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1. i) Reversible process: 0=universeSΔ .  ( ) ( ) ( ) .2/0 2121 TTTTTCTTC ffVfV +=⇒=−+−  
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 ii) F.T.R.: VPTCVPUST V ddddd +=+= . For an ideal gas: PnRTV /=  and nRCC PV −= . 

  Thus, ( ) ( ) ( )1212 lnlnd/d)d(d PPnRTTCSPPnRTTnRTnRCST PP −=⇒−+−= Δ . 

 
2.   See course notes. Isotropy implies ( ) ( )xx upup =− .  

  See course notes. Note, that the number of states with the speed from u to uu d+  is uu d2π . 
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   Boltzmann factor: ( )εβ−exp . Density of states in 2D does not depend on energy. 

 

3. i) See course notes. In case of non-degenerate levels: ∑ ⎟
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4.  See course notes.Use ∑
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 and the geometrical series summation rule. The 

factor "3" appears because the solid is three-dimensional.  
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  For Eθ>>T , B3NkCV ≈ − classical result.  

 
5. i) See course notes.  

  ii) Microscopic: ZTkF lnB−= ; macroscopic:
TV
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