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  If the first equation is used (for instance, using a calculator without the 
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function), note  that the symbol “ e ” is the ideal efficiency ,  not the base of natural logarithms.      
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 an increase of 2%. If more figures are kept for the  efficiencies, the difference is 1.4%.      
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  c) From either Eq. (20.4) or Eq. (20.14),  e= 0.423=42.3%.      
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  The proposed engine would violate the second law of thermodynamics,  and is not likely to  find a market among the prudent.      
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 Note that this is the change  of entropy of the water as it changes to steam.  b)  The magnitude of the entropy change  is roughly five times the value found in Example 20.5.  Water is less ordered (more  random) than ice,  but water is far less random than steam; a consideration of the density  changes indicates why this should be so.        
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            c)  The results are the sa me order or magnitude, all around 
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 .The entropy  change is a measure of the increase in randomness when a certain number (one mole)  goes from the liquid to the vapor state. The entropy per particle for any substance in a  vapor state i s expected to be roughly the same, and since the randomness is much higher  in the vapor state (see Exercise 20.30), the entropy change per molecule is roughly the  same for these substances.      
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 EMBED Word.Document.8 \s [image: image33.emf]20.34:    a) On the average, each half of the box will contain half of each type of  molecule, 250 of nitrogen and 50 of oxygen.  b ) See Example 20.11. The total change in  entropy is         
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 EMBED Word.Document.8 \s [image: image34.emf]20.35:    a) No; the velocity distribution is a function of the mass of the particles, the  number of particles and the temperature, none of which change during the isothermal  expansion. b) As in Example 20.11, 
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             b) See above; 
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   b) The values of  Q  for the processes are the negatives of each  other.   c) The net work for one cycle is 
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 This is  the same as the efficiency of a Carnot - cycle engine operating between the two  temperatures.      
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  The first term in the product is necessarily less than the original efficiency sin ce 
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  and the second term is less than 1, and so the overall efficiency has been reduced.    
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          c) Wind speeds tend to be higher in mountain passes.      
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about 8% of the maximum  power.      
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    c) The calculations are presented symbolically, with numerical values substituted at the  end. At point  a , the pressure is 
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  where  f  is a dimensionless constant equal to 1.871 to four figures. The temperature at  c  is  then 

 

f r T T f T T

γ

a a b c

   



1

 

. The pressure is found from the volume and  tempera ture, 

 

f r r p p

γ

a c

 



1

. Similarly, the temperature at point  d  is found by  considering the temperature change in going from  d  to  a , 

). ) 1 ( 1 (   so   ,   ) 1 ( ) 1 ( H C f e T T T f e

nC

Q

e

nC

Q

a d a

V V

      

The process from  d  to  a  is  isochoric, so 

.  that  note   check,   a   As   ). ) 1 ( 1 (     and   ,

γ

c d a d a d

r p p f e p p V V



    

To  summarize,    

   

) ) 1 ( 1 (              1 1    

) (              ) (    

                              

            

                

1 1

1

f e T V f e p d

f r T r V f r r p c

r T r V r p b

T V p a

T V p

a a a

γ

a a

γ

a

γ

a a

γ

a

a a a

   

 

 



    Using numerical values (and keeping all figures in the intermediate calculations),    



 EMBED Word.Document.8 \s [image: image53.emf]20.54:  (a) 

 water and   furnace for     

L

T

A k

t

Q

 



    

 

s K J   0494 . 0        

K   313

1

K   523

1

  K   210

cm   100

m   1

cm   15

m 65 . 0

) K m  W 5 . 79 (

       

1 1

       

       

2

2

w f

w f

water furnace

  













 

















































 











 

















T T L

T kA

T

L T kA

T

L T kA

t

S

t

S

t

S

    (b) 

0

 

S

means that this process is irreversible. Heat will not flow spontaneously from  the cool water into the hot furnace.      
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    b)   The 1.00 kg of water (the high - temperature reservoir) goes from 373 K to  273 K.    
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    c)   2.00 kg of water goes from 323 K to 273 K  
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         d)  More work can be extracted from 1.00 kg of water at 373 K than from 2.00 kg of  water at 323 K even though the energy that comes out of the wat er as it cools to 273 K is  the same in both cases. The energy in the 323 K water is less available for conversion  into mechanical work.      
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  (Some precision is lost in taking the logarithms of numbers close to unity.)      
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  From the derivation of Eq. (20.6), 
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 and so the argument of the  logarithm in the expression for the net entropy change  is 1 identically, and the net entropy  change is zero.  c) The system is not isolated, and a zero change of entropy for an  irreversible system is certainly possible.      
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 d) As explained in problem 20.49, the s ubstance that  mediates the heat exchange during the isochoric expansion and compression does not  leave the system, and the diagram is the same as in part (a). As found in that problem, the  ideal efficiency is the same as for a Carnot - cycle engine.      
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  c)   From the time equilbrium has been reached, there is no heat exchange between the  rod and its surroundings (as much heat leaves the end of the rod in the ice as enters at  the end of the rod in the b oiling water), so the entropy change of the copper rod is  zero.  d) 
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  c) The sum of the result of  parts (a) and (b) is 
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 d) Heating a liquid is not reversible. Whatever the  energy  source for the heating element, heat is being delivered at a higher temperature  than that of the water, and the entropy loss of the source will be less in magnitude than  the entropy gain of the water. The net entropy change is positive.      
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    Combining the above results,   
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