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1. (a) Derive that the specific heat of constant volume “C,” = 3R/2, and the specific heat of
constant pressure “C,” = SR/2 for monatomic ideal gas. (Note: R is the ideal gas constant.)

(10 points)

(b) Derive that in an adiabatic process, P - V¥ =constant. y = Gy /C . (5 points)
w

2. (a) Explain what 1s “Carnot's Cycle” or “Carnot's Engine”. Plot the cycle in a P-V diagram. (10
points)
(b) If a Carnot's engine is operated between the hot temperature Ty, and the cold temperature T=
Ty /2. Calculate the efficiency of the Carnot's Engine =? (5 points)

3. What is the height of the center of mass in a half spherical wood? (Note that the mass

distribution is uniform and the radius equals “R”. (10 points)

4. Derive the following rotational inertia for the objects (mass=M).

(10 points x 2)
(a) disc (b) rectangular plate
: W NS
5
I=(MR?Zz)/2 I=M(b2+a2)/12
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5. Propose a method to measure the carrier density in a piece of semiconductor. Explain the
mechanism applied in this method. (Hint: you may apply an electric current and a magnetic
field to the semiconductor.) (10 points)

6. There is a thick metallic spherical shell with the inner radius = R; and outer radius = R,. The net
charge of this shell is zero. There is a point charge +Q in the center of spherical shell.
(a) How is the charge distribution in the metallic shell? Calculate its surface or volume charge
density. (5 points)
(b) Calculate and plot the electric field E(r) for =0 ~ oo. (Note: r is the distance to the center of

this spherical shell.) (5 points)
(c) Calculate and plot the electrical potential @(r) for =0 ~c0. (5 points)

7. (a) If a pendulum is suspended with a light string. The length of this string is L and the pendulum
can be treated as a mass point. What is the length of L shall we choose in order to have the
oscillation frequency = 1 /sec. (The gravitational acceleration g = 10 m/s>.) (5 points)

(b) When the light string and pendulum is replaced by a thin uniform rod, what is the length of L
shall we choose in order to have the oscillation frequency = 1 /sec? (Note: The length of rod

is L, and the mass is m. The gravitational acceleration g = 10 m/s*>.) (10 points)



