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dQ = dU + dW 
nCpdT = nCvdT + P.dV 
nCpdT = nCvdT + nRdT 
Cp = Cv + R 
Cp – Cv = R (Mayer’s Relation) 
Thus, Cp > Cv 

Degree of Freedom 
The total number of independent ways in which the particle of a system 
can take up energy. 
d.f. =3N – k  
Monoatomic : N = 1; k = 0 ; d.f. = 3 
Diatomic :  N = 2 ; k = 1 ; d.f. = 5 
Triatomic : N = 3 ; k = 3 ; d.f. = 6 (triangular) 
    N = 3 ; k = 2 ; d.f. = 7 (linear) 

Law of Equipartition of Energy 
Any dynamical system in thermal equilibrium, the energy is equally 
distributed among its various d.f’s and energy associated with each d.f. 
is ½ k .T 
Proof: K.E./molecule = ½ m c2 = ³/2 k.T 
½ m (cx2 +cy2 + cz2) = ³/2 k.T 
½m cx2 +½mcy2 + ½mcz2 = ³/2 k.T 
KEx/molecule + KEy/molecule + KEz/molecule = ³/2 k.T 
But, KEx = KEy = KEz (due to random motion) 
K.E.x / molecule + Key /molecule + KEz /molecule = ½ k .T  

Cp, Cv, γ for Mono, Di, Tri, Poly atomic 
Monoatomic: d.f.= 3 
Total Internal Energy per mole (U) = d.f. (KE/molecule) x NA 
       = 3 (½ k T) NA  
        = 3/2 RT 
Cv = dU/dT = 3/2 R  ;  Cp = Cv + R = 5/2 R ;   γ = Cp/Cv = 5/3 = 1.67 
 
Diatomic: d.f.= 5 
Total Internal Energy per mole (U) = d.f. (KE/molecule) x NA 
       = 5 (½ k T) NA  
        = 5/2 RT 
Cv = dU/dT = 5/2 R  ;  Cp = Cv + R = 7/2 R ;   γ = Cp/Cv = 7/5 = 1.4 
 
Triatomic: d.f.= 6 (triangular) 
Total Internal Energy per mole (U) = d.f. (KE/molecule) x NA 
       = 6 (½ k T) NA  
        = 3 RT 
Cv = dU/dT = 3R  ;  Cp = Cv + R = 4 R ;   γ = Cp/Cv = 4/3 = 1.33 
 
Triatomic: d.f.= 7 (Linear) 
Total Internal Energy per mole (U) = d.f. (KE/molecule) x NA 
       = 7 (½ k T) NA  
        = 7/2 RT 
Cv = dU/dT = 7/2 R  ;  Cp = Cv + R = 9/2 R ;   γ = Cp/Cv =9/7 = 1.28 
 
Polyatomic: d.f.= f 
Total Internal Energy per mole (U) = d.f. (KE/molecule) x NA 
       = f (½ k T) NA  
        = f/2 RT 
Cv = dU/dT = f/2 R  ;  Cp = Cv + R = (f/2+1) R ;   γ = Cp/Cv = 1+ 2/f  

Dalton’s Law of Partial Pressures 
The resultant pressure exerted by a mixture of gasses or vapours which 
do not interact in any way is equal to sum of their individual pressures. 
P = P1 + P2 + ...... 
P = 1/3 ρ1c12 + 1/3 ρ2 c22 + ....... 
 

REFER TEXBOOK FOR MAXWELL DISTRIBUTION, zeroth law, second law 
of Thermodynamics, heat engine, refrigerator  


