. (10 points, suggested time 20 minutes)

At the instant shown above, a negatively charged object is moving to the left with constant velocity v near a long,
straight wire that has a current / directed to the left. The region contains a uniform electric field of magnitude E,
and the charged object is at a distance d from the wire. The figure shows the electric and magnetic forces, Fx and
Fy, respectively, exerted on the charged object.

(a) Derive an expression for v in terms of E, d, I, and physical constants, as appropriate.
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(b) The charged object is removed, and a square coil with side length 2L is placed near the long, straight wire, as
shown above. The bottom of the coil is a distance L from the wire. The magnitude of the magnetic field due to
the current in the wire is 3B, at point P, and B, at point P,.

1. Write an “X” at a location on the figure where the magnitude of the magnetic field is 2B,.
Briefly justify your reasoning.

GO ON TO THE NEXT PAGE.

Continue your response to QUESTION 4 on this page.

ii. Over a time interval of 2.0 s, the current in the wire is decreased. The initial magnetic flux through the

coil is 5.0 x 10> T-m? and the final magnetic flux through the coil is 1.0 X 107> T- m”’. The coil has a
total resistance of 10 Q. Calculate the magnitude of the average current in the coil during the 2.0 s time
interval.
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The wire is removed and the square coil is positioned so that the coil is directly above and concentric with a round
coil of wire connected to a power supply. A part of the square coil is removed and a lightbulb is connected to the
coil, as shown above.

(c) During a short time interval, the current in the power supply is constantly increasing. Use physics principles to
explain why the lightbulb is lit during the entire time interval.

GO ON TO THE NEXT PAGE.

STOP

END OF EXAM




