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Physics 353:  Problem Set 6 – SOLUTIONS 

 
1.  The sun.   
 

 
b. 

 



c.  Using the given values for M, G, R:   

d.  From PS2, 
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insufficient to balance gP :  
2

15
4 1 1 10.g

GMP
R

=≈ ×  Pa. 

e.  For an ideal gas, idealgasP nτ= , so   idealgas
p

P
m
ρ τ=  (see part (a)) , independent of whether we consider 

protons or electrons.  Plugging in numbers: 158.3 10idealgasP = ×  Pa.  This should certainly be relevant for the 

protons, and we see that it is sufficient to balance the gravitational pressure.  For 0T =  fermions, the 

degeneracy pressure 
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ε ε= =  (see Problem 2, or the text).  For the electrons, plugging in 

numbers: 152.2 10FDP = ×  Pa.  The true pressure due to the electrons is therefore somewhere between 
152.2 10×  and 158.3 10×  Pa, in any case sufficient to balance the gravitational pressure. 

 
 
2.  Degeneracy Pressure.  
 

 



 
3  Degeneracy Pressure.  
a 

 
 

b We showed in class that 
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nε π= , where n  is the concentration of electrons.  

Copper has a density of 8000ρ =  kg/m3, with each atom having mass 64 pm m= × , where 

271.7 10pm −= × kg.  Each atom provides one electron, so n m
ρ= .  Writing also N nV= , we can express 

our relation for B  as ( )
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I’ve explicitly noted that the mass in the Fermi energy expression is the electron mass.  Plugging in numbers 

in SI units, 
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= =  Pa.  So the electron gas 

contributes about a third of the value of the bulk modulus of copper.  (The rest is from the crystal lattice.) 
 



 
4.  A white dwarf star. 
 

 
 

 



 
 



 
 
 
 
 
 
5.  )(U τ  for fermions.  The derivation closely follows that of μ  from the Sommerfeld expansion – see the 
handout.  Start with the relation for U  as an integral over the probability distribution: 
 0 ( ) ( )FDU D f dε ε ε ε∞

∫= . 
 
 Continued on the next page. 



 


