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1. Suppose we want to “see” the electron orbit of a hydrogen atom (as proposed by
Bohr) with photon of sufficient small wavelength, A =0.1 A

(2) What is the energy of such photon? (5%)
(b) In a Compton head-on collision, how much energy will such a photon be
transferred to an electron? (5%)

(¢} How does this gained energy compared to the ionization energy (13.6 eV) of

the hydrogen atom? Does the ideal of “secing”™ electron orbit make sense in
this way? (5%)

(Use h = 4 x 107 Vs, m, = 9 x 107 kg =5 x 10° eV/c®, ¢ = 3 x 10° m/s
Aﬂ:j—(l—cﬂsﬂ))
me
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2. The total energy of a harmonic oscillator can be expressed as F = P + kx2+

2m 2

In classical physics, the minimum energy of a harmonic oscillator is £ = 0. But
things are different in quantum world due to the uncertainty principle.

(a) By using uncertainty relation, write down the expression for the estimated
total energy in terms of displacement x only. {(5%)

(b) By minimizing the total energy with respect to x°, find the value of x*. (5%)

]
(¢} Calculate the minimized energy Ey in part (b) and show FE_ .. = Ehf

where f =21 \/? * (5%)
Ty m

3. Please describe a “thought” experiment where photons show the so-called
wave-particle duality. (15%)

4. Consider a finite potential well
V{x)=0, -L<x <L
V(%) =V, x| > L
Draw qualitatively three wave functions with the energies E,, E;, and Es,
respectively. These energies satisfy the following properties
1) By < Vo and E; is the ground state, (8%)
i1) E; > Vg (5%)
tii) B3 >> E; > Vo(7%)
Note that the drawing must clearly show the wave function both inside and outside
the well, and the qualitative difference between the three cases.
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3. Two copper conducting wires are separated by an insulating oxide layer (CuO).
Under certamn circumstances at room temperature, there is still current flowing,
This phenomenon could be caused by (a) superconducting effect in CuO (b)
spin-orbit interaction of the conducting electrons in CuO (c¢) Compton effect in
CuO (d) electron tunneling in CuQ (e) dielectric breakdown in CuO (f) none of
the above. (5%)

6. For hydrogen atom at ground state, magnitude of the total angular momentum of
the orbiting electron is (a) 0 if the spin is neglected (b) /72 1 because orbital
quantum number £ =1 (c) £1 because of the uncertainty principle (d) J 3 /24 {e)
1/27 {t) none of the above. 1t is the Planck constant (5%)

7. Bohr radius is (a) the radius of ground state electron orbit in Bohr’s model (b) the
position of the maximum radial probability distribution of the ground state
electron in hydrogen atom (¢) the averaged distance from the nucieus of the
ground state electron in hydrogen atom (d) radius of the electron in hydrogen
atom when the quantum number is equal to 1 in Boht’s model (e) the radius of the
electron orbit for the case when quantum number is very large in Bohr’s model (f)
none of the above. (5%)

8. The first experiment for discovering electron spin was performed by
Stern-Gerlach on silver atom, In the Stern-Gerlach type of experiment on
hydrogen atom (a) the ground state hydrogen beam will split into three after it
passes the magnet (b) if we neglect the spin effect, we should expect even number
of beam pass through (c¢) a nonuniform magnetic field is required for the
experiment (d) the outcome has the same origin as the anomalous Zeeman effect
(¢) we can find that the electron has intrinsic angular momentum with quantum
number £1 (f) none of the above. {5%) |

9. Fermi-Dirac distribution function is valid for (a) system of free electrons (b)
systems of half integral spin particles (c) electrons in periodic potential (d)
electrons in insulator (e) electrons in conductor (f) none of the above. (5%)

10. Heisenberg’s uncertainty principle tells us that (a) experimental errors from
mstruments on position and momentum measurement are inevitable( R ggs }b)
1t is impossible to precisely measure the position and momentum of a particle at
different time (c) it is possible to precisely measure the position and momentum of
a particle simultaneously (d) the position and momentum of a particle can be
measured precisely and simultaneously under certain circumstances (e) if you
measure the position of a particle then you can not measure the momentum of the
same particle (f) none of the above. (5%)
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I'1. The tunneling probability for a particle is (a) approximately one when the particle
mass is very large (b) approximately one when the particle energy is very small {c)
independent of the barrier width (d) independent of the barrier height ()
independent of the particle mass and energy (f) none of the above. (5%)




