Statements of the Second Law of Thermodynamics

Clausius Statement: Application:  Refrigerators and Heat Pumps
It is impossible for any system to operate in such a way that the sole result would be an energy transfer by heat from a cooler to a hotter body.  




 Kelvin-Plank Statement  -  Application: Heat Engines

It is impossible for any system to operate in a thermodynamic cycle and deliver a net amount of work to its surroundings while receiving energy by heat transfer from a single thermal reservoir.  







 




The Clausius and the Kelvin-Plank statements are equivalent.

The equivalence is demonstrated by showing that the violation of one statement implies the violation of the other.

Second Law Corollaries

It is impossible to construct an engine, operating between two given thermal reservoirs, that is more efficient than a reversible engine operating between the same two reservoirs. 



Proof:

1)  Let any heat engine I and a reversible engine R operate between the high and low temperature reservoirs TH and TL.  

2)  Assume the statement above is false, i.e. assume 
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3)  Operate the engines such that   

    QIH = QRH = QH    

4)  By definition:  
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5)  Reverse the reversible engine:
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6)  Since   WI  (  WR,  take part of WI and supply WR.  
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7)  Use QHR to supply QHI,  note that QHI = QHR = QH
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8)  Take the two engines as a single system.  
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9)  Note that now we now have a single engine (system) which exchanges heat with a single reservoir TL and produces net work WI - WR.  This is a direct violation of the second law of thermodynamics.
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10)  CONCLUSION: It is impossible to construct an engine that operates between two given reservoirs and is more efficient than a reversible engine operating between the same two reservoirs, i.e.




(I  (  (R
All reversible engines operating between the same temperature limits have the same efficiency.

Proof:

1)  Take two reversible engines R1 and R2
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2)  Follow proof as above.  Assume   (R1  (  (R2 

3)  Reverse reversible engine R2 and let QH2 = QH1 = QH

4)  This will lead to the conclusion that  (R1  (  (R2
5)  Next assume  (R2  (  (R1
6)  Reverse reversible engine R1 and let QH1 = QH2 = QH

7)  This will lead to the conclusion that  (R2  (  (R1
8)  There is a contradiction unless  (R1  =  (R2
NOTE:  In the above no restrictions were placed upon the type of engine or system to be used or upon the details of the operation, hence the results are completely general.  
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