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Learning Activities and Learner Interactions 

 
 

Two power cycles each receive the same amount of heat energy, 𝑄𝑖𝑛 = 500 MJ, and discharge heat energy 𝑄𝑜𝑢𝑡 into the 
same lake. If one cycle A has a thermal efficiency of 40% and the other B has an efficiency of 35%. Calculate the values of 
𝑄𝑜𝑢𝑡 for both cycles.  which one discharges a greater amount of 𝑄𝑜𝑢𝑡? What are the potential environmental implications of 
the differences in the heat discharged by these cycles. 
 
 
 
𝑊𝑐𝑦𝑐𝑙𝑒  =  𝑄𝑖𝑛 – 𝑄𝑜𝑢𝑡        (power cycle)  

 

𝜼 =  
𝑾𝒄𝒚𝒄𝒍𝒆

𝑸𝒊𝒏
          (power cycle)   

 
𝑊𝑐𝑦𝑐𝑙𝑒 =  𝜂 𝑄𝑖𝑛  =  𝑄𝑖𝑛 – 𝑄𝑜𝑢𝑡 

 
𝑄𝑖𝑛 − 𝜂 𝑄𝑖𝑛  =  𝑄𝑜𝑢𝑡 
 
𝑄𝑜𝑢𝑡 = (1 − 𝜂)𝑄𝑖𝑛 
 
Caso A: 𝑄𝑜𝑢𝑡 = (1 − 0.4)500 𝑀𝐽 = 300 𝑀𝐽 
 
Caso B: 𝑄𝑜𝑢𝑡 = (1 − 0.35)500 𝑀𝐽 = 325 𝑀𝐽 
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Activity II 
 
 

100 moles of an ideal gas monoatomic undergoes a thermodynamic cycle consisting of three processes: 
 

Process 1–2: compression with 𝑝𝑉 =  𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡, from 𝑝1  =  1.5 𝑏𝑎𝑟, 𝑉1  =  2.0 𝑚3 to 𝑉2  =  0.5 𝑚3, ∆𝑈21  =  0 

Process 2–3: constant volume to 𝑉3  =  𝑉2  
Process 3–1: constant pressure 
 
There are no significant changes in kinetic or potential energy. Define the type process in each step. Determine the heat 
transfer, work and internal energy for each step and for the total cycle. Is this a power cycle or a refrigeration cycle? 
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Process 1–2: compression 
 
𝑝𝑉 =  𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 

𝑝1  =  1.5 𝑏𝑎𝑟 

𝑉1  =  2.0 𝑚3 

𝑉2  =  0.5 𝑚3 

𝑈2 −  𝑈1  =  0 
 
Isothermal Process for ideal gas → ∆𝑈21  =  0 
 
 

𝑊12 =  ∫ 𝑝𝑑𝑉
𝑉2

𝑉1

= ∫
𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡

𝑉

𝑉2

𝑉1

𝑑𝑉 = (𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡)𝑙𝑛 (
𝑉2

𝑉1
) 

 
 
𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 = 𝑝1𝑉1 
 

𝑊12 = (1.5 𝑏𝑎𝑟)(2.0 𝑚3) (
105 𝑁/𝑚2

1 𝑏𝑎𝑟
)  𝑙𝑛 (

0.5

2.0
) (

1 𝑘𝐽

103 𝑁𝑚
) =  −415.9 𝑘𝐽 

 
 
∆𝑈21  =  𝑄12 +  𝑊12  =  0   →   𝑄12 = −𝑊12 = +415.9 𝑘𝐽 
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Process 2–3: constant volume  
 

𝑉3  =  𝑉2 =  0.5 𝑚3  

𝑝1  =  𝑝3 = 1.5 𝑏𝑎𝑟 

𝑉1  =  2.0 𝑚3 
 
Isochoric Process for ideal gas → ∆𝑉 =  0 
 

𝑊23 =  ∫ 𝑝𝑑𝑉
𝑉3

𝑉2

= 0 

 
𝑝1𝑉1 = 𝑛𝑅𝑇1 
 
𝑝1𝑉1

𝑛𝑅
= 𝑇1 = 𝑇2 

 

𝑇2 =
(1.5 𝑏𝑎𝑟)(2.0 𝑚3)

(100 𝑚𝑜𝑙)(8.314 𝐽/(𝑚𝑜𝑙 𝐾)
(

105 𝑁/𝑚2

1 𝑏𝑎𝑟
) (

1 𝐽

1𝑁𝑚
) = 360.8 𝐾 

 

𝑇3 =
𝑝3𝑉3

𝑛𝑅
=

(1.5 𝑏𝑎𝑟)(0.5 𝑚3)

(100 𝑚𝑜𝑙)(8.314 𝐽/(𝑚𝑜𝑙 𝐾)
(

105 𝑁/𝑚2

1 𝑏𝑎𝑟
) (

1 𝐽

1𝑁𝑚
) =  90.2 𝐾 

 

∆𝑈32 =  ∫ 𝐶𝑣𝑑𝑇
𝑇3

𝑇2

= 𝐶𝑣(𝑇3 − 𝑇2) =
3

2
𝑛𝑅∆𝑇 =

3

2
(100 𝑚𝑜𝑙) (8.314

𝐽

(𝑚𝑜𝑙 𝐾)
) (90.2 − 360.8)𝐾 = −337.5 𝑘𝐽 

 
∆𝑈32  =  𝑄23 +  𝑊23   →   𝑄23 = ∆𝑈32 = −337.5 𝑘𝐽 
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Process 3–1: constant pressure,  
 
𝑈1 −  𝑈3  =  −2500 𝑘𝐽 

𝑉3  =  𝑉2 =  0.5 𝑚3  

𝑝1  = 𝑝3 =  1.5 𝑏𝑎𝑟 

𝑉1  =  2.0 𝑚3 

𝑇1 = 𝑇2 = 360.8 𝐾 

𝑇3 = 90.2 𝐾 
 
Isobaric Process for ideal gas → ∆𝑝 =  0 
 

𝑊31 =  ∫ 𝑝𝑑𝑉
𝑉1

𝑉3

= 𝑝(𝑉1 − 𝑉3) 

 

𝑊31 = (1.5 𝑏𝑎𝑟)((2.0 − 0.5) 𝑚3) (
105 𝑁/𝑚2

1 𝑏𝑎𝑟
) (

1 𝑘𝐽

103 𝑁𝑚
) =  +225 𝑘𝐽 

 

∆𝑈13 =  ∫ 𝐶𝑣𝑑𝑇
𝑇1

𝑇3

= 𝐶𝑣(𝑇1 − 𝑇3) =
3

2
𝑛𝑅∆𝑇 =

3

2
(100 𝑚𝑜𝑙) (8.314

𝐽

(𝑚𝑜𝑙 𝐾)
) (360.8 − 90.2)𝐾 = +337.5 𝑘𝐽 

 
 
∆𝑈13  =  𝑄31 +  𝑊31  =  +337.5 𝑘𝐽  
 
 
𝑄31 = ∆𝑈13  − 𝑊31 = 337.5 𝑘𝐽 − (225 𝑘𝐽) = +112.5 𝑘𝐽 
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W, Q for the cycle 
 
𝑊𝑐𝑦𝑐𝑙𝑒 = 𝑊12 + 𝑊23 + 𝑊31 

 
𝑊𝑐𝑦𝑐𝑙𝑒 = −415.9 𝑘𝐽 + 0 + 225 𝑘𝐽 = −190.9 𝑘𝐽 

 
𝑄𝑐𝑦𝑐𝑙𝑒 = 𝑄12 + 𝑄23 + 𝑄31 

 
𝑄𝑐𝑦𝑐𝑙𝑒 = +415.9 𝑘𝐽 − 337.5 𝑘𝐽 + 112.5 𝑘𝐽 = 190.9 𝑘𝐽 

 
∆𝑈𝐶𝑦𝑙𝑐𝑒  = ∆𝑈21 + ∆𝑈32 + ∆𝑈13  = 0 − 337.5 𝑘𝐽 + 337.5 𝑘𝐽 = 0 

 
 

𝑊𝑐𝑦𝑐𝑙𝑒 = Qout −  Qin   (refrigeration and heat pump 

cycles)  
𝑊 <  0 or 𝑄 >  0 if energy is transferred to the system  

𝑊 >  0 or 𝑄 <  0 if energy is lost from the system 

 
Since 𝑊𝑐𝑦𝑐𝑙𝑒  is negative, 𝑄𝑜𝑢𝑡 is smaller than 𝑄𝑖𝑛, 

refrigeration efficiency: 
 

𝛽 =
𝑄𝑖𝑛

𝑊𝑐𝑦𝑐𝑙𝑒
=

112.5 𝑘𝐽

190.9 𝑘𝐽
= 0.59 

 


