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1. (10%) Two spaceships, A and B, travel from earth to outerspace. An as-
tronomer on earth observes that A and B travel in opposite directions with the

same speed 0.8¢ (¢ = speed of light). What is the speed of A relative to B 7

2. (10%) A particle with mass m is confined in one-dimensional box between z = 0
and z = L. Apply the Heisenberg’s uncertainty relation to estimate the energy
E of this particle at the ground state. Your answer is a function of m, L and

the Planck’s constant h.

3. (4%) What are the spin angular momentums of a photon and an electron (in
unit of h/27)7?

4. (6%) Explain briefly (a) fermion, (b) quark, and (c) Alpha particle.

5. (10%) Consider a particle of mass m moving in one dimension and the potential
energy 1s

V() = gha’.

The energy levels of this harmonic oscillator are given by
1
E,=(n+ §)hv

where n = 0,1,2,3, ... and .

v = g
is the classical frequency of oscillation. If we change the potential energy to
U(z) such that U(z) = V() for « > 0 but U(z) = oo for z < 0, what are the

energy levels? You should explain how you derive your result.

k/m

6. (10%) A photon 7 hits an electron at rest, producing an electron-positron pair:

y+e —et+e te.

Calculate the minimum energy of the incident photon. The electron mass is 0.5
MeV.
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7. (10%) The energy levels of the hydrogen atom are

where n = 1,2, 3... Calculate the wavelength of the photon emitted when the
electron jumps from n = 2 state to n = 1 state. You need ¢ (speed of light)
=3x10%m/s, h (Planck’s constant) = 6.6 x1073*J - s, 1 eV = 1.6 x107'9J.

Write your answer accurate to two significant figures.

o

(30%) Explain (a) Franck-Hertz experiment, (b) Pauli’s exclusion principle, (c)
Mossbauer effect, (d) Zeeman effect, (e) Meissner effect, and (f) radiocarbon

dating.

9. (10%) Write down the steady-state form of Schrédinger’s equation in one di-
mension for a particle with mass m and the potential energy is U(z). Find the

wave functions of this particle in a box where
U(z) =0 0<z<lL

and U(z) =00 for ¢ > L or ¢ <0.




