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A lot of useful physical constants are shown as below:

Speed of light in vacuum c=3.00x 10® ms~!
Planck constant h=663x10"H1]s
Planck constant divided by 27 h=1055x10"¥1]s

- Electronic charge (absolute value) q, = 1602 x 10-¢C
Fine structure constant a =g/ (dmeghc) = ¢ /(he) = 1/137
Electron mass m, =911 %1073 kg =0.511 MeV ¢
Proton mass my = 1.67 x 107 kg =938 MeV ¢?
Bohr magneton tg = g fi/(2m) =579 x 10-5cv T
Nuclear magneton My = g/ (2my) =3.15x 10 eV T
Bohr radius dg = B /(me?) =0.529x 10"¥m
Rydbery constant R, =m,'/(20%) = [3.61 eV
Boltzinann constant kg =1.38x 10733 K~
Electron volt and temperature 1eV=1.602x 107" J = kg x 11600 K
Gravitational constant G =6.67x 107" Nm® kg™

1. (5%) Describe “Compton scattering”. Tell whether it illustrates the wave or particle nature of light and
why.

2. (5%) A laser can produce a light pulse that is 5cm long. What is the minimum dispersion (error in
wavelength) of such a pulse if the laser operates at 330nm (a nitrogen laser)?

3. (5%) When light of wavelength A, is incident on the cathode of a photoelectric tube, the maximum kinetic
energy of the emitted electrons is 1.8eV. If the wavelength is reduced to A1/2, the rhaximum kinetic
energy of the emitted electrons is 5.5eV. Find the work function ¢ of the cathode material.

4. (20%) The wave function for a particle in a certain potential is given by l//(x) = { O;_ 4 x <0 p
Axe™;, ifx20

where a isgiven.

(a) Write the equation that you would use to evaluate the constant A. (b) Write the equation that you

would use to evaluate the average position of this particle assuming A is known. (c) Write the equation

that you would use to evaluate the average of the square of the momentum for this particle again

assuming A is known. (d) Sketch approximately the potential that could give such a wave function. Show

approximately the level of the total energy on that potential.

CREERELIE S )




=t ) BRI AE 102 BB IHHAAFHEE # D EH H2H
RETAER  SLERIBE TSR
ERRIE AR EHEM 024 BR L

K EBATHEER  ARET AR ER

(15%) An electron is captured in a potential of the form: V=00 for x<0 and x2>a,V=0for

O<x<a/2 andV=Vofor a/2<x <a.Draw the potential, the wave function for the ground state where

E<Vy, and the second excited state where E>V,.
6. (10%) When sitting in front of a color TV with a 25 kV picture tube potential, you have an excellent chance
of being irradiated with X-rays. (a) What process produces most of the X-ray flux? (b) For the resulting

continuous distribution, calculate the shortest wavelength X-ray.

7. (15%) (a) Please briefly illustrate “What is the free electron Fermi gas?” (b) Show that the kinetic energy of
3
a three-dimensional gas of N free electrons at 0Kis U, = -S—NEF. The Fermienergy &, is defined as the

energy of the topmost filled level in the ground state of the N electron system.

8. (10%) There are two different diagrams of energy band gap are shown as below.
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Conduction Conduction
bund edge band edge
Valence band edge Valenra hand edge

Please compare what is difference between them, and illustrate what physical conditions are required
when transitions occurring in detail.

9. (15%) According to quantum mechanics, electromagnetic radiation of frequency v can be regarded as
consisting of photons of energy hv. (a) What is the energy range of visible photons (400 nm to 700 nm)?
(b) At a given power of an electromagnetic wave, do you expect a classical wave description to work

better for radio frequencies, or X-rays? Why?




