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1. Consider a one-dimensional system with potential energy plotted below.

(a) Discuss, then plot the v-x diagram for a particle with energy E . (7pt)
(b) Discuss, then plot the v-x diagram for a particle with energy E.. (7pt)
(c) Discuss, then plot the v-t diagram for a particle with energy E , initial position a, and

negative initial velocity.(6pt)

U (Joule)

2. A mass m attached to a spring with spring constant k (the other end of the spring is
fixed). The mass of the spring is negligible. When the mass moves at velocity v, there is
a drag force -bv acting on the mass.

(a) Write down the equation of motion for the mass m when there is no other external force
acting on the system. (5pt)

(b) Solve the displacement x of the mass as a function of time for arbitrary initial condition

under the condition that the oscillator is underdamped. (5 pt)

(c) Solvve the displacement x of the mass as a function of time for arbitrary initial condition

under the condition that the oscillator is overdamped. (5 pt)
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(d) Now consider an extra external force F_.= F, coswt acting on the mass. Discuss the

phenomenon "resonance" under this situation. (5pt)
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(a) Explain what happens to the molecules in a dielectric when an external electric field is
applied to it. (10pt)

(b) From (a), give the microscopic meaning of the dielectric constant of a material. (10pt)
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(a) State the 2™ law of thermodynamics precisely. (7pt)

(b) What is the definition of entropy (S) of a system? What is the physical meaning of
entropy? (6pt) |

(c) Let U be the internal energy, F = U - TS is the Helmholtz free energy of a

thermodynamic system. What is the physical meaning of F? (7pt)

5.
(a) Use an example to discuss the phenomenon "diffraction” in waves. (10 pt)

(b) Discuss the physical restrction on the spatial resolution of an optical device. (10 pt)
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