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Explain in equations and reasoning the following terms: (20%)
A. The uncertainty principle

B. Fermi—Dirac distribution

C. Singlet and triplet states of two electronic spins

D. Nuclear fission

(a) Spaceship A moving away from the earth with speed 0.900 ¢ fires a missile in the same direction as itsw
motion, with speed 0.700 c relative to the spaceship. ¢ is the speed of light. What is the missile’s velocity]
relative to the earth? (5%) (b) Spaceship B tries to catch up with spaceship A by traveling at 0. 950 c relative to
the earth. What is the relative velocity between A.and,;B? (5%) (c) What is the speed of a spaceship such thaﬁ
its total energy is ten times the rest energy? (10%)

A particle of mass m is confined inthe one-dimensional infinite square well'of length L as shown in the figure
below. (a) Calculate all its allowed (kinetic) energy eigenvalues in terms of m, L, and other related constants.
(b) Calculate the corresponding (normalized) eigenfunctions and:the expectation value of the position of the
particle. (20%) 4 | | %
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A free particle of mass m and with energy E is moving from — o to . When the particle reaches x = 0, if]

encounters a constant potential step ¥, which is smaller than'E. (a) What are the wave vectors k; and &
associated with the particle for the regions x. < 0“and"x >_0 respectively? (b) What are the reflection an;L
transmission coefficients of the particle? (20%)
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There are N free electrons in a metal of volume ¥ and the temperature is at absolute zero. It is also known that]
the distribution of the free electron energy can be described by the density of the electronic energy levels g(e)

72
- 8—”@;1—3& , wWhere ¢ is the (kinetic) energy of the free electron and g(e)de is the number of electroniq
energy levels (including both spins) between € and € + de, m the mass of the electron, and /4 the Planck
constant. (a) Calculate the highest energy level (called Fermi energy) €, of the electron in the metal in terms of

N, V, and m. (b) What is the total energy of all the N electrons in the metal as expressed in terms of N and e’
What is the average electron energy? (20%)
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