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1. (15%) Muons are elementary particles that are naturally produced by the collision 
of cosmic rays and molecules in the upper atmosphere several kilometers above 
the surface of the Earth. Muons are unstable and have a very short lifetime of only 
2.2 µs. Therefore, most of these particles could travel a distance of about 650m 
during their lifetime and should never reach the surface of the Earth. However, 
detectors on Earth can detect a large number of muons. Please explain why. 

2. (15%) In the late 19th early 20th centuries, classical physics was seriously 
challenged by several experiments, which led to the development of modern 
physics. Please describe at least two of such experiments and explain why classical 
physics failed and modern physics succeeded in interpreting the results of these 
experiments. 

3. (15%) Electron microscopy (EM) changes life science research by providing a 
resolution that is far beyond that of optical microscopy. Please briefly describe the 
principle of EM from the perspective of quantum physics and explain why EM 
can reach such a fine resolution. 

4. (20%) Given the one dimensional time-independent (stationary) Schrodinger's 
hz dz 

equationofaparticle, EIJl(x) = ----
2

IJl(x) + V(x)IJl(x),pleasesolveforthe 
2mdx 

wave function IJl(x) between x = 0 and x = d, i.e. inside the finite wall, in a 
system as depicted below. The particle has a mass m and an energy E < V0 , and 
is initially trapped in the well between x = -L and x = 0 with the boundary 
conditions of IJl(-L) = 0 and IJl(O) = IJl0 • 
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5. (15%) In an experiment, a student measured the amount of two radioactive 
nuclides A and B and found that A is twice more abundant than B. Three days later, 
the student found that A and B are equally abundant. If A has a half-life of 1 day, 
what is the half-life ofB? 

6. (20%) A material X is irradiated by neutrons so that radioactive atoms are 
produced continually. At the same time, the radioactive atoms decay based on the 
conventional radioactive decay law. Suppose that the radioactive atoms are 
produced at a constant rate Rand decay at the rate of AN, where N is the amount 
radioactive atoms. Show that N is given by 


