
























 
step general case ideal gas 

1 ΔU = qh  + W1 0 = qh  -RThln(VB/VA)
2 ΔU = W2 ∫CVdT = W2  

CVdT/T= -RdV/V 
CVln(Tc/Th) = 
 -Rln(VC/VB) 

3 ΔU = qc  + W3 0 = qc   -RTcln(VD/VC)
4 ΔU = W4 ∫CVdT = W4  

CVdT/T= -RdV/V 
CVln(Th/Tc) =  
-Rln(VA/VD) 

W4 = 
cycle Wcy = 

W1 +W2+W3+W4 
Wcy =- RThln(VB/VA) 

+∫Tc
ThCVdT 

 -RTcln(VD/VC) 
+∫Th

TcCVdT 
= - R(Th-Tc) ln(VB/VA)

from steps 2 and 4: ln(VC/VB) = -ln(VA/VD) or 
VB/VA = VC/VD  
 



Wcy  = - R(Th-Tc) ln(VB/VA ) depends on the 
temperatures of the two reservoirs and on the ratio 
(VB/VA ) (the compression ratio) for an ideal gas as 
the working substance in a reversible cycle. 
Efficiency, ε ≡ - Wcy/qh        for any engine based  
        = (qh + qc) /qh         on 2 temperature 
                  reservoirs 
     
                    = R(Th -Tc) ln(VB/VA)          for any 
     RTh ln(VB/VA)         reversible 
    = (Th -Tc)/Th = 1- (Tc /Th)       cycle 
 
For reversible cycle 
ε  = (qh,rev + qc,rev) /qh,rev  
    = 1+(qc,rev /qh,rev) = 1 - (Tc /Th) 
Therefore,  
(qc,rev /qh,rev) + (Tc /Th) = 0, or 
(qc,rev /Tc) + (qh,rev /Th) = 0 
 
Here is something which when summed up for 
the cycle is zero, i.e., a state function! 
 ⌠ dqrev /T = 0 
 ⌡ 
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