Activity 3: Measuring the Interplanetary Magnetic Field (IMF)

“I’ve never encountered a magnetic field I didn’t like” – George Craig

Activity Summary

In light of their discoveries of electromagnetism, students will be charged with the task of designing an experiment for NASA's STEREO/IMPACT Mission to measure the interplanetary magnetic field.  The four main goals of this lesson are for students to:

1. learn what is the interplanetary magnetic field (IMF); 

2. learn about spacecraft, booms, and magnetometers;

3. understand why a magnetometer boom is needed on a spacecraft that is sent to space to measure the interplanetary magnetic field, i.e. that the currents associated with the spacecraft's electronics will cause local magnetic fields that are larger than the interplanetary magnetic field;

4. become familiar with design processes, in particular understand what designs make the best spacecraft booms.

This lesson can also be used to assess a student’s understanding of electromagnetism.
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Figure 3.2: On the left, a diagram of one of the STEREO satellites is shown.  Each group of scientific instruments is associated with an acronym written in the figure.  The body of the satellite is called the satellite bus.  The IMPACT boom is labeled and shown as it will look once it is in space and has been extended.  Wait until the end of the lesson to show students this picture so that they can develop their own boom designs first.  Drawing courtesy of NASA.
National Science Content Standards

· Unifying Concepts and Processes: Evidence, models, and explanation; Change, constancy, and measurement

· Science as Inquiry: Abilities necessary to do scientific inquiry; Understandings about scientific inquiry

· Earth and Space Science: Structure of the Earth System; Earth in the Solar System

· Science and Technology: Abilities of Technological design

Previous knowledge required

It is important for this activity that students understand electromagnetism.  Specifically, students should understand that:

· currents in electric circuits create magnetic fields, 

· electric circuits (and thus magnetic fields) are found with anything that uses electricity to run, 

· the strength of magnetic fields decrease rapidly the farther away you move from the source of the magnetic fields, and

· larger magnetic fields will dominate over smaller magnetic fields.  This is because magnetic fields are vectors and thus add and subtract as vectors add and subtract.  Introducing vector addition could be done prior to this lesson but is not at all necessary.  

 If your students do not know the properties of electromagnetism mentioned here, then would be useful to have your students go through Activities 1 and 2 in this teacher’s guide. 

Materials Needed per group of students

· 2 bar Magnets

· 4 small compasses

· 20 Paper Clips

· Cardboard 

· Construction Paper

· Aluminum foil

· Wax paper

· newspaper

· Scotch Tape

· glue

· Scissors

Activity Outline

Now that the students know about electromagnetism, they will act as space scientists and engineers involved in designing and creating a magnetometer boom for the STEREO/IMPACT NASA Mission.  [See the Resource Section for web links for more information about this mission]. Emphasize to your students that they will now imitate the actions and thought processes of real NASA mission scientists and engineers. 

Introducing the Interplanetary Magnetic Field (IMF) 

1. First have the students answer the question: “What objects in space have magnetic fields?”  [The Sun, Earth, the Moon, Mars, Jupiter, Saturn, Uranus] After some discussion emphasize that Earth and the Sun have large-scale magnetic fields that are similar to the magnetic field of a bar magnet (see Figure 3.1).  

2. Find out what your students know about the sun. [The Sun is a star.  A Star is a big ball of dense gas made up mostly of Hydrogen that generates its own energy through nuclear fusion.  For more information see the references in the Resource Section of this guide.]
3. Hand out to students and read “A NASA story of STEREO/IMPACT: Introductory material”, found in the Background Section of this guide.  See Figure 3.2 for a drawing of the interplanetary magnetic field (IMF) as seen from above the Sun’s axis of rotation.  Discuss the STEREO/IMPACT story.

4. Tell the students that an instrument to measure magnetic fields is called a magnetometer: an instrument to measure the magnetic field.  This word can be broken down into its two basic parts: magnet and meter, meter meaning a device used to make measurements.  A compass is a very simple magnetometer; it is also an incomplete magnetometer since it cannot measure the strength of the field.

Tell the students that at the Earth's distance from the Sun, the typical interplanetary magnetic field strength is about 5 nano teslas (nT), or about 1/10,000 the strength of the Earth's magnetic field at the surface.   Have them calculate Earth’s magnetic field from this information. [50,000 nT]  
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Figure 3.1: Above, a depiction of the magnetic fields around Earth known as the Magnetosphere is shown as viewed from the ecliptic plane.  The “North” pole is really a magnetic south pole which attracts the north poles of compasses. The solar wind modifies the dipole field lines far from Earth.  Image courtesy of NASA.
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Figure 3.2: On the left, depictions of the magnetic field (spiral lines) of the Sun (in the middle) are shown as one looks down on the Sun’s axis of rotation.  This magnetic field is known as the interplanetary magnetic field (IMF).  The orbits of Mercury, Venus, and Earth are shown as circles.  The spiral of the IMF shown here is due to the fact that the IMF is attached to the rotating Sun, but we draw it from a non-rotating perspective from above.  Image courtesy of NASA.
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(5. continued) Ask the students: “If we add or subtract the IMF magnetic field from Earth’s magnetic field, what numbers do we get?” [50,005 nT or 49,995 nT]  Point out that 50,005 nT or 49,995 nT is not very different from 50,000 nT.  Since magnetic fields do add and subtract, then we cannot determine measure the IMF near Earth because Earth’s magnetic field is so much bigger.

Introducing measuring the IMF from spacecraft

1. Tell the students to imagine that they are NASA scientists who want to better understand the interplanetary magnetic field (IMF) and how much material and magnetic fields are ejected from the sun.  Ask the students: “How would you measure the IMF?” [Take a magnetometer on a spacecraft into space far from Earth’s magnetic field where the IMF dominates.]    

2. Put “Overhead 3.1 for Measuring IMF” on an overhead projector and use a piece of paper to cover up the parts of the sentences that come after the ellipses.  One at a time, have your students try to guess the end of each of the sentences and then when they are close enough to the right answer, uncover the sentence.

3. Tell the students that satellites are sent into space using rockets.  At the final stage, the satellites are released from the rocket to fly in space alone.  

4. [image: image7.wmf]Ask the students how they would make an instrument turn on if it is located on a satellite. [Power from a battery or from the solar panels facing the Sun.]  Make sure that your students understand that there will be electricity flowing in wires on the satellite.  Tell them to keep this in mind while they are designing their experiment to measure the solar wind magnetic field.  
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Figure 3.3: Above are shown the instruments and the wires to carry the electricity to run the instruments on the Fast Auroral SnapshoT (FAST) satellite.  A magnetic field is associated with the current running through the wires and so the satellite has an overall magnetic field.   Photograph courtesy of NASA.

Designing an experiment to measure the IMF

1. Tell your students that they will now design a simplified experiment to measure the IMF.  Tell them what materials they will have available to use for their designs, such as construction paper, aluminum foil, tape or glue, and a compass.

2. Tell your students to pretend that Earth’s magnetic field is the IMF and the class room is out in space far from Earth but not too close to the Sun. (Our spacecraft will not burn up).   Explain to them that after designing their experiment, they will make a spacecraft bus using construction paper, tape, and magnets and that their experiment will have to be built on to the spacecraft bus.  

3. Ask your students: “Why will we put magnets in the spacecraft?” [Because the spacecraft will have a magnetic field that comes from the currents in the electrical circuits on the spacecraft but it is easier for us to use permanent magnets than electrical circuits
.  Figure 3.3 shows the inside of the Fast Auroral SnapshoT (FAST) satellite with the large wires draped around the instruments.] 

4. Hand out to groups of 3 students the “Worksheet 3.1 for measuring the IMF” and have them discuss and then draw their design on their worksheet, indicating the materials they will use.

5. Have your students answer the questions on worksheet 3.1: Why did you design the magnetometer experiment the way you did?  Why did you choose particular materials?  Why did you put the magnetometer where you did?  

If time permits include actions 6, 9, and 10 or else skip these actions.

6. (optional) Have each group then present their design to the class.  Have the other students give their constructive criticisms.  You should also give your criticisms. 

7. Introduce the following engineering terms to your students: 

a. Strong: a part on a spacecraft is strong if it does not break under considerable force, i.e. if it fails only at high stress

b. Rigid or Stiff: a part on a spacecraft is rigid or stiff if it does not change shape easily, i.e. if it resists deformation in tension, compression or bending

c. Play-free: a part on a spacecraft is play-free if it moves exactly with the spacecraft bus, i.e. if it does not move relative to the spacecraft bus

8. Have a discussion about their designs and brings up the following ideas:

a. making the experiment such that it is compact enough to fit in a rocket launcher but can move out far enough away from the spacecraft magnetic field when it gets into space (i.e. when the experiment is deployed);

b. using materials that are stiff enough so that their magnetometer experiment does not change shape if the satellite moves, strong enough so that during launch the experiment will not get damaged, and play-free so that the experiment won’t move when the satellite moves.

c. measuring the magnetic field far from the spacecraft;

It might help to read about magnetometer booms in the Background Section of this teacher’s guide to prepare for questions the students might have.

9. (optional) Hand out to each group the “Worksheet 3.2 for measuring the IMF” and have the students in each group write down the criticisms they received from their peers and you. 

10. (optional) Tell the students to redesign their experiment taking into account the feedback they got from their peers and from you and draw their designs on worksheet 3.2. But before they do this, have them act as real engineers and jump up and down and tell you they cannot do a redesign without more money!

Building and testing spacecraft boom designs

1. Tell the students to start by building a spacecraft bus (the body of a spacecraft).  The model will consist of a small cardboard or paper box that will represent the spacecraft bus that holds many of the instruments.  Inside the box they should tape a couple of magnets on the walls of the bus to mimic the magnetic fields generated by the electrical circuits in the spacecraft.

2. Have each group of 3 students build their magnetometer design using the materials given.

3. After each group has finished their spacecraft and magnetometer experiment, tell the students to hand their creations to the group next to them so that each group has some other group’s spacecraft and magnetometer experiment.

4. Hand out to each student “Worksheet 3.3 for measuring the IMF”.

[To save time, you can choose which tests you want them to perform.  Test 1 is important to the understanding of the magnetism lesson whereas Tests 2-5 are important to the understanding of a good magnetometer experiment design.]

5. Tell the students that now they will test the experiment that they were given by doing five (or fewer) tests and answering the associated question on worksheet 3.3 for each test.  

6. Tell the students that for tests 1-4 they will need to have the experiment in the position that it will be in when out in space (i.e. when it is deployed) sitting in the interplanetary magnetic field (IMF).   

7. (Test 1): 

a. Tell the students that they will answer the question: “does the magnetometer design allow you to measure Earth’s magnetic field even with the magnetic fields of the spacecraft present?”  

b. Have each group place a large piece of paper under the satellite bus and then measure the magnetic field around the spacecraft using several compasses and pencils (1 each per student).  See Activity 1 in this teacher’s guide, step number 4, and Figure 2.1 for an example of how to do this.  

c. Ask your students: “Do you detect Earth’s magnetic field at the place where the magnetometer experiment is located or are you still measuring the satellite magnetic field?” and have them write down their answer to the first question on worksheet 3.3.

8. (Test 2):  

a. Tell the students that they will answer the question: “is the magnetometer experiment play-free?”  

b. Have each group pick up the spacecraft and turn it around.  

c. Ask your students: “Is the magnetometer experiment rotating along with the spacecraft or does it move differently than the spacecraft?” and have them write down their answer to the second question on worksheet 3.3.

9. (Test 3):

a. Tell the students that they will answer the question: “is the magnetometer experiment rigid?”

b. Have each group pick up the spacecraft and turn it around.  

c. Ask your students: “Is the magnetometer experiment changing shape as you move the spacecraft?” and have them write down their answer to the third question on worksheet 3.3.

10. (Test 4): 

a. Tell the students that they will answer the question: “does the magnetometer experiment have a good mechanism for deploying, i.e. moving away from the spacecraft’s magnetic field once out in space in the IMF?”

b. Have each group try to move the magnetic field experiment in its launching position and then back out to its IMF-measuring position.

c. Ask your students: “Does the magnetometer experiment move easily from launch position to measurement position?” and have them write down their answer to the fourth question on worksheet 3.3.

11. (Test 5):

a. Tell the students that they will answer the question: “is the magnetometer experiment strong enough for launch?” 

b. Have each group put the experiment into launch mode and then shake the satellite.  

c. Ask your students: “Did the experiment remain safely where it was located for launch?” and have them write down their answer to the fifth question on worksheet 3.3.

12.  Gather your class together and show your students the photos of the STEREO/IMPACT magnetometer experiment found in the Background section of this teacher’s guide.  Tell your students that they have performed many of the tasks and tests that are performed by engineers and scientists who want to measure the IMF, including the “shake test” which is the real name for the test done by NASA engineers!  

13.  If you have internet, show them the STEREO and STEREO/IMPACT web pages (as found in the resources section in the Background Section of this teacher’s guide) to show a test of the deployment of the IMPACT magnetometer boom and to find out what exciting science has been discovered by the STEREO mission.
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Worksheet 3.1 for Measuring the IMF

Name:   ____________________________

Date:   ____________________________

1. Draw a design of your magnetometer (instrument to measure a magnetic field) system, which will measure the interplanetary magnetic field (IMF).  Your magnetometer has to be attached in some way to the spacecraft bus, drawn for you below.  Indicate what materials you will use on your design.


[image: image2]
2. Write down why you designed the magnetometer experiment the way you did.  Why did you choose particular materials?  Why did you put the magnetometer where you did?  ________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Worksheet 3.2 for Measuring the IMF

Name:   ____________________________

Date:   ____________________________

3. Write down the comments you received from your classmates and teacher about your design.

_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
4. Redesign your experiment and draw up a new design using the comments you received:
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Worksheet 3.3 for Measuring the IMF

Name:   ____________________________

Date:   ____________________________

On a separate piece of paper, answer the following question for each test:

Test 1: Does the magnetometer design allow you to measure Earth’s magnetic field even with the magnetic fields of the spacecraft present?  Explain how test 1 helped you to answer this question.

Test 2: How rigid is your design, i.e. will the magnetometer stay where you put it or does it move around when you move the spacecraft?  Explain how test 2 helped you to answer this question.

Test 3: Is the magnetometer experiment rigid? Explain how test 3 helped you to answer this question.

Test 4: Does the magnetometer experiment have a good mechanism for deploying, i.e. moving away from the spacecraft’s magnetic field once out in space in the IMF?”  Explain how Test 4 helped you answer this question.

Test 5: Is the magnetometer experiment strong enough for launch? Explain how Test 5 helped you answer this question.

The panels on top are… the solar panels that convert sunlight to electrical energy.  


The big grey box is…    the spacecraft bus (body). 


The arrows point to…    most of the instruments on the satellite.


The oval on the left is… the telemetry antennae: the antennae that sends and receives information to and from NASA scientists on Earth.
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� Not only is it easier, but in order to get the same ratio of  spacecraft magnetic field to IMF as spacecraft magnetic field to Earth’s magnetic field, we need a larger magnetic field than what most electronic devices or lesson-made circuits will create.  A bar magnet, however, will usually provide a strong enough magnetic field to get the ratio closer to the real ratio in space.
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