
CONCEPT: CALCULATING WORK IN HEAT ENGINES USING PV DIAGRAMS 
 
● Remember: Heat engines are cyclic processes. On PV diagrams, they always run in _______________ loops. 

● Remember: For heat engines, 𝑾 = 𝑸𝑯 – 𝑸𝑪 = 𝑸𝑰𝑵 – 𝑸𝑶𝑼𝑻. 

𝑸𝑯 = heat added INTO the system (from Hot Reservoir), i.e. the SUM of all [ + | – ] Qs over the cycle. 

𝑸𝑪 = heat removed OUT of the system (to Cold Reservoir), i.e. the SUM of all [ + | – ] Qs over the cycle. 
 
EXAMPLE: 2 mol of a monoatomic gas follows the cyclic process used in a heat engine. Heat is removed from the gas at 
constant pressure from A→B, added at constant volume from B→C, then the gas expands isothermally from C→A, doing 
2300J of work, and repeats. Calculate a) the heat transfer of each process; b) the total work done by the heat engine. 
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𝜟𝑬𝒊𝒏𝒕 𝑸 – 𝑾 𝜟𝑬𝒊𝒏𝒕 = 𝑸 𝟎 𝜟𝑬𝒊𝒏𝒕 = −𝑾 

𝑸 𝒏𝑪𝑷𝜟𝑻 𝒏𝑪𝑽𝜟𝑻 𝑸 = 𝑾 𝟎 

𝑾 𝑷𝜟𝑽 𝟎 𝒏𝑹𝑻 ⋅ 𝐥𝐧 (
𝑽𝒇

𝑽𝒊
)  

–𝒏𝑪𝑽𝜟𝑻 OR 

 
𝟏

𝜸−𝟏
(𝑷𝒊𝑽𝒊 – 𝑷𝒇𝑽𝒇 ) 

    
𝑷𝒊𝑽𝒊

  𝜸
 = 𝑷𝒇𝑽𝒇

  𝜸
 

𝑻𝒊𝑽𝒊
  𝜸−𝟏

 = 𝑻𝒇𝑽𝒇
  𝜸−𝟏

 

GAS TYPE 𝑪𝑽 𝑪𝑷 

Monoatomic 
3

2
𝑅  

5

2
𝑅  

Diatomic 
5

2
𝑅  

7

2
𝑅  

EQs & Constants 
𝜟𝑬𝒊𝒏𝒕,𝑶𝑭 = 𝑸𝑻𝑶 – 𝑾𝑩𝒀 

𝜟𝑬𝒊𝒏𝒕 = 0 

|𝑾| = |𝑸𝑯| – |𝑸𝑪| 

𝒆 = 
𝐨𝐮𝐭𝐩𝐮𝐭

𝐢𝐧𝐩𝐮𝐭
 = 

𝑾

𝑸𝑯
 = 𝟏 – 

𝑸𝑪

𝑸𝑯
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𝑸𝑪
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𝑸𝑯

𝑾
  

𝑹 = 8.314  
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PROBLEM: For the heat engine shown in the PV diagram below, calculate: a) the work done; b) the total heat transferred 
from the hot reservoir. 
 

  

HEAT ENGINES 

𝜟𝑬𝒊𝒏𝒕 = 0 

|𝑾| = |𝑸𝑯| − |𝑸𝑪| 

𝒆 = 
𝑾

𝑸𝑯
 = 𝟏 −

𝑸𝑪

𝑸𝑯
 

𝑸 = 𝒏𝑪𝑽𝜟𝑻              (Constant V) 

𝑸 = 𝒏𝑪𝑷𝜟𝑻              (Constant P) 

𝑾 = −𝒏𝑹𝑻 𝒍𝒏 (
𝑽𝒇

𝑽𝒊
) (Constant T) 

 

P (Pa) 

V (m3) 

A 

C 

B 

100 

0.60 

400  

0.45 

D 
𝑸 = –25 J 

𝑸 = –90 J 



PROBLEM: A heat engine follows the cycle shown below. What is the thermal efficiency (%) of this engine?  

A) 58.8% 

B) 99.9% 

C) 14.3% 

D) 12.5% 

 

 

HEAT ENGINES 

𝜟𝑬𝒊𝒏𝒕 = 0 

|𝑾| = |𝑸𝑯| − |𝑸𝑪| 

𝒆 = 
𝑾

𝑸𝑯
 = 𝟏 −

𝑸𝑪

𝑸𝑯
 

𝑸 = 𝒏𝑪𝑽𝜟𝑻              (Constant V) 

𝑸 = 𝒏𝑪𝑷𝜟𝑻              (Constant P) 

𝑾 = −𝒏𝑹𝑻 𝒍𝒏 (
𝑽𝒇

𝑽𝒊
) (Constant T) 

 

P (Pa) 

V (cm3) 

A 
C 

B 

1×105  

600 

3×105  

200 

𝑸 = –100 J 

𝑸 = –180 J 


