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. The circuit shown consists of a battery of emf &, resistors 1 and 2 each with resistance R, capacitors 1 and 2
with capacitances C and 2C, respectively, and a switch. The switch is initially open and both capacitors are
uncharged.

At time t = 0, the switch is closed to Position A.

(a) Write, but do NOT solve, a differential equation that can be used to determine the charge Q on the positive
plate of Capacitor 1 as a function of time ¢ after the switch is closed to Position A. Express your answer in
terms of €, R, C, O, t, and fundamental constants, as appropriate.

GO ON TO THE NEXT PAGE.

conunue your response 10 QUESITIVUN s On nisS page.

(b) On the axes shown, sketch graphs of the surface charge density o on the positive plate of Capacitor 1 and the
total power P dissipated by the resistors as functions of time ¢ from time ¢ = O until steady-state conditions
are nearly reached.
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A long time after the switch is closed to Position A, the charge on the positive plate of Capacitor 1 is O, and
Capacitor 2 is uncharged.

(c) At time 17, the switch is closed to Position B.

i. Immediately after time #, is the direction of the current in the switch directed toward the left, directed
toward the right, or is there no current? Briefly justify your answer.

ii. Determine an expression for the total charge on the positive plate of Capacitor 2 a long time after ;.
Express your answer in terms of Q, and fundamental constants, as appropriate.

GO ON TO THE NEXT PAGE.
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ii1. Derive an expression for the total energy Ep dissipated by resistors 1 and 2 from immediately after
time # until new steady-state conditions have been reached. Express your answer in terms of C, 0, and
fundamental constants, as appropriate.

With the switch still closed to Position B, the parallel plates of Capacitor 2 are moved so that the separation
distance increases by a factor of 2.

U.
(d) Determine the ratio 72 of the energy U, stored in Capacitor 2 to the energy U, stored in Capacitor 1 a long
1

time after the plates of Capacitor 2 have been moved. Briefly justify your answer.

GO ON TO THE NEXT PAGE.

conunue your response 10 QUESIT1IVUN 5 On tnis page.

With the capacitors still charged as in part (d), the switch is now closed to Position A.

(e) Express your answers to part (¢)(i) and part (e)(ii) in terms of R, C, Q,,, and fundamental constants, as
appropriate.

1. Derive an expression for the current /;, from the battery immediately after the switch is closed to
Position A.

ii. Determine the current I, from the battery a long time after the switch is closed to Position A.

GO ON TO THE NEXT PAGE.

STOP

END OF EXAM




