PH 235 Section 17.7.

Eth is the thermal energy, and for a gas it depends only on the temperature of the gas.

If we heat n moles of a gas at constant volume, no work is done ( ( pdV = 0 ). We will refer to Cv as the molar heat capacity at constant volume.  Then

(1)
( Eth = Q + 0 = n Cv (T
{ n moles heated at constant volume }

We could have the same temperature change by going at constant pressure. Then the heat added would be n Cp (T, where Cp is the molar specific heat at constant pressure. And then we would have

(2)
( Eth = Q + ( p dV = n Cp (T -  ( p dV .

{ constant pressure path }

If  (T is the same in both, then we have the same ( Eth in both. This means W will be negative, (the system is doing work on its surroundings )

To show Cp = Cv + R, we use the fact that ( Eth = n Cv (T.  We take a constant-pressure path, where p is constant so that - ( p dV = - p (V.   From the perfect gas law     pV = nRT

(3)
p (V + V (p = n R (T .

(4)
( Eth = n Cv (T  = n Cp (T +  ( p dV = n Cp (T -  p (V = n Cp (T -  nR (T .

And from (4) we get



Cp + Cv + R.

To show pV( is constant along an adiabat, we use  Q = 0 in the first law, and get


( Eth = Q + W = 0 - ( p dV .


We'll go to differentials and say  

(5)
dEth = n Cv dT  = 0 - p dV,  

From the perfect gas law we have  

(6)
p dV + V dp = n R dT

In (6) , we substitute Cp - Cv for R, and use (5) to substitute dT = - p dV /(n Cv). This gives

(7)
pdV + V dp = n (Cp-Cv) { - p dV/(nCv) } .  Using (  = Cp/Cv ,   (7) becomes

(8)
pdV + Vdp = -( ( - 1 ) pdV .  Rearranged  we get   ( p dV + Vdp = 0. 


Dividing by pV and integrating this gives  ( ln V + ln p = C1,  or    pV( = C2  .

