
Carnot Cycle Quiz Solution 

 

 

1. Solution 

P1 = 100 kPa, T1 = 25 °C,     

V1 = 0.01 m
3
,  

The process 12 is an 

isothermal process. 

T1 = T2 = 25 °C 

V1 = 0.002 m
3 

𝑷𝟐𝑽𝟐

𝑻𝟐
=

𝑷𝟏𝑽𝟏

𝑻𝟏
 

𝑷𝟐 =  
 𝑷𝟏𝑽𝟏 

𝑽𝟐
=

 𝟏𝟎𝟎 × 𝟎. 𝟎𝟏 

𝟎. 𝟎𝟎𝟐
 

= 𝟓𝟎𝟎 𝒌𝑷𝒂 

The process 23 is a polytropic process. 

T3= T4 (Isotherm) 

T2= T1 (Isotherm) 

Pvk= 

constant 

Pvk= 

constant 



V1 = 0.001 m
3 

𝑷𝟑𝑽𝟑
𝒏 = 𝑷𝟐𝑽𝟐

𝒏 (𝒏 = 𝒌) 

𝑷𝟑 =  𝑷𝟐  
 𝑽𝟐 

𝑽𝟑
 
𝒌

=  𝟓𝟎𝟎 ∗  
𝟎. 𝟎𝟎𝟐

𝟎. 𝟎𝟎𝟏
 
𝟏.𝟒

= 𝟏𝟑𝟏𝟗 𝒌𝑷𝒂 

Answer: B 

 

 

2. Solution 

𝑷𝟐𝑽𝟐

𝑻𝟐
=

𝑷𝟑𝑽𝟑

𝑻𝟑
  

𝑻𝟑 =  
𝑷𝟑

𝑷𝟐
   

𝑽𝟑

𝑽𝟐
  𝑻𝟐 =

𝟐𝟗𝟖. 𝟏𝟓 × 𝟏𝟑𝟏𝟗 × 𝟎. 𝟎𝟎𝟏

𝟓𝟎𝟎 × 𝟎. 𝟎𝟎𝟐
 

𝑻𝟑 = 𝟑𝟗𝟑. 𝟐𝟓 𝑲 

Answer: A 

  



 

 

3. Solution 

During the isothermal expansion process, 

𝑷𝟑𝑽𝟑

𝑻𝟑
=

𝑷𝟒𝑽𝟒

𝑻𝟒
 ;  𝑷𝟒 = 𝟐𝟔𝟑. 𝟖 𝒌𝑷𝒂 

𝑽𝟒 =  
 𝑷𝟑𝑽𝟑 

𝑷𝟒
=

 𝟏𝟑𝟏𝟗 × 𝟎. 𝟎𝟎𝟏 

𝟐𝟔𝟑. 𝟖
=  𝟎. 𝟎𝟎𝟓 𝐦𝟑 

Answer: D 

 

 

 

 

 



 

4. Solution 

𝑾𝟐𝟏 =  𝑷𝒅𝑽

𝑽𝟐

𝑽𝟏

 

During the process 12, 

𝑷𝑽 = 𝑷𝟏𝑽𝟏 = 𝟏𝟎𝟎 × 𝟎. 𝟎𝟏𝐦𝟑 = 𝟏 

𝑾𝟐𝟏 =  
𝒅𝑽

𝑽

𝑽𝟐

𝑽𝟏

= 𝒍𝒏
𝑽𝟐

𝑽𝟏
 

𝑾𝟐𝟏 = 𝒍𝒏
𝟎. 𝟎𝟎𝟐

𝟎. 𝟎𝟏
=  −𝟏. 𝟔𝟎𝟗 𝒌𝑱 

Magnitude of work =  𝑾𝟐𝟏   = 𝟏. 𝟔𝟎𝟗 𝒌𝑱 

Answer: A 

 

 



 

5. Solution 

For the polytropic compression process (PV
k
= constant), 

𝑾𝟑𝟐 =  𝑷𝒅𝑽

𝑽𝟑

𝑽𝟐

=  
𝑷𝟑𝑽𝟑 − 𝑷𝟐𝑽𝟐

𝟏 − 𝒌
 

𝑾𝟑𝟐 =  
𝟏𝟑𝟏𝟗 × 𝟎. 𝟎𝟎𝟏 − 𝟓𝟎𝟎 × 𝟎. 𝟎𝟎𝟐

𝟏 − 𝟏. 𝟒
 

= −𝟎. 𝟕𝟗𝟕 𝒌𝑱 

Magnitude of work =  𝑾𝟑𝟐   = 𝟎. 𝟕𝟗𝟕 𝒌𝑱 

Answer: C 

  



 

6. Solution 

𝑾𝟒𝟑 =  𝑷𝒅𝑽

𝑽𝟒

𝑽𝟑

 

During the isothermal process 34, 

𝑷𝑽 = 𝑪 = 𝑷𝟑𝑽𝟑 = 𝟏𝟑𝟏𝟗 × 𝟎. 𝟎𝟎𝟏 = 𝟏. 𝟑𝟏𝟗 

𝑾𝟒𝟑 =  
𝟏. 𝟑𝟏𝟗

𝑽
𝒅𝑽

𝑽𝟒

𝑽𝟑

= 𝟏. 𝟑𝟏𝟗 𝒍𝒏
𝑽𝟒

𝑽𝟑
 

𝑾𝟒𝟑 = 𝟏. 𝟑𝟏𝟗 𝒍𝒏
𝟎. 𝟎𝟎𝟓

𝟎. 𝟎𝟎𝟏
=  𝟐.𝟏𝟐 𝒌𝑱 

Answer: B 

  



 

7. Solution 

𝑾𝟏𝟒 =  𝑷𝒅𝑽

𝑽𝟏

𝑽𝟒

 

For the polytropic process PV
k 

= C, 

𝑾𝟏𝟒 =  
𝑷𝟏𝑽𝟏 − 𝑷𝟒𝑽𝟒

𝟏 − 𝒌
 

𝑷𝟒 = 𝟐𝟔𝟑. 𝟖 𝒌𝑷𝒂 

𝑽𝟒 = 𝟎. 𝟎𝟎𝟓𝐦𝟑 

𝑾𝟏𝟒 =  
𝟏𝟎𝟎 × 𝟎. 𝟎𝟏 − 𝟎. 𝟎𝟎𝟓 × 𝟐𝟔𝟑. 𝟖

𝟏 − 𝟏. 𝟒
 

= 𝟎. 𝟕𝟗𝟕 𝒌𝑱 

Answer: D 

  



 

8. Solution 

𝑾𝒏𝒆𝒕 = 𝑾𝟒𝟑 + 𝑾𝟏𝟒 −  𝑾𝟐𝟏  −  𝑾𝟑𝟐   

𝑾𝒏𝒆𝒕 = 𝟐. 𝟏𝟐 + 𝟎. 𝟕𝟗𝟕 − 𝟏. 𝟔𝟎𝟗 − 𝟎. 𝟕𝟗𝟕 

𝑾𝒏𝒆𝒕 = 𝟎. 𝟓𝟏𝟏 𝒌𝑱 

Answer: B 

  



 

9. Solution 

Heat input (Process 3→4) 

First law: System 

𝑸𝟒 = 𝑼𝟒 − 𝑼𝟑 + 𝑾𝟒𝟑  𝟑  

= 𝒎𝑪𝒗𝟎(𝑻𝟒 − 𝑻𝟑) + 𝑾𝟒𝟑  

Since  𝑻𝟒 = 𝑻𝟑,  

𝑸𝟒 = 𝑾𝟒𝟑  𝟑 = 𝟐. 𝟏𝟐 𝒌𝑱 

Answer: A 

  



 

10. Solution 

Polytropic expansion process 41, 

𝑸𝟏 = 𝑼𝟒 − 𝑼𝟏 + 𝑾𝟏𝟒  𝟒  

= 𝒎𝑪𝒗𝟎(𝑻𝟏 − 𝑻𝟒) + 𝑾𝟏𝟒  

 𝑻𝟏 = 𝟐𝟗𝟖. 𝟏𝟓 𝑲; 𝑻𝟒 = 𝑻𝟑 = 𝟑𝟗𝟑. 𝟏𝟓 𝑲 

𝒎 =
𝑷𝟏𝑽𝟏

𝑹𝑻𝟏
=

𝟏𝟎𝟎 × 𝟎. 𝟎𝟏

𝟎. 𝟐𝟖𝟕 × 𝟐𝟗𝟖. 𝟏𝟓
= 𝟎. 𝟎𝟏𝟏𝟔𝟖𝟔 𝒌𝒈 

𝑾𝟏𝟒 = 𝟎. 𝟕𝟗𝟕 𝒌𝑱 

𝑸𝟏 = 𝟎. 𝟎𝟏𝟏𝟔𝟖𝟔 × 𝟎. 𝟕𝟏𝟕(𝟐𝟗𝟖.𝟏𝟓 − 𝟑𝟗𝟑. 𝟏𝟓) + 𝟎. 𝟕𝟗𝟕 𝟒  

𝑸𝟏 = −𝟎. 𝟕𝟗𝟔 + 𝟎. 𝟕𝟗𝟕 = 𝟎. 𝟎𝟎𝟏 𝒌𝑱 𝟒  

Answer: A 

  



 

11. Solution 

Process 34 (Polytropic Compression) 

𝑸𝟑 = 𝑼𝟑 − 𝑼𝟐 + 𝑾𝟑𝟐  𝟐  

𝑸𝟑𝟐 = 𝒎𝑪𝒗𝟎(𝑻𝟑 − 𝑻𝟐) + 𝑾𝟑𝟐  

𝑾𝟑𝟐 =  −𝟎. 𝟕𝟗𝟕 𝒌𝑱  

𝑸𝟑𝟐 = 𝟎. 𝟎𝟏𝟏𝟔𝟖 × 𝟎. 𝟕𝟏𝟕 𝟑𝟗𝟑.𝟐𝟓 − 𝟐𝟗𝟖. 𝟏𝟓 − 𝟎. 𝟕𝟗𝟕 

𝑸𝟑𝟐 = 𝟎. 𝟕𝟗𝟔 − 𝟎. 𝟕𝟗𝟕 = −𝟎. 𝟎𝟎𝟏 𝒌𝑱  

Answer: D 

  



 

12. Solution 

𝒏𝒕𝒉 =
𝑾𝒏𝒆𝒕

𝑸𝑯
=

𝟎. 𝟓𝟏𝟏

𝟐. 𝟏𝟐
= 𝟎. 𝟐𝟒 (𝟐𝟒%) 

Also try 

𝒏𝒕𝒉 = 𝟏 −
𝑻𝑳

𝑻𝑯
 (𝒇𝒐𝒓 𝑪𝒂𝒓𝒏𝒐𝒕 𝑪𝒚𝒄𝒍𝒆) 

𝒏𝒕𝒉 = 𝟏 −
𝟐𝟗𝟖.𝟏𝟓

𝟑𝟗𝟑.𝟏𝟓
= 𝟏 − 𝟎. 𝟕𝟓𝟖 

= 𝟎. 𝟐𝟒𝟏 (𝟐𝟒%) 

Answer: B 

  



 

13. Solution 

𝒎𝒆𝒑 =
𝑾𝒏𝒆𝒕

 𝑽𝟏 − 𝑽𝟑 
=

𝟎. 𝟓𝟏𝟏

 𝟎. 𝟎𝟏 − 𝟎. 𝟎𝟎𝟏 
 

= 𝟓𝟔. 𝟕𝟕 𝒌𝑷𝒂 

Answer: A 

 

 


