Magnetic Fields
FACILITATOR NOTES

Overview

In this activity, students explore the effect of magnetic fields on moving, electrically charged particles. The magnetic fields are real, but the moving particles are simulated by a simple robot with a magnetic field sensor. The activity provides a convenient, visible method for modeling a variety of exotic situations without the cost and potential danger of working with antimatter, nuclear fusion or high-speed electrons.

Goals of the Activity

· Predict qualitatively how a moving electrically charged particle will be deflected by a magnetic field,

· Design, test and evaluate a system to confine a simulated charged particle, and
· Discuss the promise and the challenges related to hydrogen fusion as a possible long-term solution to energy needs.

Standards

National Science Education Standards (NRC)

B.
Physical Science

Motion and Forces
-- Electricity and magnetism are two aspects of a single electromagnetic force. Moving electric charges produce magnetic forces, and moving magnets produce electric forces. (9-12)

Interactions of Energy and Matter
--- Electromagnetic waves result when a charged object is accelerated or decelerated…. (9-12)
E

Science and Technology
Abilities of Technological Design

-- Propose designs and choose between alternative solutions (9-12)

-- Implement a proposed solution (9-12)
-- Evaluate technological designs or products (9-12)
Understandings about Science and Technology
-- Science often advances with the introduction of new technologies. Solving technological problems often results in new scientific knowledge. New technologies often extend the current levels of scientific understanding and introduce new areas of research. (9-12)

-- Science and Technology are pursued for different purposes. Scientific inquiry is driven by the desire to understand the natural world, and technological design is driven by the need to meet human needs and solve human problems. (9-12)

F

Science in Personal and Social Perspectives

Natural Resources
-- The earth does not have infinite resources; increasing human consumption places severe stress on the natural processes that renew some resources and it depletes those resources than cannot be renewed. (9-12)

Science and Technology in Local, National, and Global Challenges
-- Understanding basic concepts and principles of science and technology should precede active debate about the economics, policies, politics, and ethics of various science- and technology-related challenges. However, understanding science alone will no resolve local, national, or global challenges. (9-12)
Standards for Technological Literacy (ITEA)
3

Relationships among Technologies and Connection with Other Fields
-- Technological innovation often results when ideas, knowledge, or skills are shared within a technology, among technologies, or across other fields. (9-12)
5

Effects of Technology on the Environment
-- Humans devise technologies to reduce the negative consequences of other technologies. (9-12)

-- Decisions regarding the implementation of technologies involve the weighing of trade-off between predicted positive and negative effects on the environment. (9-12)
9

Engineering Design
-- Modeling, testing, evaluating, and modifying are used to transform ideas into practical solutions. (6-8)

-- A prototype is a working model used to test a design concept by making actual observations and necessary adjustments. (9-12)
16
Select and Use Energy and Power Technologies
-- Energy resources can be renewable or nonrenewable. (9-12)

Secondary School Math Standards (NCTM)

Geometry
-- investigate conjectures and solve problems involving two- and three-dimensional objects represented with Cartesian coordinates. (9-12)
Connections
-- Recognize and apply mathematics in contexts outside of mathematics. (9-12)

Representations
-- Use representations to model and interpret physical, social, and mathematical phenomena. (9-12)

Equipment/Software Needed

FOR THE CLASS:

SAM EDE1200 Robot.

TI-83 or 84 calculator

LabPro or CBL2 interface

Magnetic Field Sensor (Vernier # MG-BTA)
Several bar magnets

Cups with sand, clay, marbles or other materials to hold the magnets upright

TI-Presenter or TI-ViewScreen projection system

CALCULATOR PROGRAM: SAMMGST
Activity Set Up
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Prepare the SAM robot and calculator program. Connect the magnetic field probe to analog channel 1 and tape the probe in place as shown at the front of the robot with the white dot up.
Identify a location on the floor (or perhaps on a large table) where the SAMMGST program makes the robot move relatively straight with no magnets present. Areas with current-carrying wires in the floor or nearby may give erratic results.
Pre-Activity Discussion

Prior to this activity, students should have explored the nature of the magnetic field around a bar magnet using either iron filings or a magnetic field probe.
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Show the students first that the SAM robot moves relatively straight when there are no magnets nearby. Then place a strong bar magnet to the right of the robot’s path with the magnet’s N end up. Ask the students to predict how they think the magnet would affect the path of a proton moving rapidly along the same path as the robot. Guide the discussion to include a description of the magnetic field through which the “proton” will be passing. (The field will be directed vertically downward.) Depending on their understanding, students may predict (correctly) that the magnetic field will deflect the “proton” to the right. Whatever their predictions or reasons, continue on to demonstrate that the robot-proton does deflect to the right.
Return the robot to its original position and shift the magnet (still N pole up) to the left side of the robot’s path, and request the same prediction as before. Unless you have an unusually good group, it is likely that many or all students will predict that the robot will now deflect to the left because it is “attracted to the magnet.” Run the robot-proton to show that it still deflects to the right and guide the students to recognize that the direction of the magnetic field is still vertically downward. You may want to do a third demonstration with the magnet directly in front of the robot (N pole still up). Some teachers will ask their students to apply the “right-hand rule” to these predictions, but others will be satisfied if students understand that a downward magnetic field consistently deflects a positive moving charge to the right. If students have difficulty visualizing the magnetic field, you may want to hang cardboard arrows from the ceiling. By attaching a bit of Velcro to the string and to each end of the arrow, you will be able to reverse its direction later. 

Ask for suggestions about how to make the robot-proton deflect to the left. Hopefully, the discussion will converge on the idea of inverting the magnet, placing it with its S pole up to create a magnetic field which is pointing up. Also ask for suggestions about where the magnet should be placed, and encourage the conclusion that the magnet’s location matters far less than its orientation. Run the robot in accordance with the group’s recommendation, and the robot-proton should indeed deflect left. You may also want to use two magnets, one on each side of the robot-proton’s path.
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Point out that magnetic forces are used to steer electrically charged particles in a variety of situations, perhaps mentioning (non-flat) TV and computer monitors or the more exotic example of magnetic bottles for nuclear fusion and antimatter. Ask the students to read the introduction to the activity on their Participant Handout and with the first set of questions. 

Facilitating the Activity

Part 1: Magnetic Fields and Moving Charges
This part of the activity is designed to reinforce the introductory demonstration and to establish a system for representing the three-dimensional characteristics of electromagnetic interactions. Have students work in groups to discuss their diagrams, but each student should draw the results for himself or herself. The exact curvature is not important, but the answers should be qualitatively similar to those at right. Neither the robot now the magnetic fields are consistent enough for quantitative analysis.
Part 2: A Magnetic Bottle
If you like, the activity can be presented as contest, with specific scores and winners based on number of magnets, time to completing or “breakout,” etc. If you do it as a contest, specify the scoring criteria clearly in advance.

The grid is intended to be reproducible using 10” or 12” floor tile. The “bottle” itself should be marked with masking tape or chalk.
Some robots are likely to break out of the containment area, and this may be seriously frightening to students who think of it as containing a nuclear reaction. Point out the fusion is considered to be much safer than fission reactor, since any break will reduce the pressure and immediately stop the reaction. The dangers of a “meltdown” which students may associate with Three-Mile Island or Chernobyl do not apply to fusion reactors.

Post-Activity Discussion

Compare and contrast the alternative solutions, emphasizing questions about the number and spacing of magnets. Also discuss the larger issues, including the question of whether or not students believe fusion will actually be the solution (or part of the solution) to the world’s energy needs.
Group Activity Questions

See Report Forms.

Individual Assessment

Problems that may be used on a quiz or test:

1) What advantages would hydrogen fusion have as an energy source when compared with coal or petroleum?
2) Discuss one of the major unsolved technical challenges to the use of hydrogen fusion for producing electricity.

3) On the 2 diagrams below, sketch a line or curve to show the path which a negatively charged object would follow with each orientation of the magnetic field.


[image: image1]
Extending the Activity

Have the students design a new shape for the containment area. 
Troubleshooting
If the system fails to operate, check all connecting cables and make sure the batteries in the LabPro or CBL2 are fresh. Load and run DCUINIT to verify that the calculator and interface are communicating correctly.

If the LabPro or CBL2 beeps unexpectedly when you run CLRSINES, you made need to upgrade the LabPro’s firmware. This program uses commands that were not included until firmware version 6.26. The upgrade and instructions are available on Vernier’s website at http://www.vernier.com/calc/flash.html
Additional Resources
· Investigating Safely: A Guide for High School Teachers by Juliana Texley, Terry Kwan and John Summers, NSTA Press, 2004, ISBN10: 0-87355-202-4, available from http://store.nsta.org.

· The Princeton Plasma Physics Laboratory provides IPPEX (Interactive Plasma Physics Education Experience) an excellent introduction to the use of magnetic fields for plasma and fusion confinement. Their website at http://ippex.pppl.gov includes an on-line opportunity to operate a virtual Tokamak.
· Information about current research and educational programs at the National High Magnetic Field Laboratory is available at http://www.magnet.fsu.edu/index.asp.

· An interesting article, “Scientists Examine Using Antimatter and Fusion to Propel Future Spacecraft,” is available at http://science.nasa.gov/newhome/headlines/prop12apr99_1.htm. The article includes a drawing of a possible antimatter-powered Mars ship with magnetic nozzles.
· Information about the University of Wisconsin’s Synchrotron Radiation Center (shown in the opening photo of the Participant Handout) is available at http://www.src.wisc.edu. Through Project SPECTRUM, the center provides opportunities for high school or introductory college students to perform experiments remotely using the one of their beamlines.
· The Energy Information Administration provides extensive about current and estimated sources of energy for the US at http://www.eia.doe.gov/.
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