

Solar Unit
Overview 
In these lessons, students will discover the sources of auroras and explore their phenomena in earth’s atmosphere.  Students will be able to distinguish between sun spots, solar flares, and coronal mass ejections.  Students will be able to explain to path of particles from the sun to the display of auroras.
Overall Objectives
· Understand sun spots
· Describe how solar flares occur
· Recognize the importance of coronal mass ejections
· Understand how coronal mass ejections affect earth’s magnetosphere
Suggested Time
· Ten class periods
Multimedia Resources
· Solar Magnetism.  http://www.teachersdomain.org/asset/ess05_vid_magnetism/  Ends abruptly at 1:50.
· Solar Flares assessment.  http://www.teachersdomain.org/asset/wlvt07_vid_solarflares/
· Solar Wind. http://www.teachersdomain.org/asset/ess05_vid_solarwind/
· Gallery of Auroras.  http://www.pbs.org/wgbh/nova/assets/swf/1/gallery/gallery.swf?init_file=gall-src-auro
· Space Station Captures Views of U.S., Canada and Northern Lights http://www.nasa.gov/mission_pages/station/expeditions/expedition30/e30_earthobs.html
· Zoom-in on large sunspot. EIT and MDI (Nov. 6, 1998) http://sohowww.nascom.nasa.gov/gallery/Movies/spotzm/spotzm.mpg
· Galileo Sunspots. http://www.teachersdomain.org/asset/ess05_vid_galileosun/. 
· Sun-earth day, Space weather action center.  http://sunearthday.nasa.gov/swac/. 
· SOHO, Solar and Heliospheric Observatory http://sohowww.nascom.nasa.gov/hotshots/X17/. 
· Coronal mass ejection.  http://sohowww.nascom.nasa.gov/hotshots/X17/superflarecombo.jpg.  
· Cool aurora picture. http://apod.nasa.gov/apod/ap120128.html.  
· Sunspot. http://sohowww.nascom.nasa.gov/hotshots/X17/mdi_igr_ann.gif.
Materials
· Computer with projector for showing movie clips, interactives, and photos.  If possible, student computers for research, otherwise display data for the entire class to use on projector or smart board.
The Lessons
Lesson 1
Day 1
Objective:  students will understand the origin of auroras from sunspots on the surface of the sun.  Students will be able to identify where auroras can be found.  
1. As a class, have students explore the Auroras by viewing “Space Station Captures Views of U.S., Canada and Northern Lights” http://www.nasa.gov/mission_pages/station/expeditions/expedition30/e30_earthobs.html.  This video shows the Northern Hemisphere at night, pausing to identify light clusters as particular cities.  The video ends showing the aurora borealis.  I would use this video to introduce the northern lights.
· What is this phenomenon?  Is it only in the northern hemisphere?
· Why does it occur?  Write ideas on the board. Guide them to the sun if they do not come up with the idea.
2. Explain that explosions of material from the sun cause auroras but in order to understand the explosions we must start at the beginning with sunspots.  
· Ask if students have ever heard of sunspots.  If so, what are they? 
Show the video clip of Galileo’s examination of sunspots. Integration of history.  http://www.teachersdomain.org/asset/ess05_vid_galileosun/.   
· Discuss with students why the church and Galileo’s peers did not readily accept the idea that the sun could be “imperfect” and possibly be spinning on an axis.
Day 2 and 3
Objectives: Students will engineer a solar viewer to observe the sun.  Students will draw the sunspots they see using their solar viewer.
· Construct a solar viewer from “Create a solar viewer” from http://www.wikihow.com/Make-a-Simple-Solar-Viewer.  
· Using the handout of a circle, students will draw the sunspots they detect with their solar viewer.
· 5 pt Quiz “Aurora Quiz”
Lesson 2 
	Day 4
	Objectives; Make observations about sunspots on Space Weather Data website http://sunearthday.nasa.gov/swac/data.php.  
3. Show a picture of sunspots to review lesson, 1http://sohowww.nascom.nasa.gov/sunspots/.  Student in the previous lesson learned that explosions from sunspots cause auroras.  Student will now learn what material is released from the sunspots.
Now that students have a good idea of what sunspots are begin the Sunspots flip chart found on the sun-earth day, space weather action center http://sunearthday.nasa.gov/swac/.  

Each student will need a copy of Sunspot region data collection sheet found at http://sunearthday.nasa.gov/swac/materials/datacollection_sunspotregion_V4.pdf.

Begin on page 1A of the sunspot regions flipchart.  Go to Space Weather Data at http://sunearthday.nasa.gov/swac/data.php.  Follow the directions on page 1A until you get to the “H-Alpha Full Disk Image of the Sun from Kanzelhohe Solar Observatory.”  Search for sunspots and answer questions through 4.  Review page 1B with students about the Kanzelhohe Solar Observatory.

On page 2A of the sunspot regions flipchart follow insturctions to get to the Helioseismic and Magnetic Imager (HMI Intensitygram) – SDO Mission.  Draw any sunspots seen on question F of data collection sheet. Review page 2B with students.

Follow instructions on page 3A until helioseismic and magnetic imager (HMI Magnetogram) – SDO mission.  Students should answer question g then the teacher should discuss 3B in class.


This can be a class activity if only a smartboard or projector is available or a group activity of 2-3 students if computers are available.

	Day 5
	Objectives; Make observations about sunspots on Space Weather Data website http://sunearthday.nasa.gov/swac/data.php.  Students will understand after finishing sunspot flipchart that sunspots can cause solar storms that exist in today’s time.

Follow instructions on page 4A through page 5B.  Explain and discuss the B pages with the students.  

This can be a class activity if only a smartboard or projector is available or a group activity of 2-3 students if computers are available.

Sun spot video from Space Weather Media Viewer, http://sunearthday.nasa.gov/spaceweather/#app=3786&6c90-selectedIndex=3

Lesson 3
	Day 6
Objectives; Students will become adept at interpreting and explaining Radio Jove data.  They will understand the X-ray activity scale and be able to predict solar storms.
4. The next step in understanding auroras is learning about solar flares.  Misconceptions Alert!  Make sure students understand that solar flares do not always result in increased auroras.  Solar Flares are not always an indication of increased aurora activity.  Show students what a solar flare is at SOHO, Solar and Heliospheric Observatory http://sohowww.nascom.nasa.gov/hotshots/X17/. 
Students will now begin the Storm Signals flip chart found on the sun-earth day, space weather action center http://sunearthday.nasa.gov/swac/.  Each student will need a copy of Storm signals collection sheet found at http://sunearthday.nasa.gov/swac/materials/datacollection_stormsignals_V4.pdf.
Follow the instructions on pages 1A to get to Radio Jove data.  If very little activity has been recorded it will be necessary to go back to previous months for solar flare data.  It will be possible to use “Radio Jove 3-5-2012” word file provided with this lesson plan if previous data cannot be found.  Explain the solar activity X-ray activity scale (A, B, C, M, and X).  Discuss 1B with students before having them answer questions a-f on the storm signals collection sheet.   
Show the video “What are solar flares and coronal mass ejections, http://sunearthday.nasa.gov/spaceweather/#app=3786&6c90-selectedIndex=3
Quiz “Radio Jove 3/5/2012 Quiz”.
This can be a class activity if only a smartboard or projector is available or a group activity of 2-3 students if computers are available.
Lesson 4
Day 7
Objective; Student will understand and interpret Kp index data and understand the solar winds effects on earth.  
Begin with a teacher’s domain video clip; Solar Wind found at http://www.teachersdomain.org/asset/ess05_vid_solarwind/.  
This will prepare the students for the Magnetosphere Flip Chart found at http://sunearthday.nasa.gov/swac/.  Students will need copies of the Magnetosphere Collection sheet found at http://sunearthday.nasa.gov/swac/. 
Open the estimated planetary Kp index (3-hour data) after following the directions on page 1A.  Using the information from 1B explain Kp index to students.  Help them interpret the graph to fill out questions a-d.  
Go to http://www.swpc.noaa.gov/Aurora/globeNW.html.  Click close to where you live on the map to determine the corrected geomagnetic latitude and longitude for your area.  Students will use this information for questions e-g.  

Follow directions on page 3A to the Magnetosphere graph – ACE Mission.  Use the information from 3B to help students interpret their data and answer questions on their collection sheet.
Lesson 5
Day 8
Objectives; Students will understand that solar storms can increase the distance auroras can be seen on earth.  Students will be able to locate data to predict an increase or decrease in the visibility of auroras.
6. and Auroras Flip Charts found at http://sunearthday.nasa.gov/swac/.  Students will need copies of the Auroras Collection sheet.  
Go to Space Weather Media Viewer http://sunearthday.nasa.gov/spaceweather/ and follow further directions on page 1A to Auroral activity on earth – NOAA POES and 2A to Kiruna all-sky camera to answer questions a-f.  Use 1B, 2B, and 2C to help explain material.

If there is no activity at the websites given refer to the next paragraph.  Show the following paragraph even if viable material is available.
From the Space Weather Media Viewer Visualization pull down menu, select Aurora.  Show both the polar visible aurora and the aurora curtain found at http://sunearthday.nasa.gov/spaceweather/#app=3786&7f6c-selectedIndex=2.
This can be a class activity if only a smartboard or projector is available or a group activity of 2-3 students if computers are available.
Assessment
Day 9 and 10
My preferred option for assessment would be for students to create Power Point’s to present to the class.  They would need to address the following questions:
What satellites do we have to detect changes in the sun?  What are sunspots?  What are solar flares? What are Coronal Mass Ejections? What types of energy are released from these Solar Emission Events?  How do Solar Emission Events affect the earth’s magnetosphere, ionosphere, and electric grid system?
finish the lesson with “an explanatory video about the production of auroras” from http://sohowww.nascom.nasa.gov/classroom/for_students.html

[bookmark: _GoBack]Another assessment option would be to assess the students by showing the film clip “Solar Magnetism.”  http://www.teachersdomain.org/asset/ess05_vid_magnetism/  
· Pause the video at 2:34 (solar flare) and ask the questions: “What phenomenon are you seeing?  What is material is released from this occurrence? What does this cause on earth?”
· Pause the video at 2:07 (sunspot) and ask the questions: “What phenomenon are you seeing?  What is material is released from this occurrence? What does this cause on earth?”  The sunspot is very big in the video so it might be better to use the picture retrieved from http://sohowww.nascom.nasa.gov/hotshots/X17/mdi_igr_ann.gif.
· Show the picture retrieved from http://sohowww.nascom.nasa.gov/hotshots/X17/superflarecombo.jpg.  “What phenomenon are you seeing?  What is material is released from this occurrence? What does this cause on earth?”
· Show the picture retrieved from http://apod.nasa.gov/apod/ap120128.html.  “What phenomenon are you seeing?  What caused this phenomenon?
Lab extension
Create a Solar viewer from http://www.wikihow.com/Make-a-Simple-Solar-Viewer.  


