
Physics 244: Modern Physics 
Homework 8 

Due in Class Friday, November 16, 2007 
 
Reading:  Thornton & Rex Chapter 10.3 and 10.4 (Properties of solids:  structural, 
thermal and magnetic) and attached 4 pages (from Tipler and Llewellyn, “Modern 
Physics”) on calculating transition rates. Weather forecast:  high probability of a reading 
quiz on weds. 
 
Problems:   
 

1. Thornton & Rex problem 10.18 
 

2. A particular atom has two energy levels with a transition wavelength of 420 nm.  
At 297 K there are 2.5 x 1021 atoms in the lower state.  (a) How many atoms are 
in the upper state?  (b) Suppose that 1.8 x 1018 of the atoms in the lower state are 
pumped to the upper state.  How much energy could this system release in a 
single laser pulse? 

 
3. Compare the relative probabilities of spontaneous and stimulated emission in a 

system in thermal equilibrium at room temperature for transitions that occur in the 
(a) visible and (b) microwave regions of the spectrum. 

 
4. In class we discussed that the rate at which transitions occur between two 

quantum states “1” and “2” is proportional to the transition matrix elements 
<V>12, where V is the potential energy related to the interaction force that causes 
the transition (i.e. the force of an electric field from a photon that causes an 
atomic transition).  Read the attached 4 pages on this subject and do problem 2 at 
the end of the reading. 

 
5. Compute the Fermi energy for Magnesium in three cases:  (a) long thing wire; (b) 

thin film; (c) the bulk metal (i.e. in 1 – D, 2 - D and 3 –D cases).  In the 3-D case, 
compare your result with Table 9-4 in Thornton & Rex. 

 
6. Using Table 9-3 in T&R, compute the Fermi energy and the Fermi velocity for 

Au and Sn and compare with the measured values in Table 9-4.  The resistivities 
of these materials at 300 K are 2.04 µΩ-cm and 10.6 µΩ-cm respectively.  
Compute the mean free paths, λ, for the conduction electrons in these materials. 

 
Extra inspiration from Einstein for those depressed by the exam results: 
 
“One had to cram all this stuff into one's mind for the examinations, 
whether one liked it or not. This coercion had such a deterring 
effect on me that, after I had passed the final examination, I found 



the consideration of any scientific problems distasteful to me for an 
entire year.”  A. Einstein, about his university education. 
 
“Anyone who has never made a mistake has never tried anything 
new.”  
 
“There are two ways to live your life - one is as though nothing is a 
miracle, the other is as though everything is a miracle.”   
 




