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(1) (25 points)

(a) (5 points) Write down the values (in SI units) of (i) the speed of light, (ii) Planck constant,
(iii) the mass of electron, (iv) the mass of proton, and (v) fine structure constant.

(b) (5 points) What is/are the assumption(s) of Einstein’s special relativity? Write down the
relation between the mass, momentum and energy of a particle in special relativity.

(c) (5 points) Describe an experiment showing the wave nature of electrons, and describe an
experiment showing the particle nature of light.

(d) (5 points) What are the difference between bosons and fermions? Give two examples of
bosons and two examples of fermions.

(e) (5 points) What is the meaning of degenerate states? Describe Stark and Zeeman effects.

(2} (25 points)
(a) (5 points) How many quantum number does the wavefunction of g hydrogen atom has? What
are their ranges?
The radial part of the wavefunction of the 1s-state, 2s-state and 2p-state of an hydrogen atom
are given by Ris(r) = Ajsexp(—r/a,), Ras(r) = A2(20 7/a,)exp(0 7/2a,) and Rypy(r) =
Agprexp(l r/2a,), respectively. :
(b) (10 points) What is the value of @, in SI units? Find the normalization constants Aig, Ags
and Agy,.
(¢) (10 points) Find the maxima of the radial probability density of the 1s-state, 2s-state and
2p-state. Sketch the three densities. —

-(3) (25 points) ‘ ﬁ.

o
(a) (5 points) Write down the energy levels E,, and eigenfunctions Yn(z) of a particle in,a%ne—

dimensional box (0 < z < ).
(b) (15 points) Calculate the uncertainty in position Az (= 1/{(z - (2))2)) and the ujq
c

ty
in momentum Ap (= /{(p — (p})?)) of the eigenfunctions in (a). Then verify the unice t
A7

principle AzAp > h/4.
(¢) (5 points) If the particle’s initial state is ¥(z,0) = sinz cos 3z, what is its state U &
later time £? ‘

(4) (25 points) .
(a) (5 points) Describe the Stern-Gerlach experiment and discuss its significance.
The spin of an electron in the direction A = sinfcosgé, + sinfsing é, + cosaé;, can be
represented by S = (sin 6 cos ¢ o, + sinfsin ¢ oy +cosfo,)h/2, where
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are the Pauli matrices.
(b) (5 points) Compute the commutators [oz, 0y}, loy, 02), 05, 04).
(c) (10 points) Find the eigenvalues and eigenvectors of Sa. Thus write down the eigenvalues
and eigenvectors of o, Oy O3
(d) (5 points) Suppose the electron is spin up in the direction é;, find the probability of measuring
spin up and spin down in the direction A.




