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Abstract

The role of teacher participation in education and public outreach programs (EPOs) of NASA missions, specifically the Time History of Events and Macroscale Interaction during Substorms (THEMIS) mission, on student involvement in authentic research is examined here. A ground-based magnetometer was installed near Chippewa Hills High School in Remus, MI, as part of the EPO of the THEMIS mission. I was trained in, and helped develop, student activity guides based on the science goals of this mission, which are based on changes in the magnetic field of our planet due to solar influences. Students at Chippewa Hills High School conduct activities relating to geomagnetism and space weather concepts in our 9th grade level Earth & Space Science course. Additional opportunities to work with THEMIS concepts and data occur in an elective course (Topics in Earth & Space Science – Astronomy) as well as through research projects conducted as independent studies via our Project-Based Science curriculum. An example of a student project that was loosely based on research I conducted as part of my work with the THEMIS EPO team and included as part of a poster presented at an American Geophysical Union conference in 2007 is discussed here. Astronomy remains an elective science with the highest enrollment of all Topics in Earth & Space Science courses (Astronomy, Geology, Water on Earth, and Weather & Climate), largely due to the impact of the outreach programs I have participated in which include, in addition to THEMIS, the National Optical Astronomy Observatories’ (NOAO) Teacher Leaders in Research Based Science Education program and the Spitzer Science Center’s Teacher-Student Research Program.

Introduction

Our planet is continuously bathed in a stream of charged particles from the Sun – the solar wind. The dynamic pressure of this wind distorts the typical dipole structure of a magnet’s field into the “windsock” like structure of the Earth’s geomagnetic field.  The solar wind varies in intensity and composition on a minute-to-minute basis. Thus the Earth’s magnetic field also changes. These changes can be in both strength and polarity of the field. 

Sometimes there are violent eruptions on the Sun. Solar flares and coronal mass ejections are examples of these. They can both cause temporary increases in the particle density of the solar wind. Both the particle density and the speed of the solar wind contribute to the dynamic pressure that it can exert on the Earth’s magnetic field. Changes in dynamic pressure can contribute to natural phenomena, such as the northern lights. Disturbances in our geomagnetic field can also create problems with satellite systems, communication, power distribution grids, and can be a health risk for air travelers.

Changes in our magnetic field can be detected with an instrument called a magnetometer. Chippewa Hills High School (CHHS), Remus, MI, is one of 13 schools and community colleges from across the country that has a fluxgate magnetometer installed onsite as a ground station for the THEMIS mission. This is a component of the mission’s education and public outreach, or EPO. THEMIS, or the Time History of Events and Macroscale Interactions during Substorms, also launched 5 satellites into orbit to determine what sequence of events leads up to auroral substorms. Teachers from each of these schools received training at annual workshops beginning in 2005 and continuing through 2009. The teachers trained at these workshops became THEMIS-GEONS Ambassadors, responsible for helping develop and field-test student activities relating to the science goals of the mission. 

The magnetometer at CHHS, along with those of the other EPO ground stations, records the strength of the X, Y, and Z components of the Earth’s field twice per second. This data is sent via the Internet to the University of California Los Angeles where it is made available on an Internet based data archive. Anyone can access data from any of the EPO schools and use it for student projects.

So, there is a magnetometer at our school. What can be done with it? One of the responsibilities of the THEMIS-GEONS teachers was to develop lessons that can be done based on the mission science and mission data. 

Can changes in our planet’s magnetic field induced by small scale changes in the dynamic pressure of the solar wind that are associated with solar flares be detected here in Remus with our magnetometer? Investigation of this question may lead to another classroom activity that can be used by Earth and space science teachers to help their students further understand space weather.

Observations and Data Reduction

A team of students chose to investigate the question of how solar flares can impact the strength of our planet’s magnetic field as measured at our THEMIS ground station. Data was needed on both the dates that solar flares occurred over the past 3 years as well as magnetometer data for a span of days following the eruptions that occurred on our Sun. Radiation from these events in wavelengths across the electromagnetic spectrum take just 8 minutes to reach earth. High-energy particles such as electrons and protons that are blasted out into space take much longer to reach us, between 30 and 72 hours after the flare occurs.

Solar X-ray flare data was obtained at the National Geophysical Data Center from the GOES satellite for each date a class C or higher solar flare occurred from 2007 through 2009 (http://www.ngdc.noaa.gov/stp/SOLAR/ftpsolarflares.html#xray). These data were saved as text files and then opened with Excel and saved as Excel workbooks. The data included date, time of flare, and class of flare.

Data from the Remus magnetometer is uploaded to a data archive maintained by the University of California, Los Angeles. This data is then made available to the THEMIS-GEONS network of teachers at the UC-Berkeley data archive website (http://ds9.ssl.berkeley.edu/themis/classroom_geons_data.html#nation) The data was downloaded for the dates that were possibly affected by the solar flares, occurring from 30-72 hours post-flare. These files contained data that were taken twice per second for each day needed. Students at Carson City High School, Carson City, Nevada, created a spreadsheet to handle these huge data files. Their teacher, Jim Bean, is a fellow THEMIS GEONS Ambassador and helps maintain a THEMIS magnetometer located in Carson City. Our students created a similar style of spreadsheet that required three columns for each day’s worth of magnetic field information due to the 172,800 measurements taken by the instrument each day. One third of the data from the screen display were copied and pasted into a Word document and then saved as a text file. This file was opened with Excel and then saved as an Excel workbook. The three Excel files for each day were finally merged into a single workbook. A formula was written to calculate the average strength of the X component of the magnetic field measurements for each date. Needless to say, data reduction took up much of the students’ time for over 6 weeks of the trimester.

Data on the interplanetary magnetic field and solar wind, including date, hour, proton density, x-component of the solar wind velocity, and the x-component of the interplanetary magnetic field strength were obtained from the Advanced Composition Explorer (ACE) data archive at http://www.srl.caltech.edu/ACE/ASC/level2/lvl2DATA_MAG-SWEPAM.html. The different instruments onboard the ACE spacecraft take data on the solar wind as well as the interplanetary magnetic field (IMF). These data were obtained for the same dates (30-72 hour window) following solar flaring as were the magnetometer data, and were transferred to an Excel workbook in a similar way as the magnetometer data. A formula was written to calculate the dynamic pressure of the solar wind from the proton density and x velocity data.

Finally, the data were merged into a single Excel workbook file so that further analysis could be conducted.

Analysis

A review of the literature on the effects of solar wind on Earth’s magnetic field suggested that southward-directed (negative) IMF couples, or interacts, more strongly with Earth’s magnetic field than does northward-directed (positive) IMF. Due to this, separate plots were made for dates with southward or northward directed IMF for the affected and unaffected dates.

In order to establish a baseline for comparison between “normal” geomagnetic field values and values showing an effect due to solar flaring, separate scatter plots of dynamic pressure versus Bx (x component of the geomagnetic field intensity as measured in Remus, MI) were made for the data for those dates unaffected by flaring and dates that were affected by flaring. Trend lines were added to each plot and the R-squared values for these trend lines were calculated. Examined individually, the R-squared values indicate little if any correlation between the dynamic pressure of the solar wind and magnetic field strength as measured with our magnetometer. What is more interesting is a comparison of R-squared values for dates that were unaffected by solar flaring and those that were. 
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Comparing R-squared values in Figures 1 and 2, it can be seen that on the dates that were most likely impacted by the arrival of solar protons accelerated Earthward by a solar flare the daily average magnetic field strength as measured in Remus, Michigan increased. The difference between the R-squared values, assigning a negative value to R-squared on a trend line with a negative slope, was 0.0533.

Figures 1 and 2 are for dates that had a daily averaged IMF polarity that was southward directed (negative). Looking at similar plots (Figures 3 and 4) for dates that had a daily averaged IMF polarity that was northward directed (positive) a similar result is seen. The local geomagnetic field strength measured in Remus, Michigan was also higher on affected dates where the IMF had a positive polarity. The difference between R-squared values in these plots was 0.0217.
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Discussion

It can be seen in the data that there is a stronger influence on the Earth’s magnetic field from the dynamic pressure of the solar wind when there is southward directed (negative polarity) solar wind. Other researchers have noted this impact by southward-directed IMF as well (Yurchyshyn, Wang, and Abramenko, Space Weather, 2009). 

This study used daily averages of the available data to look for a correlation between the strength of the magnetic field of our planet as measured locally and the dynamic pressure of the solar wind.  Changes in the Earth’s magnetic field are transitory – changing from moment to moment. This may be a reason for the absence of a strong correlation between these parameters. Further study of the relationship between Earth’s magnetic field and the solar wind should be done to pinpoint the moment at which solar wind, enhanced by flaring, arrives at our planet. Using the speed at which the solar wind is traveling and the position of the ACE spacecraft to calculate the time it would take the solar wind to travel from the spacecraft to Earth could do this. Then the strength of Bx measured in Remus, MI – at that moment – could be retrieved from the daily twice per second data files.

This is something that a future group of students at our school will explore further.

Summary

Having students working at their local school and being able to discover relationships between astrophysical parameters such as solar wind and geomagnetism is highly motivating – both for me as a teacher and for students attending Chippewa Hills. The work that our students are doing with THEMIS data builds on the successes of earlier projects.

In 2006, a team of students from our school wrote a research proposal and was able to travel to the National Solar Telescope at Kitt Peak, Arizona, to do research on solar flares and solar magnetism. This was made possible through training I received in the Teacher Leaders in Research Based Science Education program run by the National Optical Astronomy Observatories organization during the previous school year via the Internet as well as on site at Kitt Peak in the summer of 2006. These students also entered their project in our regional science and engineering fair and were recognized for the exceptional nature of their work by the Michigan Earth Science Teachers Association. 

Another outreach program I was fortunate enough to be selected for is the Student and Teacher Research program (now NITARP – NASA/IPAC Teacher Archive Research Project) of the Spitzer Science Center. I was part of a group of teachers trained in 2008 on how to both acquire and use data from the Spitzer Space Telescope to investigate star formation in dark nebulae. As a result of this I was able to recruit a group of three students who had learned about the project while students in my astronomy course to participate in a research project.

Two of the students were able to travel to the Spitzer Science Center at the California Institute of Technology in Pasadena, California, in the summer of 2008. There they were trained in how to use the software needed to reduce the data obtained from the Spitzer Space Telescope. As a group, all of the teachers and students in our team selected a target nebula – Lynds Dark Nebula 981 – and wrote a proposal to have this object imaged by the SST. Our proposal was accepted and my students went on to use the data to look for newly forming stars embedded in the gas and dust of LDN 981.

They wrote up their research and presented it at our regional science fair, winning top team. This qualified them to go on to the Intel International Science & Engineering Fair in Reno, Nevada where they again were able to present what they learned to established astronomers in the field. They also had their research published by NOAO in the RBSE Journal.

Topics and concepts relating to the dynamic nature of our Sun are now part of the 9th grade Earth & Space Science course taken by all freshmen at our high school. Students in our elective astronomy course do more work on solar astronomy, as well as topics on infrared and multiwavelength astronomy and space weather.

Astronomy is now the most commonly taken science elective course in our department. Over the past four years we have had eight sections of Astronomy, six sections of Water on Earth, four of Weather and Climate, and only two of Geology. The high interest in Astronomy by our students can be credited to the interest and motivation created by the involvement of both our school and our students in the outreach programs of NOAO, the Spitzer Science Center, and the Space Sciences Laboratory at UC Berkeley (THEMIS mission).

Opportunities for additional research for students at Chippewa Hills High School will continue to be offered for years to come. Independent studies are possible via our Project-Based Science curriculum for both individual students and student teams interested in doing authentic research. An after school program in Science, Engineering, Mathematics and technology is being planned to start in the fall where interested students can have the opportunity to do these projects as well as projects in other fields of study.
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		14-May-03		0.555239283		19544.40157		2.292

		2-Nov-05		0.124155034		19572.595		2.2979

		3-Nov-04		0.135679085		19546.93703		2.4704

		9-Jan-03		1.377329822		19480.90507		3.0356

		2-Jul-03		2.061950536		19537.48663		3.164

		10-Dec-04		0.718497329		19526.71807		4.0208
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Sheet1

		Date		Dynamic Pressure		Daily Mean Bz		IMF

		28-Jun-03		0.867946256		19535.37777		-4.7667

		8-Aug-03		2.088196399		19541.45993		-3.8244

		17-May-03		1.670258509		19548.62477		-3.3808

		9-Jul-03		4.293168273		19551.85607		-3.007

		22-Jan-03		0.607257647		19479.85313		-2.5971

		5-Apr-04		1.91892075		19524.01343		-2.4935

		17-Jan-03		1.607642802		19465.94967		-2.3354

		26-Feb-03		2.710962555		19480.95873		-2.2117

		1-Feb-03		1.101812253		19475.20357		-2.1193

		29-Jun-03		0.790924922		19529.74137		-2.0842

		31-Jan-03		1.2320587		19471.99533		-2.0391

		6-Nov-04		2.067048792		19549.1037		-1.9024

		26-Oct-05		0.565021527		19574.30583		-1.8125

		30-Jun-03		0.477017463		19531.25307		-1.7432

		2-Feb-03		0.867639925		19479.98763		-1.6334

		27-Oct-05		1.075639014		19575.23863		-1.4734

		10-Jul-03		0.786520754		19524.92077		-1.2972

		11-Jul-03		0.634998914		19528.4028		-1.2469

		23-Jan-03		0.535729677		19480.4651		-1.2192

		7-May-03		1.263074017		19532.26343		-0.9957

		31-May-03		3.170828481		19560.0619		-0.7618

		28-Oct-05		0.873593993		19583.23237		-0.7125

		18-Feb-03		1.327952731		19474.5943		-0.4049

		3-Jun-03		0.820947186		19562.14177		-0.4034

		29-Oct-05		0.154995032		19569.0175		-0.2956

		11-Feb-03		2.957245834		19486.15		-0.0107

		27-Sep-05		0.308062965		19598.80827		0.2603

		4-Nov-04		0.086089334		19547.91133		0.5762

		21-Feb-03		0.803189767		19478.3941		0.7919

		13-Dec-04		0.187601313		19530.08737		1.024

		6-Jun-03		1.718464885		19557.35537		1.0563

		8-Jun-03		1.124335634		19554.44287		1.1178

		4-May-03		0.471842358		19522.4681		1.2221

		8-Jul-05		2.672870165		19605.8137		1.2996

		26-Aug-03		1.20711437		19534.79023		1.5516

		27-Jan-03		1.606051106		19487.9412		1.5605

		30-Oct-05		0.308317556		19576.37887		1.6342

		1-Jul-03		0.952114403		19531.28767		1.7342

		8-Jul-03		1.25929781		19533.5243		1.7833

		27-Mar-04		1.075714079		19471.95493		1.9776

		5-Nov-04		0.34107145		19551.7929		2.0053

		11-Jun-03		0.627011018		19558.50553		2.2285

		2-Nov-05		0.124155034		19572.595		2.2979

		10-Jun-03		0.134354407		19551.98997		2.9779

		2-Jul-03		2.061950536		19537.48663		3.164

		7-Jun-03		1.297944172		19557.97797		3.181

		9-Jun-03		0.208892665		19555.92023		3.2056

		10-Feb-03		0.171567081		19475.60027		3.6154

		13-Jan-03		0.501880192		19482.8591		4.1435
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		DATE		DYNAMIC PRESSURE		TOTAL (AVERAGE)		IMF

		28-Jan-03		6.388906655		19481.62737		-4.3328

		12-Jul-03		1.966280119		19533.3782		-3.8317

		8-Aug-03		2.088196399		19541.45993		-3.8244

		6-Apr-04		1.381832729		19503.77897		-3.4277

		5-Aug-03		2.978504184		19542.71833		-2.7816

		15-Feb-03		1.137796716		19480.5335		-2.7815

		29-Jan-03		2.077031984		19482.5103		-2.7326

		20-Jan-03		1.011365902		19480.2575		-2.0876

		18-Jan-03		1.47855796		19471.39653		-1.9038

		24-Jan-03		0.693505147		19476.19843		-1.7687

		15-Jan-03		2.228778241		19476.17863		-1.6389

		5-Jun-03		0.868245462		19555.2325		-1.458

		2-Apr-04		0.365205936		19500.13827		-1.1287

		11-Jul-05		1.687209306		19603.5707		-0.9752

		1-May-03		0.396876845		19525.9344		-0.8392

		24-Oct-05		0.477849556		19564.8636		-0.7827

		9-Aug-03		1.394235942		19537.28287		-0.6469

		25-Oct-05		0.466013754		19568.63283		-0.4228

		5-Jul-05		1.066387126		19602.35657		-0.0829

		27-Aug-03		0.957516175		19528.3609		0.0906

		10-Jul-05		0.814141301		19602.43553		0.2299

		14-Dec-04		0.246264415		19527.26273		0.765

		24-Mar-04		0.990345889		19494.8008		0.9391

		23-Aug-03		2.632171199		19539.33093		1.0719

		9-Jul-05		0.932262837		19601.7351		1.1016

		28-Sep-05		0.510904254		19597.63893		1.1019

		3-Nov-05		0.187539594		19574.77797		1.1533

		24-Sep-05		0.449060393		19599.9534		1.168

		28-Mar-04		0.718268484		19483.98373		1.2532

		4-Jul-05		0.418326788		19604.32823		1.2774

		8-Jul-05		2.672870165		19605.8137		1.2996

		31-Oct-05		0.343395505		19580.85963		1.3175

		23-Feb-03		0.61252278		19490.9341		1.3222

		26-Jun-03		1.249732586		19529.44803		1.5183

		30-Oct-05		0.308317556		19576.37887		1.6342

		2-Nov-04		0.425623902		19543.09713		1.7206

		29-May-03		0.4814798		19540.71007		1.8025

		6-Jul-03		0.437172618		19534.17363		1.9513

		7-Feb-03		1.275848284		19476.19487		2.0201

		14-May-03		0.555239283		19544.40157		2.292

		2-Nov-05		0.124155034		19572.595		2.2979

		3-Nov-04		0.135679085		19546.93703		2.4704

		9-Jan-03		1.377329822		19480.90507		3.0356

		2-Jul-03		2.061950536		19537.48663		3.164

		10-Dec-04		0.718497329		19526.71807		4.0208
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