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Course Project Outline

Doing Astronomy During the Day: Sunspots Affecting Us Historically and Currently


Using an authentic learning experience, I will show the students how astronomy can be done during the day by looking at a projection of the star nearest to us, our Sun.  Each of us will become “scientists” and “astronomers,” learning how astronomers look at and study the Sun.  Before we go outside, we'll learn about how, in 1610 A.D., Galileo first turned the telescope to the skies (the first “telescope astronomer”) and found the moons of Jupiter (like a mini solar system within the solar system) and also recorded that the Sun had sunspots!  Of course, he didn't understand how dangerous it was to look directly at the Sun, and this studying (and glaucoma) caused him to go blind!  So it is very important NOT TO LOOK DIRECTLY AT THE SUN when studying the Sun and sunspots.   The Sun can do permanent, irreversible damage.  


We as a class will go outside, and through a special set-up of binoculars, a collimator/shader around the binoculars, a tripod, and a white screen, I will project an image of the Sun and focus it until sunspots can be seen.  (I was hoping the small magnifying glasses idea would be feasible, but I tried it out and it wasn't.  This way seems safer though.  With just one set of binocs, I can supervise everyone and make sure no one is trying to stare directly at the Sun.  Safety first!)  The students will make a drawing of the Sun from the white screen and note the position and number of sunspots.  They might also discover “limb darkening” around the Sun on their own and represent it in their drawings.  Over the course of a few days or weeks, we'll make a few more observations and draw our findings (similar to the “Phases of the Moon” drawing project).  The sunspots will have shifted position slightly depending on time elapsed from our last observation.  Students will be able to share their discoveries with each other and the class in a discussion.  Maybe some will already mention how they know about sunspots and magnetic fields and sunspot cycles, connecting to previous knowledge and collaborating with others.

 
Then we will cover more material about the Sun.  I will provide some scaffolding and before we talk directly about sunspots, we'll talk about the rotation of the sun, how it differs from the Earth.  Since the Sun is made up of very hot Hydrogen and Helium gases in the plasma phase, it is not mostly solid rock like the Earth.  Because of this, different parts of the Sun rotate at different speeds.  Our Earth takes about 24 hours (or one day) to make one rotation, but on the equator of the Sun, it takes 25 days.  Getting nearer the poles on the Sun, the rotation is slower, and can take up to 34 days! (Resource with Sunspot Rotation animation: CISM – Windows to the Universe – Animation courtesy of SOHO, NASA and ESA. http://www.windows.ucar.edu/tour/link=/sun/Solar_interior/Sun_layers/differential_rotation.html.)  I will show the class this animation and some others to illustrate the ideas of rotation, sunspots, magnetic field lines, and solar flares.  Sunspots rotate with the Sun, and that is one way scientists were able to find out how fast the Sun rotates.  With our own observations, we might be able to find similar results.  We will also talk about sunspots, how they are relatively cooler than other parts on the surface of the Sun, and how magnetic field lines flow out of sunspots.  (We might practice drawing pictures of field lines flowing to and from sunspots.)  Big solar flares coming out of sunspots travel along field lines, and they can also flow out from the Sun and interact with the Earth.  There is such a thing as solar weather!  This can be compared and contrasted with Earth's weather, bringing in an interdisciplinary science.  The sunspots also occur in approximately 11- and 22-year cycles, and some of the cycles of minimums have affected Earth's history, another interdisciplinary field.  (The Maunder Minimum is a well-documented minimum, and the winters were especially cold in North America and Europe.  This contributed to many immigrants from Ireland (remember the Potato Famine?) and other parts of Europe coming over to America when their crops failed year after year.  It may also have been a big contributer to the French Revolution, when the general French population didn't have enough to eat and revolted against the aristocracy.  This same minimum and resulting “Mini Ice Age” may have contributed to the failure of a fledging Greenland society.  For many years it was a mystery why their cities and buildings were deserted.  (Earth Observatory: Nasa News Archive, Dec. 6, 2001.  “The Sun's Chilly Impact On Earth.”  http://earthobservatory.nasa.gov/Newsroom/NasaNews/2001/200112065794.html.)


The learning goals are that students will be able to understand rotation better, both by noting and observing it on their own, and seeing it in satellite images and animations.  The students will also understand magnetic fields better by understanding the way they work on the Sun and affect the Earth.  The students will also learn about how sunspots occur more frequently during a peak in the sunspot cycle, and how periods of few sunspots have occurred at the same time the Earth experienced “Mini Ice Ages.”  The students will also learn more about sunspots and large solar flares affecting modern-day communications on the Earth, usually occurring during peaks in the sunspot cycle.  A big flare occurred as recently as December 2006!  The flare is called X3, in a classification system where X are the strongest flares.  


During this study, the students will write a paper on an application of the Sun and sunspots, where they can choose the topic they want to learn more about.  Ideas will be selected from a list I'll provide or they can choose their own topic (as long as they run it by me first).  


The learning technologies will be direct observation and authentic practice, and then I will provide some scaffolding and we'll learn to read some of the charts and graphs that demonstrate the duration and location of the sunspots in a sunspot cycle, and how sunspot cycles have affected history and the modern day with minimums and solar flares during maximums.  We'll also use a lot of animations and movies of sunspots, solar flares, and solar rotation from the internet.  (An example: Solar Flare Activity Movie by J.E. Wiik, Observatoire de Nice, et al.  http://solarscience.msfc.nasa.gov/images/loopslcn.mov.)


We will also take a look at news articles about solar flares that have disrupted Earth satellites and communications and can even put astronauts and people in the International Space Station in danger (without proper shielding!).  (Example – Dec 14, 2006, Extreme Tech magazine online, “Strong Solar Flare Disrupts Communication, Astronauts”: http://www.extremetech.com/article2/0,1558,2072861,00.asp?kc=ETRSS02129TX1K0000532.)  


This is a rich topic and can be taken in many different directions, and I hope some part of this study will really intrigue students so that the paper they write and synthesize their knowledge about will be more exciting and less of an annoyance.  It will feel more like “play” and less like “work,” like we read about in the “Eat Your Veggies” article this week.

