of the Sun, and, in a math extension, will be able to calculate the period of rotation.

Guiding Questions

1. What do you think cause sunspots? 

Vocabulary

Convective zone-The outer most region of the interior of the Sun. The convective zone lies just below the visible surface of the Sun and is about 200,000km  thick. Within this region energy is transferred through the mass motion of plasma.

Magnetic field-The region of magnetic influence around a magnetic object such as a bar magnet, a current carrying wire, the Sun, Earth and the magnetic planets.

Photosphere-The lowest layer of the solar atmosphere where the Sun’s visible spectrum of light is released. It is the visible “surface” we see in white-light images of the Sun.

Plasma-One of the four states of matter. Consists of a gas of positively charged and negatively charged particles with approximately equal concentrations of both so that the total gas is approximately charge neutral. 
Sunspots-An area seen as a dark spot on the photosphere of the Sun. They appear dark because they are cooler than the surrounding photosphere.
Materials

Galileo’s sunspot drawings 



Pencils

4x6 index cards with reference 


Sunspotter for each group
circle (use Circle Template provided p 7) 

Sunspot Observation Graphs (p.8)

Safety

Remember: never look directly at the Sun, especially through a telescope or binoculars unless you have specially prepared solar filters. 
Procedure

1.  Use the images taken by the SOHO spacecraft. Identify the sunspots charted for the previous few days. Discuss the differences you see and make predictions for observations you will take during the next few day. What you think the solar activity will be for the next year? Will it increase or decrease? Why do they think so?

2. Configure the Sunspotter in an area of direct sunlight. Record the number of sunspots on the Sunspot Observation Graph. 

3. Repeat steps 4-6 for the next 3-5 consecutive days or longer, depending on the weather. 

4. Choose a sunspot and estimate its size. 

5. Complete the Sunspot Observation Graph. Then access the International Sunspot Number compiled by the Sunspot Index Data Center in Belgium at 

    http://science.nasa.gov/ssl/pad/solar/greenwch/spot_num.txt. 

6. Provide an explanation for the change in position of the spots. 
7. Look at Galileo drawings from first day and determine the correct order for the drawings and think to previous prediction. 

Data Table
Sun Spot Observations
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Questions:
1. What can you conclude from this graph?
References:

· Athena Curriculum: http://inspire.ospi.wednet.edu:8001/curric/space/sun/sunearth.html
· International Sunspot Numbers: http://www.sunspot.noao.edu/IMAGES/sunspot_numbers.html
· (SEGWAY) The Science Education Gateway:  http://cse.ssl.berkeley.edu/segwayed/abtsunspots.html
· Sunspots: http://es.rice.edu/ES/humsoc/Galileo/Things/sunspots.html 
· Sunspot Index Data Center in Belgium:  http://science.nasa.gov/ssl/pad/solar/greenwch/spot_num.txt
· Solar Terrestrial Probes Education website: http://stp.gsfc.nasa.gov
· SOHO: http://sohowww.nascom.nasa.gov
· The Spinning Sun   http://solar-center.stanford.edu/spin-sun/spin-sun.html
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