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___________ 

“Science owes more to the steam engine than the steam engine owes to science.” — Lawrence Joseph 

Henderson (Attributed) 
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The following is not necessary, but let’s note that from first law of thermodynamics: 

𝑑𝑈 = 𝛿𝑄 + 𝑑𝑊 

If we have an adiabatic process 𝛿𝑄 = 0 and  

𝑑𝑈 = 𝑑𝑊 = −𝑃𝑑𝑉 

For an ideal gas, 𝑑𝑈 = 𝐶𝑉𝑑𝑇 and 𝑃𝑉 = 𝑛𝑅𝑇. Thus, 
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Hence,  
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during A and C. Also, 𝛾 = 1 +
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 (see b). 

b) For an isobaric process the work done is: 

𝑊 = − ∫ 𝑃𝑑𝑉
𝑉2

𝑉1

=  −𝑃 Δ𝑉  

For an ideal gas: 

𝑈 =  
1

2
𝑓𝑛𝑅 𝑇 = 𝐶𝑉𝑇 

 

Δ𝑈𝐵 = 𝑄𝐵 − 𝑊𝐵 

𝐶𝑉   Δ𝑇𝐵 = 𝑄𝐵 − 𝑃2(𝑉3 − 𝑉2) 

𝐶𝑉  Δ𝑇𝐵 = 𝑄𝐵 − 𝑛𝑅 Δ𝑇𝐵 

→  𝑄𝐵 = (𝐶𝑉 + 𝑛𝑅) Δ𝑇𝐵 

𝑄𝐵 = 𝐶𝑃  Δ𝑇𝐵 

Similarly: 

𝑄𝐷 = 𝐶𝑃  Δ𝑇𝐷 

Therefore, 
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c)  In a cycle the system returns to the same state so:  

Δ𝑈 = 0 



Since A and C are adiabatic, all the heat change comes from steps B and D. 

Δ𝑈 = −𝑄𝑜𝑢𝑡 + 𝑄𝑖𝑛 − 𝑊 

→ 𝑊 = 𝑄𝑖𝑛 − 𝑄𝑜𝑢𝑡 

Therefore, the efficiency is: 
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Now, for an ideal gas: 

𝑃𝑉 = 𝑛𝑅𝑇 

During an adiabatic process: 

𝑃𝑉𝛾 = 𝑐𝑜𝑛𝑠𝑡. = 𝐶         (𝐺𝑖𝑣𝑒𝑛) 

Then, 
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and: 
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Since 𝑃2 = 𝑃3 and 𝑃1 = 𝑃4: 
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Insert Eq. (3) into (1): 
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