Magnetic Fields
Electricity and Magnetism / Technology
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.
Background:
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One of the most important (but invisible) examples of using magnetic fields to steer electrically charged particles is the deflection of electrons within moving wires—a process which is key to the operation of both electric motors and electric generators. A more exotic application is shown at right, where magnets at the Synchrotron Radiation Center in Wisconsin bend electrons traveling at nearly the speed of light to produce intense beams of electromagnetic radiation for research in medicine, material science and other fields. Another proposed application is the use of “magnetic bottles” to contain the nuclear fusion reactions which may ultimately provide the world with a powerful, clean, inexpensive source of electricity. An even more exotic (and more distant) possibility is the use of magnetic bottles to contain antimatter for use as a fuel on space vehicles. There are also many natural examples of magnetic steering, including the role of the Sun’s magnetic field in producing solar flares and the role of the Earth’s magnetic field in producing the northern and southern lights.
PART 1   Magnetic Fields and Moving Charges
The diagrams on the Report Form all represent a top-down view of the magnetic field which controls our robot. A cross, X, represents the tail of a downward magnetic field arrow as it points away from the viewer. A dot with a circle, (, represents an upward magnetic field arrow at it points toward the viewer. If the magnetic field probe is oriented with its white dot upwards, it will report an upwards magnetic field to be positive and a downwards field to be negative.
1. On each diagram in question 1 on the Report Form, sketch the path which the positively charged robot-positron followed with each orientation of the magnetic field.
2. In question 2, sketch a line or curve to predict how a negatively charged robot-electron will move with each orientation of the magnetic field. (Assume that this robot-electron has the same speed and mass as the positively charged robot above.)
3. In question 3, sketch a line or curve to predict how an uncharged robot-neutron will move. (Assume the mass and speed are the same as before.)
4. When everyone has completed their sketches, use the robot to test the predictions and summarize the results.
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1. On the 2 diagrams below, sketch a line or curve to show the path which the positively charged robot-positron followed with each orientation of the magnetic field.
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2. On the 2 diagrams below, sketch a line or curve to show the path which the negatively charged robot-electron will follow with each orientation of the magnetic field.
[image: image7.jpg]


[image: image8.jpg]



[image: image2]
3. On each diagram below, sketch a line or curve to predict how an uncharged robot-neutron will move.
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4. Were your predictions for the negatively charged robot-ion and the neutral robot-neutron correct? If not, explain how the actual paths were different from your prediction.

PART 2   A Magnetic Bottle
Many people believe that hydrogen fusion—the same nuclear reaction that powers the Sun—will eventually become the primary energy source for human activities on Earth. Princeton University’s Plasma Physics Laboratory (PPPL), for example, is deeply engaged in “creating innovation to make fusion power a practical reality.” PPPL reports that 1000 MW coal-fired electric generating station (the type which produces nearly half of US electricity) consumes 9000 tons of coal per day while releasing 30,000 tons of carbon dioxide, 600 tons of sulfur dioxide, 23 pounds of uranium and 57 pounds of thorium. By comparison PPPL claims that a fusion plant with the same generating capacity would consume less than 3 pounds of hydrogen isotops and produce no waste except for 4 pounds of ordinary helium. (http://ippex.pppl.gov/fusion/
fusion5.htm)
PPPL states that to make fusion practical we must “improve our understanding of the underlying physics principles and advance the state-of-the-art of critical enabling technologies.” One of the most critical of these enabling technologies is the ability to contain the hydrogen nuclear reaction at the enormus temperatures and pressure needed to sustain fusion. There are other possible solutions (notably “inertial confinement”), but PPPL and many others believe that “magnetic bottles” provide the best hope for a solution. Magnetic bottles have also been advocated as the most promising technology for containing antimatter which might be used as a fuel for long space voyages.
In this activity, you will design and test a “magnetic bottle” which can contain the robot-positron and direct it along a prescribed path. A diagram of the containment space is provided on the Report Form. You can use up to 12 magnets around or in that space, but less costly solutions (those using fewer magnets) are preferred. At the trial, the robot-positron will be lauched at the location marked “start,” but it will set out in a random direction. Your goal should be for the robot to emerge at the location marked “finish”—or at least to keep the robot-positron inside the containment area for as long as possible.
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1. Did the robot-positron reach the finish point?
Yes
No

If Yes, Time to finish? 

______________

If No, Time within the container: _____________

2. What changes would you make to your magnetic bottle to improve its performance?
3. What changes would you make to use your magnetic bottle with electrons instead of positrons?
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