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1. An electron 15 confined to a one-dimensional box with side L. (a) Calculate the
energy of the electron. (b) If the ground state energy of the electron is equal to kT at
300K, what is the value of L?

The value of Baltzmann constant is k=1.38x10" J/K. The value of Planck constant
is h= 6.626x 107 ]-s. (15%)

2(a) Find the de Broglic wavelength of a 46-gram golf ball with a velocity of 30 m/s.
{b) Find the de Broglie wavelength of an electron with a velocity of 107 mys.
{c) What does the magnitude of these two wavelengths tell you? {15%)

3. Consider a particle of mass m moving in the following one-dimensional staircase
potential
Vix)=0, for x<-d,
=V for -d=x<0,
= o for x 20
where Vo> 0and d = 0.
a} Solve for the wave function of the particle with energy E > V. Normalization of
wave function is not required. {8%)
b) Solve for the wave function of the particle with energy E < V,. Normalization of
wave function is not required. (8%)

4. Consider a particle of mass m moving in the following semi-infinite potential
barrier
Vix)=0 forx <0
=V, for x =0,
where Vy > 0. Suppose the particle has an incident wave component = exp{ikx),
where k > 0, and an energy E = fik)*/2m < V.
a) Solve for the wave function inside the bamer. (6%)
b) Calculate the probability current (that is, tunneling current) inside the barrier. (8%)
¢} How decp does the particle tunnel into the barrier before its probability decays by a
factor ¢! relative to the probability at x = 07 (5%)
i _F
5. The wavefunction of the ground state of a hydrogen atom is "4;';-‘; te. )=(n) 4fif =
1,1.:
where a, = HE‘ 15 the Bohr radius. (1) Show that the probability of finding
the electron anywhere in the spherical shell of radius r and differential thickness dr is
Peridr= % rt E. 1. dr (i1} Show that the most probable distance of the
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electron from the nucleus in the ground state of hydrogen is the Bohr radius a., (1i1)
Show that the average distance of the electron from the nucleus in the ground state of

hydrogen is 3/2a, [ Hint: j. e Fgpanl 1 (15%)

6. In the year of 1921, Stem and Gerlach used a heam of silver atom to pass through a
non-uniform magnetic field and obtained the important results that demonstrated
space quantization and furthermore, existing of electron spin. Describe in details, the
Stern-Gerlach experiment set up, results and implications if a beam of hydrogen atom
was used in stead of silver atom. (20%4)
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