



 EMBED Word.Document.8 \s [image: image1.emf]18.2:    a)  The final temperature is four times the initial Kelvin temperature, or 4(314.15  K)  – 273.15=
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 EMBED Word.Document.8 \s [image: image2.emf]18.3:    For constant temperature, Eq. (18.6) becomes    
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 EMBED Word.Document.8 \s [image: image3.emf]18.4:    a) Decreasing the pressure by a factor of one - third decreases the Kelvin  temperature by a factor of one - third, so the new Celsius temperatures is 1/3(293.15 K)  –   273.15=
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rounded to the nearest degree.    b) The net effect of the  two changes is  to keep the pressure the same while decreasing the Kelvin temperature by a factor of one - third, resulting in a decrease in volume by a factor of one - third, to 1.00 L.      
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  b) Lungs cannot withstand such a volume  change;  breathing is a good idea.      
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          b) This is a very small temperature increase and the thermal expansion of the tank  may be neglected; in this case, neglecting the expansion means not including expansion  in finding the highest safe temperature,  and including the expansion would tend to relax  safe standards.      
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 EMBED Word.Document.8 \s [image: image19.emf]18.20:  Repeating the calculation of Example 18.4 (and using the same numerical values  for  R  and the temperature gives)
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 This is much lower, by a factor of a thousand, than the pressures  considered in Exercise 18.24.    b) Variations in  pressure of this size are not likely to  affect the motion of a starship.      
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             c) This is comparable to the size of a water molecule.      



 EMBED Word.Document.8 \s [image: image29.emf]18.30:      a) From Eq. (18.16), the average kinetic energy depends only on the  temperature, not on the mass of individual molecules, so the average kinetic energy is the  same for the molecules of each element. b) Equation (18.19) also shows that the rms  sp eed is proportional to the inverse square root of the mass, and so    
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 EMBED Word.Document.8 \s [image: image30.emf]18.31:      a) At the same temperature, the average speeds will be different for the different  isotopes; a stream of such isotopes would tend to separate into two groups.  
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 EMBED Word.Document.8 \s [image: image31.emf]18.32:      (Many calculators have statistics functions that are preprogrammed for such  calculations as part of a statistics application. The results presented here were done on  such a calculator.)          a)   With the multiplicity of each score denoted b y 
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 (Extra significant  figures are warranted because the sums are known to higher precision.)      
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 EMBED Word.Document.8 \s [image: image33.emf]18.34:      Box  A  has higher pressure than  B . This could be due to higher temperature  and/or higher particle density in  A . Since we know nothing more about these gases, none  of the choices is  necessarily  true, although each of them  could  be true.      
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             e) The average force is the change in momentum of the atom, divided by the time  between collisions. The magnitude of the momentum change is twice the result of part (d)  (assuming an elastic collision), and the tim e between collisions is twice the length of a  side of the cube, divided by the speed. Numerically,    

N. 10 24 . 1

m) (0.100

J) 10 21 . 6 ( 2 s 2 s

s 2

s 2

19

21 2

ave





 



   

L

K

L

mv

v L

mv

F

             

Pa. 10 24 . 1                      f)

17 2

ave ave



  

L F p

             

   

molecules.   10 15 . 8 Pa   10 24 . 1 Pa   10 013 . 1                  g)

21 17 5

ave

    



P P

             

A A

                 h) N

RT

pV

N n N

 

    

   

  

.

22

10 45 . 2

mol molecules  

23

10 023 . 6

K   300 K /mol atm L   08206 . 0

L   00 . 1   atm   00 . 1

 































 



                                         i)    The result of part (g) was obtained by assuming that all of the molecules move  in the same direction, and that there was a force on only two of the sides of the cube.    
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 EMBED Word.Document.8 \s [image: image38.emf]18.39:      The rms speeds will be the same if the Kelvin temperature is proportional to the  molecular mass; 
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 b) If the particle is  in thermal equilibrium with its surroundings, its motion will depend only on the  surrounding temperature, not the mass of the individual particles.      
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, b) vibrations do  contribute to the heat capacity.      
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 EMBED Word.Document.8 \s [image: image42.emf]18.43:   

    kJ.   56 . 1 K   0 . 30 K mol J   79 . 20 mol   50 . 2   (18.26),   Eq.    Using a)

   Q

      b) From Eq. (18.25), 

5

3

of the result of part (a), 936 J.      



 EMBED Word.Document.8 \s [image: image43.emf]18.44:      a)    

K, J/kg    741

kg/mol   10 28.0

K J/mol     76 . 20

3 -

 



  

M

C

c

V

    which is 

177 . 0

4190

741



 times the specific heat capacity of water.            b)   

. or     ,  

N

w w

N w w w N N N

C

C m

m T C m T C m

   

 Inserting the given data and the result  from part (a) gives 

   

p

nRT

V nRT pV m or    ,   use    volume, and   find   To   kg.   65 . 5

N

 

   

 

  

L.   4855

atm   1

K   293 K atm/mol L   08206 . 0 kg/mol   028 . 0 / kg   65 . 5



 

     



 EMBED Word.Document.8 \s [image: image44.emf]18.45:      From Table (18.2), the speed is (1.60) v  s, and so  
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 EMBED Word.Document.8 \s [image: image49.emf]18.50:     a) The pressure must be above the triple point, 
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 For pressures  below 
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 but above 
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 the phase transition is the most commonly observed sequence,  solid to liquid to vapor, or ice to water to steam.      
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 EMBED Word.Document.8 \s [image: image55.emf]18.56:       a) The height 
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 EMBED Word.Document.8 \s [image: image56.emf]18.57:   The change in the height of the column of mercury is due to the pressure of the  air. The mass of the air is            
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 EMBED Word.Document.8 \s [image: image59.emf]18.60:    (Neglect the thermal expansion of the flask.)   a)    

  ) (

1 2 1 2

T T p p

 

Pa. 10 8.00 380) 300 Pa)( 10 013 . 1 (

4 5

  

           b)                    

M

RT

V p

nM m

















 

2

2

tot

                                          

g. 1.45 mol) g 1 . 30 (

) K K)(300 mol J (8.3145

L) Pa)(1.50 10 00 . 8 (

4

























       



 EMBED Word.Document.8 \s [image: image60.emf]18.61:       a) The absolute pressure of the gas in a cylinder is 
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 EMBED Word.Document.8 \s [image: image61.emf]18.62:    If the original height is  h  and the piston descends a distance  y , the final pressure  of the air will be 
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 EMBED Word.Document.8 \s [image: image62.emf]18.63:     a)  The tank is given as being “large,” so the speed of the water at the top of the  surface in the tank may be neglected. The efflux speed is then obtained from   
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If the breathing rate is not increased, one would experience “shortness  of breath.”      
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 EMBED Word.Document.8 \s [image: image65.emf]18.66:    The volume of gas per molecule (see Problem 18.28) is 
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    “Noticeable deviations” is a subjectiv e term, but  f  on the order of unity gives a pressure  of 
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Deviations from ideality are likely to be seen at values of  f  substantially lower  than this.      



 EMBED Word.Document.8 \s [image: image66.emf]18.67:    a) Dividing both sides of Eq. (18.7) by the product  RTV  gives the result.    b) The  algorithm described is best implemented on a programmable calculator or computer; for a  calculator, the numerical procedure is an interation of    
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The vander Waal s density is larger. The term corresponding to  a   represents the attraction of the molecules, and hence more molecules will be in a given  volume for a given pressure.      
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    c) It is possible, but not at  all likely for a molecule to rise to that altitude. This altitude is much larger than the mean  free path.        



 EMBED Word.Document.8 \s [image: image68.emf]18.69:    a), b) (See figure.) The solid curve is 

), (r U

 in units of 

,

0

U

 and with 

.

0

R r x

   The dashed curve is 

) (r F

 in units of 

.

0 0

R U

 Note that 

.

2 1

r r



         c)   When 

. 2 or    , 2 , 0

6 1

0 1

6

1

0

12

1

0

R r

r

R

r

R

U







































 Setting 

0



F

 in Eq. (18.26)  gives 

  and  

0 2

R r



 

, ) ( ) (   d)     . 2

0 0 2

6 1

2

1 U R U r U

r

r

   



 so the work required is 

.

0

U

       



 EMBED Word.Document.8 \s [image: image69.emf]18.70:     a)  

   J. 758 m 10 00 . 5 Pa 10 01 . 1

3 3 5

2

3

2

3

2

3

    



pV nRT

  b) The mass of the  gas is 

,

RT

MpV

 and  so the ratio of the energies is           

 

 

  

%. 0242 . 0 10 42 . 2

K   300 K mol J 3145 . 8

s m 0 . 30 mol kg 10 016 . 2

3

1

3

1

2

1

4

2

3

2

2

3

2

  





 





RT

Mv

pV

v

RT

MpV

     



 EMBED Word.Document.8 \s [image: image70.emf]18.71:     a) From Eq. 

 , 19 . 18

                    

s. m   517 ) mol kg 10 0 . 28 (   K)   15 . 300 (   ) K mol J 3145 . 8 ( 3 s  

3

   



v

           b)  

s. m   299 3 s  



v

     



 EMBED Word.Document.8 \s [image: image71.emf]18.72:     a) 

s. m   10 20 . 1

  kg) 10 67 . 1 (

K)   5800 (   ) K J 10 38 . 1 ( 3 3

4

27

23

 











m

kT

          b)

s. m   10 18 . 6

m)   10 96 . 6 (

kg) 10 99 . 1 (   ) kg m N 10 673 . 6 ( 2 2

5

8

30 2 2 11

 



  





R

GM

          c)   The escape speed is about 50 times the rms speed, and any of Fig. 

 

, 20 . 18

 Eq. 

 

32 . 18

 or Table 

 

2 . 18

 will indicate that there is a negligib ly small fraction of molecules  with the escape speed.      



 EMBED Word.Document.8 \s [image: image72.emf]18.73:    a) To escape, the total energy must be positive, 

. 0

  U K

 At the surface of the  earth, 

, mgR R GmM U

   

 so to escape 

. mgR K



   b) Setting the average kinetic  energy equal to the expression found in part (a), 

    

. 3 2 or    , 2 3 k mgR T mgR kT

 

 For  nitrogen, this is                                  

K) J 10 mol)(1.381 molecules 10 023 . 6 (

m) 10 38 . 6 ( ) s m mol)(9.80 kg 10 0 . 28 (

3

2

23 - 23

6 2 3

 

 





T

                                          

K 10 40 . 1

5

 

    and for hydrogen the escape temperature is 

) (

0 . 28

02 . 2

 times this, or  

K. 10 01 . 1

4



    c) For  n itrogen,  

K 10 36 . 6

3

 

T

 and for hydrogen, 

K. 459



T

  d) The escape temperature for  hydrogen on the moon is comparable to the temperature of the moon, and so hydrogen  would tend to escape until there would be none left. Although the escape  temperature for  nitrogen is higher than the moon’s temperature, nitrogen would escape, and continue to  escape, until there would be none left.      
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    much larger than that of machinery.      
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  more than three times the temperature of the sun. This indicates a high average kinetic  energy, but the  thinness of the ISM means that a ship would not burn up.      
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 the agreement is not  good enough to be useful in predicting critical point data. The van der Waals equation  models certain gases, and is not accurate for substances near critical points.      



 EMBED Word.Document.8 \s [image: image89.emf]18.90:     a) 

,   and   ) (

2

2

2

1

2

1

rms 2 1

2

1

av

v v v v v v

   

 and                             

) 2 (

4

1

) (

2

1

2 1

2

2

2

1

2

2

2

1

2

av

2

rms

v v v v v v v v

     

       

. ) (

4

1

) 2 (

4

1

2 2

1

2

1

2

2

2

1

v v

v v v v

 

  

    This shows that 

,

av rms

v v



 with equality holding if and only if the particles have the same speeds.             b) 
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 and  the given forms follow immediately.             c) The algebra is similar to that in part (a); it helps somewhat to express    
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            d) The result has been shown for 
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 and it has been shown that validity for  N  implies  validity for 
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 by induction, the result is true for all  N .          


