
 

 

Physics 558: Introduction to Solid State Physics 
Spring 2013 

Instructor: Tony Dinsmore 
 

Homework Assignment #7 
Due in class on Thursday, March 28, 2013 
 
Please note that your topic statements are also due at this time. 
 
0) Read Ch. 12 of Sidebottom 
  
1) Sidebottom Exercise 12.2: Kinetic energy of an electron gas.   
 
2) The pressure and bulk modulus (stiffness) of an electron gas.  

(a) Sidebottom Exercise 12.3: The pressure of an electron gas, using the result of problem 1.  
Hint: in a thermodynamics class, you probably learned how to find pressure from the 
energy. 
 

(b) The bulk modulus of a material (B) tells you how stiff it is under isotropic compression.  
(Water has a large bulk modulus, air has a very low bulk modulus.)  The pressure increase 
P associated with a volume change V is: P = B (V/V).  Hence, we have a definition: 
B = V(dP/dV).   
Show that the for an electron gas at T = 0 K,  B = 10U/(9V). 
 

(c) For potassium, estimate the value of B using the above formula and the data provided in 
Sidebottom’s Table 12.1.   

From experiment, it turns out that potassium has B = 3.2 × 109 Pa. Compare this measured 
value to your prediction.  Comment on the success of this model. 

 
 

3) Sidebottom, Exercise 12.4: Fermi energy of liquid 3He.  (The concept of Fermi energy applies 
not just to electrons, but to any system of fermions.)   

 Please provide formulas for your answers and numerical values, with units. 
 
4) Fermi wavenumbers, wavelengths, and other length scales.   

(a) For the case of Au, find the Fermi wavevector, kF.   From this, find the associated 
wavelength, F.   
 
(b) Compare F to the lattice constant, a, for gold in its FCC phase (which you can find in a 
table).   
 
(c) Can kF ever be larger than 2/a for any metal?  Why or why not? 

 
(d) Compare both of these lengths to the mean distance between valence electrons, which you 
should obtain from the electron density, ne  (which is given in Table 12.1).   
 
(e) What are the limits on the value of k for an electron in a metal (in the Fermi gas model)?  
Note that I am asking about any k, not just kF. 
 
 


