Metal Detector Principles
On the screen is a cartoon of a metal detector (shown below). 
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· Read to Students: At its most basic, a metal detector is a coil of wire. A pulse of current is sent through the wire producing a magnetic field (shown as blue lines). When a piece of metal, say a gold doubloon, is sufficiently close to the coil, an emf or voltage is detected across the coil. At this point in the class, you have enough knowledge of physics to tell me how this works. Break up into groups of two or three students and figure out how a metal detector works. Wait until students appear to have reached consensus.
· All right, that’s probably enough time. I’m going to put up a list of possible pieces of the explanation. The complete explanation requires one or more of these pieces. Write the letters corresponding to the pieces you think are required on a piece of paper and hold it in front of you. Write big, my eyes aren’t what they once were.
Metal Detector Explanation Pieces:

A. The magnetic field of the coil exerts a magnetic force on the coin.

B. The magnetic field of the coil induces a magnetic moment on the magnetic material in the coin.

C. The magnetic field of the coin exerts a magnetic force on the coil causing an output voltage.

D. The changing magnetic field at the coin induces eddy currents in the coin.

E. The magnetic field of the eddy currents exerts a force on the coil causing an output voltage.
F. The magnetic field of the eddy currents produces a changing magnetic flux through the coil producing an output voltage.

G. The magnetic field of the induced moment on the magnetic material in the coin induces a changing flux through the coil and hence an output voltage.

Select as many as you want.

· Wait for most students to hold up a paper. The correct answer is D and F, but don’t give this away yet.

· Say to the students: I saw some groups select answer B. If you think a bit, you will find you have compelling evidence that this is not how a metal detector works. What is that evidence? Discuss it amongst yourselves for a minute and I will call on a couple of groups at random. 
· Give the students some time, and then call on a few groups. With the hint that B is incorrect, they should be able to come up with the answer that many of the materials that we wish to detect with a metal detector, such are gold and silver, are not magnetic materials.
· Suggest that students may wish to update their selections to the first question.

· Look around the classroom. If there are a substantial number of students who have selected E, ask the following question. This may be used as a homework question if most students have the first question correct.
Follow-up Question: In general, what is required to observe an output voltage across a loop of wire?
A. A magnetic field at the wire.

B. A magnetic flux through the surface bounded by the wire

C. A changing magnetic field at the wire.

D. A changing magnetic flux through the surface bounded by the wire

Answer: Faraday’s law states that an emf or voltage is generated by a changing magnetic flux through the surface bounded by a wire.

· Allow students to once again correct their choices to the first question. Collect the first question. If the activity has gone well, most answers will now be correct.

· Present the simulation and show the steps.

· The coil produces a magnetic field (blue).

· The changing magnetic field induces eddy currents in the coin (yellow).

· The eddy currents produce a magnetic field (red), which causes a changing magnetic flux through the coil and thus a voltage across the loop.

