
Equations of Physics 224 – Thermal Physics 
 
You should know or be able to derive without guidance the highlighted equations. 
 
Ideal gas:    Internal energy     U(p,V,N,T…) = function of state 
1st Law:  Δ  :   Q and W are not functions of state, but path dependent 
Compressibility   Equipartition 1 d.o.f.         so:   

For compression,     Adiabatic:  ΔQ = 0    For ideal gas: pVγ = const     1  

           For ideal gas:      cp = cv + R = γcv 

                   For reaction with p and T unchanged, Δ  

Fourier:   (in 1D,   )      Cons. of energy:  .   (in 1D    ) 

Heat equation:   (in 1D  )     Relaxation time       Ideal gas:  

Probability distribution for scattering:         Mean free path 
√

 

Fick:      .   (or )   Diffusion equation          L = system size 

Two-state paramagnet: Δ     Multiplicity  Ω !
! !

    Probability Ω  

Einstein solid:     ∑      Ω 1 !
! !

    for 1 

[Width of peak in Ω(q)] / [range of possible values of q] 1/√      Systems A and B in contact: Ω Ω Ω  
2nd Law: Entropy never decreases.     All microstates equally probably in equilibrium.  ln Ω ln Ω  
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Free expansion of ideal gas: Δ ln      
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Quasistatic process:               3rd Law: Heat capacities vanish as T→0.    

Heat engine:    Δ 0          efficiency 1 1     

Refrigerator:       Δ 0             COP 1 1  

Throttling: Δ 0, cools if 0              
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Spontaneous process at constant p, T:    Δ 0     ie   Δ 0 
Maxwell relations:                   
 

In phase equilibrium      Clausius Clapeyron:   
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Boltzmann:       Partition function ∑       Continuous case: /  

ln    1/        ln  


