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1. A nonuniform bar is suspended at rest in a horizontal position by two massless wires. The angles between the wires and the vertical walls are =30o and =60o as shown in Fig. 1. If the length L of the bar is 4.00 m, what is the distance x from the left end to the center of mass (com)? (10 %) 

2. A uniform solid sphere of radius R produces a gravitational acceleration of ag on its surface. Find the distances from the sphere’s center where the gravitational acceleration is ag/2, when the points are (a) outside (3%) and (b) inside (5%) the sphere. (c) Determine the escaped speed of a particle when it is projected from the surface of the sphere. (4%)  
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3. Fig. 2 shows a stream of water flowing through a hole at depth h=3.0 cm in a tank holding water to height H=15.0 cm. (a) At what distance x does the stream strike the floor? (6%) (b) At what depth should a hole be made to maximize x? (4%) Assume the hole area a is much smaller than the container area A (a<<A or a/A->0).


4. In Fig. 3, the pendulum consists of a uniform disk with radius r=20.0 cm and mass 400 g attached to a uniform rod with length L=50.0 cm and mass 300 g. (a) Calculate the rotational inertia of the pendulum about the pivot point. (3%) (b) What is the distance between the pivot point and the center of mass of the pendulum? (4%) (c) Calculate the period of oscillation. (5%) (Rotational inertia of a disk pivoted at its center of mass is (1/2)Mr2; Rotational inertia of a rod pivoted one end is (1/3)ML2)    


5. As shown in Fig. 4, A cylindrical wooden rod (mass m) is loaded with lead (mass M) at one end and floats in liquid (density ) with  L under the liquid in equilibrium. Assume the cross section of the rod is A. The rod is set into vertical oscillation.

(a) Show that the oscillation is simple harmonic. (5%)

(b) Find the period of oscillation. (4%)

(c) If the rod is pressed into the liquid and then released when the length under the liquid is L’. What is the maximum velocity of the rod? (4%)

6. Two harmonic waves are described by
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   where x, y1 and y2 are in cm and t is in second. Find

(a) the value of phase difference in the conditions of the constructive interference and destructive interference respectively after applying the superposition principle. (5%)

(b) the wave velocity of the resultant wave (also point out the direction). (4%)

(c) the value of resultant wave function at x=10 cm, t=0.10 s and =60o. (4%)

7. Two trains are traveling toward each other and both have speed 40.0 m/s relative to the ground. One train is making sound at 500 Hz. The sound velocity is 343 m/s. What frequency is heard on the other train (a) if the air is still? (4%) (b) if the wind is blowing at 40.0 m/s toward the sound and away from the listener? (6%) 

8. (a) What is the rate of energy loss in watts per square meter through a glass window 3.0 mm thick if the outside temperature is －20oF and the inside temperature is ＋72oF? (4%) (b) Another window having the same thickness is installed parallel to the first window, with an air gap of 7.5 cm between the two windows. What is the rate of energy loss if conduction is the only important energy-loss mechanism? (7%) (The thermal conductivity of glass is 1.0 W/m·K; the thermal conductivity of air is 0.026 W/m·K)

9. When 17.7 J was added as heat to a non-monatomic ideal gas, the volume of the gas changed from 50.0 cm3 to 100 cm3 while the pressure remained at 1.00 atm. (a) How much did the internal energy of the gas change? (4%) If the quantity of gas present was 2.00×10-3 mol, find (b) Cp (4%) and (c) Cv (3%). (d) What is the degree of freedom of the gas molecule? (4%) (1 atm=1.01×105 Pa) (R=8.31 J/mol(K)

10. (a) Plot the P-V diagram for a Carnot engine and explain the physical meaning in each process. (4%)

(b) Calculate the efficiency of the Carnot engine if temperature of hot reservoir Th=900 K and temperature of cold reservoir Tc=300 K. (4%)

(c) Calculate the entropy change (S) of 3 moles of ideal gas undergoing isothermal expansion process from an initial volume V0 to a final volume 2V0 at T=900 K. (6%)
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