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1. A photon collides with a stafionary electron to produce an el ectron-positron pair,
hote —~e +{(e +e").
Find the minimum energy for the photon in terms of electron rest energy. (5%)

2. An observer moves at a speed y away from a source.
(a) Derive the formulas for the Doppler effect both in light and in sourd. (10%)
{b) When 1 << ¢, are the formulgs m {a) reduced to the same form? (5%)

3. A metal surface illuminated by 5x 10" Hz light emits electrons whose maximfm
kinetic energy is 0.5¢V. The same surface illurninated by 8.6 x 10" Iz Light emits
electrons whose maximom kinetic energy is 2eV .

Find Planck’s constant and the work function of the surface. (109%})

4. A particle of mass # inabox | wide,

{a) Find the uncertainty in position for the particie in the ground state and
first excited stafe. {10%)

(b) Find the uncertainty in momentum for the particle in the ground state and
first éxcited state. (10%)

{(c) Find the limit of the uncentainty in position and in momentum for large
guantum number. (10%)

{dy Calculate the expectation value of the product of momentum and
position < px > for the particie in the first excited state. Is it the same as
the expeciation valve < xp > 7 (10%])

5, From the quantum theory of the hydrogen atom, what are the angles between

its orbital enguiar momentum vector L and the z-axis for orbital quantum number
{=1? and for 1 =27 (10%)

6. Consider a system of thres electrons in states specified by quantum numbers n,,
n,and x,. Let the one-electron states be v, (n), ¥, () and ¢, (r,).
By vsing the one-electron states, construct a state of the system that is anti-
symmetric with respect to an interchange of any two electrons. (5%)

7. A gas of 4 particles, each of which can oceupy a state of energy E, = ne,
. where n is an integer (0,1.2...). The total energy of the system is E = 9¢.
List all possible macsostates and determine the number of microstates associated
with each macrostate, for (2) a gas of classical atoms, (b} a gas of bosons, and
{c) a gas of fermions. (15%)



