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 which is the area in the  p -   V   plane enclosed by the loop. b) For the process in reverse, the pressures are the same, but  the volume changes are all the negatives  of those found in part (a), so the total work is  negative of the work found in part (a).      
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. Q W Q U

   

Because heat flows into the system, 

Q

is positive, so the internal  energy of the system increases.      



 EMBED Word.Document.8 \s [image: image12.emf]19.13:  a) 

J 10 15 . 1 ) m Pa)(-0.50 10 30 . 2 (

5 3 5

     

V p

.   (b 

J 10 55 . 2 J) 10 15 . 1 ( J 10 40 . 1

5 5 5

           

W U Q

 (heat flows out of the gas).  c) No; the first law of thermodynamics is valid for any system.      
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 EMBED Word.Document.8 \s [image: image15.emf]19.16:  a) The container is said to be well - insulated, so there is no heat transfer. b) Stirring  requires work. The stirring needs to be irregular so that the stirring mechanism moves  against the water, not with the water.  c) The work mentioned in part (b)  is work done  on   the system, so 
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 EMBED Word.Document.8 \s [image: image16.emf]19.17:  The work done is positive from  a  to  b  and negative from  b  to  a ; the net work is the  area enclosed and is positive around the clockwise path. For the closed path 
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 EMBED Word.Document.8 \s [image: image17.emf]19.18:  a),  b) The clockwise loop (I) encloses a larger area in the  p - V  plane than the  counterclockwise loop (II). Clockwise loops represent positive work and  counterclockwise loops negative work, so 
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  Heat flows into the system for loop I and out of the system for loop II.      
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and since  th e final temperature is higher than the initial temperature, the gas is heated (see the note  in Section 19.8 regarding “heating” and “cooling.”)      
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  Q  is negative, so heat flows out of the gas.      
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    (c) More heat is tran sfered in  abc  than in  ac  because more work is done in  abc.      
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 is path  independent and so it is the same for path  abc  and path  adc .  The work done by the system is the area  under  the path in the  pV - plane and is  not  the  same for the two paths. Indeed, it is larger for path  abc.   Since 
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is the same and  W  is  different,  Q  must be different for the two paths. The heat f low  Q  is path dependent.      
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           Heat comes  out  of the gas since  Q  < 0.      
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    with the negative sign indicating a decrease in volume.      
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 EMBED Word.Document.8 \s [image: image56.emf]19.57:   a) As the air moves to lower altitude its density increases; under an adiabatic  compression, the temperature rises. If the wind is fast - moving,  Q  is not as likely to be  signigicant, and modeling the process as adiabatic (no heat loss to the surround ings) is  more accurate.   b)  See Problems 19.59 and 19.56: The temperature at the higher  pressure is 
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 EMBED Word.Document.8 \s [image: image58.emf]19.59:    a) From constant cross - section area, the volume is proportional to the length, and  Eq. (19.24) becomes 
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    where an extra figure was kept for the temperature difference.      



 EMBED Word.Document.8 \s [image: image59.emf]19.60:    a)         b)  The final temperature is the same as the initial temperature, and the density is  proportional to the absolute pressure. The mass needed to fill the cylinder is then    
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    The increase in power is proportional to the  increase in pressure; the percentage increases  is 
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 c) The temperature of the compressed air is not the same as the original  temperature; the density is proportional to the pressure, and for the process,  and modeled  as abiabatic, the  volumes are related to the pressure by Eq. (19.24), and the mass of air  needed to fill the cylinder is     
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 EMBED Word.Document.8 \s [image: image60.emf]19.61:  a) For as isothermal process for an ideal gas, 
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 EMBED Word.Document.8 \s [image: image61.emf]19.62:   a)                  b) The isobaric process doubles the temperature to 710 K, and this must be the  temperature of the isothermal process. c) After the isothermal process, the oxygen is at its  original volume but twice the original temperature, so the p ressure is twice the original  pressure, 

Pa. 10 80 . 4

5


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 EMBED Word.Document.8 \s [image: image62.emf]19.63:  a) During the expansion, the Kelvin temperature doubles and 
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  b) The  final cooling is isochoric; 
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  c)  for the isothermal compression, 
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 EMBED Word.Document.8 \s [image: image63.emf]19.64:  a)                  b)   At constant pressure, halving the volume halves the Kelvin temperature, and the  temperature at the beginning of the adiabatic expansion is 
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 c) The minimum pressure occurs at the end of the  adiabatic expansion. During the heating the volume is held constant, so the minimum  pressure is proportional to the Kelvin temper ature, 
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    b) From Eq. (19.24), using the expression for the temperature found in Problem  19.64,    
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 for an adiabatic process, and 
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Using th e temperature change as found  in Problem 19.64 and part (b), 
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                      d)         The most work done is in the isobaric process, as the pressure is maintained at its  original value. The leas t work is done in the abiabatic process.  e) The isobaric process  involves the most work and the largest temperature increase, and so requires the most  heat. Adiabatic processes involve no heat transfer, and so the magnitude is zero.  f) The  isobaric proce ss doubles the Kelvin temperature, and so has the largest change in internal  energy. The isothermal process necessarily involves no change in internal energy.      



 EMBED Word.Document.8 \s [image: image66.emf]19.67:     a)                 b) No heat is supplied during the adiabatic expansion; during the isobaric expansion,  the heat added is 
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  e) During the isobaric  expansion, the volume doubles. During the adiabatic expansion, the temperature  decreases by a factor of two, and from 
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 EMBED Word.Document.8 \s [image: image67.emf]19.68:     a) The difference between the pressure, multiplied by the area of the piston,  must be the weight of the piston. The pressure in the trapped gas is 
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  Th is form shows that for positive  h , the net force is down; the trapped gas is at a lower  pressure than the equilibrium pressure, and so the net force tends to restore the piston to  equilibrium. c) The angular frequency of small oscillations would be    
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    If the displacements are not small, the motion is not simple harmonic. This can be seen be  considering what happens if  y  ~   h ; the gas is compressed to a very small volume, and  the force due to the pressure of the gas would become unboun dedly large for a finite  displacement, which is not characteristic of simple harmonic motion. If  y  >>  h  (but not so  large that the piston leaves the cylinder), the force due to the pressure of the gas becomes  small, and the restoring force due to the atmos phere and the weight would tend toward a  constant, and this is not characteristic of simple harmonic motion.      



 EMBED Word.Document.8 \s [image: image68.emf]19.69:    a)  Solving for  p  as a function of  V  and  T  and integrating with respect to  V,    
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as expected.  b) Using the expression found in part  (a),             
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           c)   300 J to two  figures, larger for the ideal gas. For this case, the difference due to  nonzero  a  is more than that due to nonzero  b . The presence of a nonzero  a  indicates that  the molecules are attracted to each other and so do not do as much work in the expansion.  


