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1.

(10%) The ratio of the focal length of a camera lens to the size of the aperture diameter is called the f-
number (also known as f-number or focal ratio). It is known that the light energy passing through the lens
per unit of time is directly proportional to the area of the aperture. The focal length of the lens of a digital
camera lens is fixed at 50 mm. When the f-number is set to 2, the correct exposure time for the best photo

is é.- second. If the f-number is set to 6, how many seconds should the exposure time be?
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(30%) (a) Explain the meaning of “Brewster's angle 65" (10%), (b) following the previous question, solve
0p of the two substances with refractive indices of 1 and 1.33 (10%), and (c) draw the Brewster's angle
light trace diagram to illustrate the polarization state of reflected and refracted light. (10%)

(10%) How many photons per second are emitted from a 100 W yellow lightbulb (average wavelength, A
=550 nm) if 5.0% of the applied energy is emitted as light?
() 1.38*108, (b) 13.8*10%, (c) 0.59%10%%, (d) 5.9*10'® photons s™.

(30%) Free electron model for a metal:
(a) What are the assumptions and successes of the electron model? (5%)

(b) Derive Fermi energy Ep = h?/2m* 3/ 871)2/ 3 when n is the electron density. (5%)

(c) Why is an electron the energy Er at T=0K ? What is the physical meaning? (5%)

(d) Derive the electron distribution function f(E). (5%)

(e) Why do electrons follow the Fermi-Dirac distribution? (5%)

(f) What is the difference in assumption between Fermi-Dirac distribution and Maxwell-Boltzmann
distribution? (5%)
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5. (20%) Please briefly explain the content of the following nouns:
(a) Hund’s rules (5%), (b) selection rules (5%), (c) de Broglic wavelength (5%), (d) Stark effect (5%)




