2007 AP® PHYSICS C: ELECTRICITY AND MAGNETISM FREE-RESPONSE QUESTIONS
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E&M 3.

In the diagram above, a nichrome wire of resistance per unit length 1 is bent at points P and Q to form horizontal
conducting rails that are a distance L apart. The wire is placed within a uniform magnetic field of magnitude B
pointing into the page. A conducting rod of negligible resistance, which was aligned with end PQ at time ¢ = 0, slides
to the right with constant speed v and negligible friction. Express all algebraic answers in terms of the given
quantities and fundamental constants.

(a) Indicate the direction of the current induced in the circuit.
Clockwise Counterclockwise
Justify your answer.
(b) Derive an expression for the magnitude of the induced current as a function of time z.
(c) Derive an expression for the magnitude of the magnetic force on the rod as a function of time.
(d) On the axes below, sketch a graph of the external force F,, as a function of time that must be applied to the rod

to keep it moving at constant speed while in the field. Label the values of any intercepts.
F,

ext
A

0 > Time
(e) The force pulling the rod is now removed. Indicate whether the speed of the rod increases, decreases, or remains
the same.

Increases Decreases Remains the same

Justify your answer.

END OF EXAM
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