Tracking a Solar Storm
EM and CME Velocities Lesson
The purpose of this lesson is for the learner to make connections between classical mechanics and electromagnetic (EM) waves by examining the two topics in the mutual context of heliophysics. Learners will use their understanding of one-dimensional kinematics fundamentals to analyze remote sensing data for EM waves and coronal mass ejections (CME) from the sun. Prior knowledge of velocity is expected, as well as at least an introduction to light properties as an EM wave.
Essential Standards - Clarifying Objectives
Phy.1.1.2 Analyze motion in one dimension using time, distance, displacement, velocity, and acceleration.
Phy.2.2 Analyze the behavior of waves.
Engage
· Instigate a class discussion with trigger statements. “Did you see the weather report for today? Is it going to rain? Will there be sunshine? I think we will have both.”
· Show the video the August 2, 2011 solar flare from NASA’s archives referenced below. (http://sdowww.lmsal.com/sdomedia/h264/2011/08/02/SSW_cutout_20110802T0515-20110802T0655_AIA_211-193-171_N17W12.mov)
· Discuss how the sun releases light and other electromagnetic waves, as well as plasma and charged particles.
· Recall aloud with the class velocity fundamentals: distance, time, speed and direction. Have students write the formula for velocity as distance traveled divided by time spent.
· Probe through discussion for the speed of light as a constant value, how this value is reserved for EM waves and its status as an unattainable limit for the velocity of anything with mass.
· Explain to the students that they will be viewing and analyzing NASA data for both EM waves and CME in order to contrast the properties of mass and EM waves.
Exploration
· Introduce the NASA website “Space Weather Action Center” (http://sunearthday.nasa.gov/swac/data.php).  Explain how there is a wide variety of information available. We will be focusing on the Storm Signals, Latest Events Archive section. Tell students to click on that link.
· Demonstrate to students how to read the data table. Explain the magnitude scale for measuring solar flares (A-B-C-M-X).
· Tell the students that we will be focusing on some high power activity data recorded from satellites in the days leading up to Aug 6, 2011. Tell the students to click the link for that data. (http://www.lmsal.com/solarsoft/last_events_20110806_2314/index.html)
· Explain to students how to process the data on the resulting page. The top graph represents EM waves from the sun. Spikes indicate events of higher power emissions. The third graph represents readings of our planet’s magnetosphere and disturbances within it. Disturbances are due to charged particles “raining” down on Earth as a result of being spat from the sun during some solar flares. Direct the learners’ attentions to the colored blocks part of the magnetosphere graph. Have them note where red blocks correspond to the greatest disturbances in the Earth’s magnetic field. Present to the students civilian video footage from the aurora activity viewed on the evening of August 5, 2011 as visual data to corroborate satellite data. (http://www.youtube.com/watch?v=QFVHUwe5VBI) See also this footage from Minnesota during the same event. (http://www.youtube.com/watch?v=QrQbfZ52KTc)
· Students will now begin recording data. Via a prepared worksheet or web site, direct the students to record the following data:
· Circle or indicate the EM spike on a printed handout of the graph data that chronologically corresponds to the solar flare witnessed in the in EM video.
· Time signature of the original August 2, 2011 EM video.
· Circle or indicate the magnetosphere disturbance that is most likely the result of the previously indicated EM spike.
· Time noted in the comment section of the Minnesota video.
· Average distance from the sun to the Earth in meters.
· Direct students to process the data by calculating the following quantities:
· Average time for EM waves to reach Earth from the sun based on Earth’s orbital distance and the accepted speed of light.
· Time elapsed for CME to reach Earth based on the EM’s emission time and magnetosphere disturbance time. (For later data sets, this piece of information will need to be estimated by the student from the graphical data)
· Velocity of CME as it traveled to Earth.
· Ratio of the EM velocity to the CME velocity.



Explanation
· Direct students to begin a table for their findings. The columns should be “distance traveled”, “EM time”, “CME time”, “EM velocity”, “CME velocity”, “EM/CME ratio”
· Facilitate discussion among the students. Ask each student/group to share their calculations for this single event. Search for and correct any misunderstandings with the class as a whole. Insure reasonable values are being produced. Re-teach any concepts that need reinforcement to make sure data collection and calculations are valid.
· It is at this stage that the instructor should feel confident that the class can gather these data and perform these calculations independently. If needed, have the class proceed with the following steps as the teacher assists those needing additional help.
Elaboration
· Direct the students back to the ten-year data web page. The learners/groups are to each select five different solar events to analyze from five different dates. Suggest that they scan the dates for larger classed flares (C, M, X) for narrowing their search to more exciting events.
· For each event, students are to record the same data and perform the same calculations as in the previous analysis, producing a common table for all events or separate tables for each individual event.
· Comparing their five independent sets of data, direct students to note the range of CME velocities (min/max) calculated and an average CME velocity.
Evaluation
· Each student/group is to now select another student/group to collaborate with, but not fully yet. Have each of them share the dates and times of the five flares’ EM data they chose. Then each student/group is to investigate the others’ data and independently produce another 5 data sets and tables based on the events originally selected by their co-op student/group. This is not cooperative effort at this stage.
· Once each student/group has their own five data sets and five more data sets from their co-op student/group, the two are to reunite and compare data sets. Discover discrepancies and differences. Determine causes for dissimilar findings and agree upon a common set of data for all ten events. Direct the students to produce a single data set with all ten events and the agreed upon data.
· It is possible that some students chose some events that are the same as their co-op group. If time permits, the teacher can have them identify and investigate enough additional events to again individually investigate and corroborate in order to bring their total to ten.
· Culminate the activity by bringing the class back to a group discussion format. Have students present their findings by filling in a common table on a classroom SmartBoard so all can view the findings simultaneously, or alternatively in a computer spreadsheet. Have the spreadsheets shared among all students via email and direct students to produce a single spreadsheet with data from all events investigated by all students in the classroom. This can be a large number of data for a large class of students working individually who all happen to select five completely different solar events (potentially up to 150 events!). This can be limited by grouping students together and/or reducing the number of events for each to investigate.
· Either through written response to questions or via group discussion, ask the following questions regarding the common data to assess student learning:
· What is the time for an EM wave to travel from the sun to Earth?
· What is the fastest CME investigated today? For how much time did it travel? By what factor is an EM wave faster?
· What is the slowest CME investigated? For how much time did it travel? By what factor is an EM wave faster?
· What is the average CME velocity gathered from all data presented today? By what factor is an EM wave faster?
· Is there any correlation between EM characteristics and CME characteristics? For example, does EM strength relate to CME velocity? Any relation to magnetosphere disturbance levels?




