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Introduction

The Teacher’s Guide

In the three activities in this teacher’s magnetism activity guide, “Measuring Magnetism”, your students will act as scientists discovering magnetism and electromagnetism through inquiry and measurement. They will then apply their new-found knowledge in order to design an important part of a space science spacecraft: the magnetometer boom.  The process of designing such a boom imitates the process of NASA engineers.
Included at the beginning of each activity is a summary of the activity, a list of national standards that the activity covers, and a list of materials required for the activity.  The activity is then outlined for the teacher with student worksheets at the end of each section.   In the Background Material section in Chapter 4, you can find science background for the lessons, a NASA story that can be used throughout the lesson, and questions and answers that came from a discussion with an NASA IMPACT Boom Engineer, Paul Turin.  A glossary can be found after the background section and at the very end we recommend different resources for learning more.  

The Science

Around 1000 A.D. the magnetic compass was discovered in China.  But not until 1600 A.D. did William Gilbert publish “De Magnete” declaring that Earth is a giant magnet.  More recently, scientists have found magnetic fields associated with planets and the Sun.  It is now well known that the Sun’s magnetic field reaches out past the planets and that charged particles spiral around this magnetic field as they move out past the planets with the magnetic field.  The charged particles make up the solar wind.  This wind, together with the Sun’s magnetic field, interacts with Earth’s magnetic field.  This complex interaction causes electric currents to flow through Earth's upper atmosphere/ionosphere, causing green and red auroras (Northern and Southern lights) to glow.   These currents can induce strong currents in power grids, occasionally blowing fuses and shutting down large sections of cities at high latitudes.  

The Sun sometimes stores so much energy in its magnetic field that when the energy is released it can accelerate solar wind protons to nearly the speed of light.  These particles can be damaging to astronauts not protected by their spacecraft.   This tremendous release of energy is sometimes associated with large pressure pulses of solar wind that interact with Earth’s magnetic field, accelerating particles in the magnetosphere to extremely high energies in the radiation belts, damaging or destroying human-made satellites.  In order to understand and predict these phenomena, we need to understand what magnetic fields are. 

Currently, NASA is funding the STEREO mission, which involves the building of multiple spacecraft and suites of instruments in order to understand these gigantic releases of energy from the Sun.  Scientists involved in the STEREO-IMPACT mission are specifically interested in the variation in the Sun’s magnetic field that threads out from the Sun itself, through the planets, and past Pluto.  In order to measure the weak magnetic field of the solar wind, an instrument known as a magnetometer is placed far away from the body of a satellite, near the end of a long cylinder called a boom.  This magnetometer sits far from the satellite because currents generated in the electrical circuitry in the satellite make magnetic fields that are larger than the magnetic field of the solar wind. 

Using the Teacher’s Guide

The IMPACT instrument suite of the STEREO mission provides these lessons on magnetism to inspire your students to learn how electricity and magnetism are connected and to apply their knowledge.  The goal is for your students to develop a deeper understanding of electromagnetism.  The first activity in the guide is designed to teach that magnets have an invisible force field known as the magnetic field and that this field has an effect that can be measured around the magnet.  The second activity is designed to teach that electricity flowing in wires also creates an invisible magnetic field that can also be measured.  The third activity is designed to apply this knowledge of magnetic fields to the engineering problem of designing a spacecraft to measure small magnetic fields associated with the solar wind as scientists and engineers have done using the IMPACT instrument suite of the STEREO mission.

All of the activities are inquiry based.  One benefit of such inquiry learning is to teach the students about how a scientist performs research by asking questions, testing their ideas, and collaborating with others.  Another benefit of inquiry-based activities is to engage the students in the process of learning science.  

These three activities can be used as part of a unit on magnetism in an Earth Science or Physics class or as a supplement to existing science curriculum. The activities can be used together or separately, depending on the time available to the teacher.  We estimate that the complete lesson will take about a week in an 8th grade classroom.  These activities may also be used in science museum center offerings and in teacher professional development short courses.
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