
Homework 4 
Due: Friday, March 4, 2020 
 
1. In class, we derived fluid equations by taking moments of the Vlasov equation 
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(a) Derive the heat flux equation by taking the second moment of the Vlasov equation (lots of 
algebra!) 
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Where  

𝑉" = ∫ (𝑑&𝑣)𝑣"𝑓 
𝑃"# = 𝑚∫ (𝑑&𝑣)𝑣'"𝑣'#𝑓 
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(b) For adiabatic processes there is no heat flux, so (
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𝑄"#! = 0. For this case, take the “trace” 

of the heat flux equation, i.e. let 𝑖 = 𝑗 and assume that the pressure is isotropic, i.e. the same in 
all directions,  
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(c) Use the resulting equations to derive the adiabatic equations of states for N=1, 2, 3 
dimensions.  
 
 
2. The entropy of the gas is defined as 𝑆 = −𝑘∫ (𝑑&𝑥)(𝑑&𝑣)(ln 𝑓)	𝑓 where 𝑘 is the 
Boltzmann’s constant. If 𝑓 satisfies the Vlasov equation, then what is 𝑑𝑆/𝑑𝑡? Is this result 
expected? 


