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1. (20%) The theory of blackbody radiation plays an essential role in the 
development of modern physics. Several theories were proposed to explain the 
experimentally measured energy distribution curve. Rayleigh-Jeans Law was 
developed based on the assumption of continuous distribution of classical 
oscillator energies and gives p(A) = 8rrkT / il4 . However, this expression only 
correctly describes the observed curve at large A. On the other hand, Planck' s Law 
was developed based on discretized oscillator energies and he reached a different 

formula, p(A) = s;:c Chc/;kT _i) . His formula accurately reproduces the 

observed curve in the whole range of A. A is wavelength, h is Planck constant, 
c is the speed of light, k is Boltzmann constant and T is temperature. Please 
answer the following questions: A. What is blackbody radiation? Please provide a 
concise description. B. Show that at the large A limit, Planck's Law agrees with 
Rayleigh-Jeans Law. 

2. (20%) In 1925, two physicists Clinton Davisson and Lester Germer observed a 
diffraction pattern formed by an electron beam scattered by the surface of a crystal 
of nickel metal. Answer the following questions: A. Explain why this discovery 
challenged the classical view of particles. B. Using the Louis de Broglie' s theory 
A = h/ p, explain why this phenomenon could only be observed at the microscopic, 
i.e. atomic or molecular, scales but not in our everyday life. 

3. (20%) In classical mechanics, the energy E of a particle of mass m making 

rotational motion on a 2D plane is E = L
2 

, where r is the radius of rotation, 
2mr 

J = pr is the angular momentum of the particle. Now, use de Broglie' s theory 
stated above (Question 2) and the cyclic boundary conditions to derive that, in 

quantum mechanics, A. the acceptable wavelengths of the particle is A = zm- , 
n 

n2h2 

where n = 0, 1, 2, ... and B. the permitted energies are En = zmrz· 

4. (22%) Electron microscopy (EM) uses an electron beam as a source of 
illumination. EM breaks the limitation of resolution in the conventional light 
microscopy and therefore makes a profound impact on research in biology. Answer 
the following questions: A. Explain why there is a resolution limitation in light 
microscopy. B. Explain why EM provides a much higher resolution? 
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5. (18%) The first image (see below) of a black hole was released on 10 April, 2019 
by the Event Horizon Telescope project, in which Taiwanese researchers actively 
participated in. The modem theory of black holes was developed by Karl 
Schwarzschild as a solution to Einstein's field equations in his theory of general 
relativity. Please answer the following questions: A. what are the key differences 
between Einstein's special and general theories of relativity B. What is a black 
hole. C. Why do we see a bright "ring" in the black hole image below? 

The image of a black hole in the 
M87 galaxy 


