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          The section of the aluminum ruler will be longer by 0.008 cm      
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                       b) Water has a larger specific heat capacity so stores more heat per degree of  temperature change.               c) If some heat went into the styrofoam then 
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 It is best to refrain from drinking cold fluids prior to orally  measuring a body temperature due to cooling of the mouth.      
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 minutes. This may acount for mothers  taking the temperature of a sick child several minutes  after  the child has something to  drink.      
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           c) Steam burns are far more severe than hot - water burns.      
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           b) This much water has a volume of 101 
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about a third of a can of soda.      
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  which is a volume of 3.45 L.       
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             Since this is less than the mass of ice, not all of the ice melts, and the sample is  indeed cooled to 

C. 0
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 Note that conversion fro m grams to kilograms was not necessary.      
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 EMBED Word.Document.8 \s [image: image61.emf]17.62:       Equating the heat lost by the lead to the heat gained by the calorimeter  (including the water - ice mixtue),    
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    (The fact that a posit ive Celsius temperature was obtained indicates that all of the ice  does indeed melt.)      
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 EMBED Word.Document.8 \s [image: image66.emf]17.67:      (Although it may be easier for some  to solve for the heat flow per unit area,  part (b), first  the method presented here follows the order in the text.)    a) See Example  17.13; as in that  example, the area may be divided out, and solving for  temperature 
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    Using the numerical values, the radius for parts (a ) and (b ) are    
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             c) The radius of Procyon B is comparable to that of the earth, and  the radius of  Rigel is comparable to the earth - sun distance.      



 EMBED Word.Document.8 \s [image: image78.emf]17.79:      a) normal melting point of mercury: 

     0.0 C   30

   normal boiling point of mercury: 

   

100.0 C   357

   

       

C   3.96   1   so   C   396 100

   Zero on the M scale is 

39



 on the C scale, so to obtain 

C

T

 m ultiple 

3.96 by   



T

 and  then subtract 

   

39 96 . 3 : 39

M C

T T

   Solving for 

 

  

39

96 . 3

1

  gives  

C M M

T T T

   The normal boiling point of water is 

 

       

1 . 35 39 100

96 . 3

1

C; 100

M

T

   b)

    

C   6 . 39   0 . 10

     



 EMBED Word.Document.8 \s [image: image79.emf]17.80:      All linear dimensions of the hoop are increased by the same factor of 

, T α

  so  the increase in the radius of the hoop would be    

  

 

m.   38 K   5 . 0 K   10 2 . 1 m   10   38 . 6

1 5 6

    

 

T Rα

     



 EMBED Word.Document.8 \s [image: image80.emf]17.81:      The tube is initially at temperature 

,

0

T

 has sides of length 

0

L

 volume 

,

0

V

  density 

,

0

ρ

  and coefficient of volume expansion 

. β

               a) Wh en the temperature increase to 

,

0

T T

 

 the volume changes by an amount 

, V



 where 

.

0

T V β V

  

 Then, 

,

0

V V

m

ρ

 



 or eliminating 

. ,

0 0

T βV V

m

ρ V

 

 

  Divide the top and bottom by 

0

V

 and substitute 

.

0 0

V m ρ



 Then 

.

1

or    0

0 0 0 0

0

T β

ρ

ρ

V T βV V V

V m

ρ

 



 



 This can be rewritten as 

 

. 1

1

0



  

T β ρ ρ

 Then  using the expression 

 

, 1 1 nx x

n

  

 where 

 

. 1 , 1

0

T β ρ ρ n

    

    b) The copper cube has sides of length 

C.   50.0 C   0 . 20 C   0 . 70   and   m,   .0125 cm   25 . 1

       

T

   

 

   

. m   10 5 C   0 . 50 m   0125 . C   10 1 . 5

3 9

3

5

0

 

        

T βV V

    Similarly, 

; m kg 10 8.877 or    )), C   0 . 50 )( C   10 1 . 5 ( 1 ( m kg 10 9 . 8

3 3 5 3 3

       



ρ ρ

  extra significant figures have been keep. So 

. 23

3

m

kg

  

ρ

     



 EMBED Word.Document.8 \s [image: image81.emf]17.82:       (a) We can use differentials to find the frequency change because all length  changes are small percents . Let  m  be the mass of the wire    
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    The frequency decreases since the length increases              (b) 
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
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
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             (c) 
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 EMBED Word.Document.8 \s [image: image82.emf]17.83:      Both the volume of the cup and the volume of the olive oil increase when the  temperature increases,  but 

β

  is larger for the oil so it expands more. When the oil starts  to overflow,   

A A V V    where , ) m 10 00 . 1 (

3

glass oil



    

is the cross - sect ional area of the cup.            

T Aβ T β V V

    

oil oil oil 0, oil

) cm 9 . 9 (

           

T Aβ T β V V

glass

    

glass glass   0, glass

) cm 0 . 10 (

           

A T Aβ T Aβ ) m 10 00 . 1 ( ) cm 0 . 10 ( ) cm 9 . 9 (

3

glass oil



    

           The area  A  divides out. Solving for 

   

C 15.5   gives   T T

           

C 5 . 37

1 2

    

T T T

     



 EMBED Word.Document.8 \s [image: image83.emf]17.84:      Volume expansion: 

dT βV dV  

  

V V

dT dV

β

graph   of   Slope

 

  Construct the tangent to the graph at 

C 8   and   C 2

 

 and measure the slope of this line.    

3

3
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   



 

β

  The slop e in negative, as the water contracts or it is heated. At 

3

C 4
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3

  



V

 

1 5

3

3

) C ( 10 6

cm   1000
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 

  





β

  The water now expands when heated.      



 EMBED Word.Document.8 \s [image: image84.emf]17.85:     

steel) s   aluminum, (a    cm 40 . 0

s a
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 EMBED Word.Document.8 \s [image: image85.emf]17.86:      a) The change in height will be the difference between the changes in  volume of the liquid and the glass, divided by the area. The liquid is free to  expand along the column, but not across the diameter of the tube, so the increase  in volume is r eflected in the change in the length of the columns of liquid in the  stem.                b) 

T β β
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V
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h
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 EMBED Word.Document.8 \s [image: image86.emf]17.87:      To save some intermediate calculation, let the third rod be made of  fractions 

2 1

  and   f f

 of the original rods; then 

) 0650 . 0 (   and   1

1 2 1

f f f

 

 

. 0580 . 0 ) 0350 . 0 (

2

 

f

These two equations in 

2 1

  and   f f

are solved for  

, 1    ,

0350 . 0 0650 . 0

0350 . 0 0580 . 0

1 2 1

f f f

 







  and the lengths are 

cm 7.00 cm) 0 . 30 (   and   cm 23.0 cm) 0 . 30 (

2 1

 

f f

     



 EMBED Word.Document.8 \s [image: image87.emf]17.88:    a) The lost volume, 2.6 L, is the difference between the expanded volume  of the fuel and the tanks, and the maximum temperature difference is                                

, C   78 . 2       

) m   10 0 . 106 )( ) C ( 10 2 . 7 ) (C 10 5 . 9 (
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) (

3 3 1 5 1 4

3 3

0 A1 fuel
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





 

    



V β β

V

T

  or 

C 28



 to two figures; the maxim um temperature was 

C. 32



  b) No fuel can spill if the  tanks are filled just before takeoff.      



 EMBED Word.Document.8 \s [image: image88.emf]17.89:      a) The change in length is due to the tension and heating 

 

. αΔT Y A,  F T α

L

ΔL

A

F

AY

F

L

L

    



0 0

for    Solving   .

           b) The brass bar is given as “heavy” and the wires are given as “fine,” so it may be  assumed that the stress in the bar due to the fine wires does not aff ect the amount by  which the bar expands due to the temperature increase. This means that in the equation  preceding Eq. (17.12), 

L



is not zero, but is the amount 

T L α



0 brass

 that the brass  expands, and so                               
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 EMBED Word.Document.8 \s [image: image89.emf]17.90:      In deriving Eq. (17.12), it was assumed that 

0;

 L

 if this is not the case when  there are both thermal and tensile stresses, Eq. (17.12) becomes  

.

0










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   
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T α L L

  For the situation in this problem, there are two length ch anges which must sum to zero,  and so Eq. (17.12) may be extended to two materials  a  and  b  in the form  
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b
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  Note that in the above, 

A F T   and     ,



 are the same for the two rods. Solving for the stress 

A, F
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  to two figures.      



 EMBED Word.Document.8 \s [image: image90.emf]17.91:      a) 

   












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in.)   5000 . 2 (
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R

T

 to two figures, so the ring should be  warmed to 

C. 87



  b) the difference in the radii was initially 0.0020 in., and this must be  the difference between the amounts the radii have shrunk. Taking 

0

R

 to be the same for  both rings, the temperature must be lowered by an amount                      

 

0 steel brass

R α α

R

T
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   
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
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5

  to two figures, so the final temperature would be 

C. 80
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 EMBED Word.Document.8 \s [image: image91.emf]17.92:      a)  The change in volume due to the temperature increase is 

, T βV

  and the  change in volume due to the pressure increase is 

   

. 11.13   Eq.   p

B

V

 

 Setting the net  change equal to zero, 

. or    , V Bβ p V T βV

B

p     



 b) From the above,  

  

 

Pa.   10 64 . 8 K   0 . 15 K   10 0 . 3 Pa   10 6 . 1

7 1 5 11

     

 
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 EMBED Word.Document.8 \s [image: image92.emf]17.93:      As the liquid is compressed, its volume changes by an amount 

.

0

pkV V

      When cooled, the difference between the decrease in volume of the liquid and the  decrease in volume of the metal must be this change in volume, or 

 

.

0 m 1

V T V α α
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  Setting the expressions for 

V



 equal and solving for 
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
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  so the temperature is 
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 EMBED Word.Document.8 \s [image: image93.emf]17.94:      Equating the heat lost be the soda and mug to the heat gained by the ice and  solving for the final temperature 
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 Note that the mass of the ice 

 

kg 120 . 0

 appears  in the denominator of this  expression multiplied by the heat capacity of water; after the ice melts, the mass of the  melted ice must be raised further to 

. T

   



 EMBED Word.Document.8 \s [image: image94.emf]17.95:      a) 
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           b) Unless the kinetic energy can be converted into forms other than the increased  heat of the satellite cannot return intact.      



 EMBED Word.Document.8 \s [image: image95.emf]17.96:      a) The capstan is doing work on the rope at a rate  
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  or 
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 to two figures. The net torque that the rope exerts on the capstan, and hence the  net torque that the capstan exerts on the rope, is the differ ence between the forces of the  ends times the radius. A larger number of turns might increase the force, but for given  forces, the torque is independent of the number of turns.            b)               
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 EMBED Word.Document.8 \s [image: image96.emf]17.97:      a) Replacing  m  with  nM  and  nM c with  nC ,  
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 EMBED Word.Document.8 \s [image: image97.emf]17.98:      Setting the decrease in internal energy of the water equal to the final  gravitational potential energy, 
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 Solving for  h,  and inserting  numbers:    
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 EMBED Word.Document.8 \s [image: image98.emf]17.99:      a) 
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           b) 
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 to the more apropriate two figures.   c) The answers to both parts (a) and (b) are  multiplied by 2.8, and the temperature rises by 
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 EMBED Word.Document.8 \s [image: image99.emf]17.100:  See Problem 17.97. Denoting  C  by 
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    a  and  b  independent of    temperature, integration gives.  
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  In this form, the temperatures for the linear part may be expressed in terms of Celsius  temperatures, but the q uadratic  must  be converted to Kelvin temperatures, 
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 EMBED Word.Document.8 \s [image: image100.emf]17.101:     a) To heat the ice cube to 

C, 0 . 0

  heat must be lost by the water, which  means that some of the water will freeze. The mass of this water is  
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           b) In theory, yes, but it takes 16.7 kg of ice to freez e 1 kg of water, so this is  impractical.      



 EMBED Word.Document.8 \s [image: image101.emf]17.102:     The ratio of the masses is  
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  so 

kg 0696 . 0

of steam supplies the same heat as 

kg 00 . 1

 of water. Note the heat  capacity of water is used to find the heat lost by the condensed steam.      



 EMBED Word.Document.8 \s [image: image102.emf]17.103:     a) The possible final states are steam, water and copper at 

C, 100

  water,  ice and copper at 

C 0 . 0



 or water and copper at an intermediate temperature.  Assume the last possibility; the final temperature would be  
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  This is indeed a temperature intermediate between the freezing and boiling points,  so the reasonable assumption was a valid one.   b) There are 

kg 13 . 0

of water.      



 EMBED Word.Document.8 \s [image: image103.emf]17.104:     a) The three possible final states are ice at a temperature below 

C, 0 . 0

  an ice - water mixture at 

C 0 . 0



or water at a temperature above 

C. 0 . 0



 To make an educated  guess at the final possibility,  note that 
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 are  needed to heat the ice to 
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 and 
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

 must  removed to cool the water to 

C, 0 . 0



 so the water will not freeze. Melt ing all of the ice  would require an additional  

kJ, 46.8 kg) J 10 kg)(334 140 . 0 (

3

 

  so some of the ice  melts but not all; the final temperature of the system is 

C. 0 . 0



          Considering the other possibilities would lead to contradictions, as either  water  at a temperature below freezing or ice at a temperature above freezing.            b) The ice will absorb 27.9 kJ of heat energy to cool the water to 

  C. 0



 Then, 

070 . 0

kg J 10 334

) kJ 41 . 4 kJ 9 . 27 (

3

 





m

 kg will be converted to water. There will be 0. 070 kg of ice and  0.260 kg of water.      



 EMBED Word.Document.8 \s [image: image104.emf]17.105:     a) If all of the steam were to condense, the energy available to heat the water  would be 

J. 10 02 . 9 ) kg J 10 2256 )( kg 0400 . 0 (

4 3

  

If all of the water were to be heated  to 

C, 0 . 100



the needed heat would be 

J. 10 19 . 4 ) C 0 . 50 )( K kg J 4190 )( kg 200 . 0 (

4

   

  Thus, the water heat s to 

C 0 . 100



 and some of the steam condenses; the temperature of  the final state is 

C. 100



           b) Because the steam has more energy to give up than it takes to raise the water  temperature, we can assume that some of th e steam is converted to water:        

kg. 019 . 0

kg J 10 2256

J 10 19 . 4

3

4









m

  Thus in the final state, there are 0.219 kg of water and 0.021 kg of steam.      



 EMBED Word.Document.8 \s [image: image105.emf]17.106:     The mass of the steam condensed 

kg. 0.035 kg 0 49 . 0 kg 525 . 0

  The heat lost  by the steam as it condenses and cools is      

), K 0 . 29 )( K kg J 4190 )( kg 035 . 0 ( ) kg 035 . 0 (

v

 

L

  and the heat gained by the original water and calorimeter is    

J. 10 8.33 K) ))(56.0 K kg J kg)(4190 (0.340 K) kg J kg)(420 150 . 0 ((

4

    

  Setting the heat lost  equal to the heat gained and solving for 

kg, J 10 2.26   gives  

6

v



L

or  

kg J 10 3 . 2

6



 to two figures (the mass of steam condensed is known to only two  figures).      



 EMBED Word.Document.8 \s [image: image106.emf]17.107:     a) The possible final states are in ice - water mix at 

C, 0 . 0

 a water - steam mix at 

C 0 . 100



 or water at an intermediate temperature. Due to the large latent heat of  vaporization, it is reasonable to make an initial g uess that the final state is at 

C. 0 . 100



To  check this, the energy lost by the steam if all of it were to condense would be 

  J.   10 14 . 2 ) kg J 10 2256 )( kg 0950 . 0 (

5 3

  

 The energy required to melt the ice and heat  it to 

J, 10 13 . 1 )) C 100 ( K) kg J 4190 ( kg J 10 kg)(334 (0.150   is    C 100

5 3

      

and the  energy requi red to heat the origianl water to 

) kg.K J kg)(4190 (0.200   is   C 100



 

J. 10 4.19 ) C (50.0

4

  

 Thus, some of the steam will condense, and the final state of the  system wil be a water - steam mixture at 

C. 0 . 100



             b) All of the ice is converted to w ater, so it adds 0.150 kg to the mass of water.  Some of the steam condenses giving up

J 10 55 . 1

3



of energy to melt the ice and raise the  temperature. Thus, 

kg 69 . 0

kg J 10 2256

J 10 55 . 1

3

5

 





m

and the final mass of steam is 0.026 kg, and  of the water, 

kg. 0.419 kg .20 kg .069 kg 150 .

  

             c) Due to the much larger quantity of ice, a reasonable initial guess is an ice - water  mix at 

C. 0 . 0



 The energy required to melt all of the ice would be 

 

kg) J 10 (334   kg) 350 . 0 (

3

 

J 10 17 . 1

5



. The maximum  energy that could be  transferred to the ice would be if all of the steam would condense and cool to 

C 0 . 0



 and  if all of the water would cool to 

C 0 . 0

,  

)) C K)(100.0 kg J 4190 ( kg J 10 (2256   kg ) 0120 . 0 (

3

   

  +

J. 10 6.56 ) C K)(40.0 kg J kg)(4190 200 . 0 (

4

   

  This is insufficien t to melt all of the ice, so the final state of the system is an ice - water  mixture at 

J 10 56 . 6 . C 0 . 0

4

 

of energy goes into melting the ice. So, 

kg J 10 334

J 10 56 . 6

3

4







m

 

kg. 196 . 0



 So there is 

kg 154 . 0

of ice, and 

kg 0.20 kg 0.196 kg 012 . 0

 

kg 0.408



of  water.      



 EMBED Word.Document.8 \s [image: image107.emf]17.108:     Solving Eq. (17.21) for  k,  

K. m W 10 0 . 5

K) 0 . 65 )( m (2.18

m) 10 (3.9

W) 180 (

2

2

2

  















Τ Α

Τ

H k

     



 EMBED Word.Document.8 \s [image: image108.emf]17.109:     a) 

















  



 





 

m 10 1.8 m 10 5.0

C 0 . 28

) m 0.95 (2.00   mol.K) J 120 . 0 (

2 2

2

L

Τ

kΑ H

             

W. 9 . 93



           b) The flow through the wood part of the door is reduced by a factor of 

W 81.5    to 868 . 0 1

) 95 . 0 00 . 2 (

) 50 . 0 (

2

 



. The heat flow through the glass is  

W, 0 . 45

m 10 45 . 12

C 28.0

  m) (0.50 K) mol J 80 . 0 (

2

2

glass























 



H

  and so the ratio is 

. 35 . 1

9 . 93

0 . 45 5 . 81





   



 EMBED Word.Document.8 \s [image: image109.emf]17.110:    

. ,   so   and   , , ,

2 2 1 1 2 1 2 1

2 1

R Τ R T H H R R

A

H

A

H

k

L

k

L

       The temperature  difference across the combination is  

, ) (

2 1 2 1

R

A

H

R R

A

H

T Τ Τ

       

 

.   so,

2 1

R R R

 

     



 EMBED Word.Document.8 \s [image: image110.emf]17.111:     The ratio will be the inverse of the ratio of the total thermal resistance, as given  by Eq. (17.24). With two panes of glass with the air trapped in between, compared to the  single pane, the ratio of the heat flows is  

,

(

) ( ) ( 2 (

0 glass) glass

air air 0 glass glass

R k L

k L R k L



 

  whe re 

0

R

 is the thermal resistance of the air films. Numerically, the ratio is  

 

. 9 . 2

W K m 0.15 K) m W (0.80 m) 10 2 . 4 (

K)) m W (0.024 m) 10 ((7.0 W K m 0.15 K)) m (0.80 m) 10 2 . 4 (( 2

2 3

3 2 3



   

      



 

W

   



 EMBED Word.Document.8 \s [image: image111.emf]17.112:     Denote the quantites for copper, brass and steel by 1, 2 and 3, respectively, and  denote the temperature at the junction by 

.

0

T

           a)

,

3 2 1

H H H

 

 and using Eq.

 

21 . 17

 and dividing by the commo n area,  

 

. C 100

0

3

3

0

2

2

0

1

1

T

L

k

T

L

k

T

L

k

   

  Solving for 

0

T

 gives  

 

     

 

. C 100

3 3 2 2 1 1

1 1

0



 



L k L k L k

L k

T

  Substitution of numerical values gives 

C. 4 . 78

0

 

T

           b) Using 

T H

L

kA

 

 for each rod, with 

C 4 . 78    , C 6 . 21

3 2 1

       

T T T

 gives 

.  W  30 . 3   and  W  50 . 9    W, 8 . 12

3 2 1

  

H H H

 If higher precision is kept, 

1

H

 is seen to be  the sum of 

.   and  

3 2

H H

     



 EMBED Word.Document.8 \s [image: image112.emf]17.113:     a) See Figure 17.11. As the temperature approaches 

C, 0 . 0

  the coldest water  rises to the top and begins to freeze while the slightly warmer water, which is more  dense, will be beneath the surface.  b) (As in part (c), a constant  temperature difference is  assumed.) Let the thickness of the sheet be 

, x

 and the amount the ice thickens in time 

.   be   dx dt

 The mass of ice added per unit area is then 

,

e   ic

dx ρ

 meaning a heat transfer of 

.  

f e   ic

dx L ρ

 This must be the product of the heat flow per unit area times the time, 

   

. dt x T k dt A H

 

 Equating these expressions,  

. or       

f ice

f e   ic

dt

L ρ

T k

xdx dt

x

T k

dx L ρ









  This is a separable differential equation; integrating both sides, setting 

, 0 at    0

 

t x

          gives  

.

2

f ice

2

t

L ρ

T k

x





  The square of the thickness is propotional to the time, so the thickness is propotional to  the square root of the time.  c) Solving for the time in the above expression,  

  

  

 

s. 10 0 . 6 m 25 . 0

C 10 K mol J 6 . 1 2

kg J 10 334 m kg 920

5

2

3 3

 

 





t

           d)  Using 

m 40



x

 in the above calculation gives 

s,   10 5 . 1

10

 

t

 about 500 y, a  very long cold spell.      



 EMBED Word.Document.8 \s [image: image113.emf]17.114:     Equation(17.21) becomes 

.

x

T

kA H





   a)  

 W. 13.3   m) C   140 )( m   10 50 . 2 K)( kg J   (380

2 4

    



H

  b)   Denoting the points as 1 and 2, 

.

1 2

t

T

dt

dQ

mc H H





  

 Solving for 

2, at   

x

T





 

.  

1 2

t

T

kA

mc

x

T

x

T

















  The mass  m  is 

  , x ρA



so the factor multip lying 

t

T





in the above expression is 

  m. s   137

 

x

k

cρ

Then,  

m. C   174 ) s C   m)(0.250 s   137 ( m C   140

2

     





x

T

     



 EMBED Word.Document.8 \s [image: image114.emf]17.115:     The mass of ice per unit area will be the product of the density and the  thickness  x , and the energy needed per unit area to melt the ice is product of the mass per  unit area and the heat of fusion. The time is then  

min.   305 s   10 3 . 18                 

) m W   600 )( 70 . 0 (

kg) L   10 m)(334   10 50 . 2 )( m kg   920 (

3

2

3 2 3

f

  

 

 



A P

ρxL

t

     



 EMBED Word.Document.8 \s [image: image115.emf]17.116:     a) Assuimg no substantial energy loss in the region between the earth and the  sun, the power per unit area will be inversely proportional to the square of the distance  from the center of the sun, and so the energy flux at the surface of the sun  is 

 

  . m W   10 97 . 6   ) m W   10 50 . 1 (

2 7

2

m)   10 96 . 6

m)   10 50 . 1

2 3

8

11

  





  b) Solving Eq. (17.25) with 

1,



e

 

K. 5920

K m  W 10 67 . 5

m  W 10 97 . 6 1

4

1

4

1

4 2 8

2 7















 





















σ A

H

T

   



 EMBED Word.Document.8 \s [image: image116.emf]17.117 :    The rate at which the helium evaporates is the heat gained from the  surroundings by radiation divided by the heat of vaporization. The heat gained from the  surroundings come from both the side and the ends of the cylinder, and so the rate at  whi ch the mass is lost is  

 

 

 

v

4 4

s

2

2 2

L

T T σe d π d hπ

 

       

 

   

 

 

kg J 10 09 . 2

K   22 . 4 K   3 . 77 K m  W 10 67 . 5

200 . m   045 . 0 2 m   090 . 0 m   250 . 0

4

4 4

4 2 8

2



























   







π π

 

s, kg 10 62 . 1

6



 

  which is 

h. g 82 . 5

     



 EMBED Word.Document.8 \s [image: image117.emf]17.118:  a)  With 

, 0

 p

 

, T

T

pV

T nR V p

    

  or  

.

1

   and     ,

T

β

T

T

V

V









           b)                                      

. 67

) K 10 K)(5.1 293 (

1

1 5 -

copper

air









β

β

     



 EMBED Word.Document.8 \s [image: image118.emf]17.119:     a) At steady state, the input power all goes into heating the water, so 

T c H P

dt

dm

  

 and  

K, 6 . 51

min) s 60 ( min) kg (0.500 K) kg J 4190 (

W) 1800 (

) (





  

dt dm c

P

T

  and the output temperature is 

C. 51.6 C 0 . 18

  

   b) At steady state, the apparatus will  neither remove heat from n or add heat to the water.      



 EMBED Word.Document.8 \s [image: image119.emf]17.120:     a) The heat generated by the hamster is the heat added to the box;       

h. J 97.9 h) C K)(1.60 mol J 1020 )( m 0500 . 0 )( m kg 20 . 1 (

3 3

    

dt

dT

mc P

           b)  Taking the efficiency into account,  

h. g 8 . 40

g J 24

h J 979 %) 10 (

c c

0

   

L

P

L

P

t

M

     



 EMBED Word.Document.8 \s [image: image120.emf]17.121:     For a spherical or cylindrical surface, the area 

(17.21)   Eq. in    A

is not constant,  and the material must be considered to consist of shells with thickness 

dr

and a  temperature difference between the inside and outside o f the shell 

. dT

 The heat current  will be a constant, and must be found by integrating a differential equation. a)Equation  (17.21) becomes  

.  

4

 

or       ) 4 (

2

2

dT k

πr

dr H

dr

dT

πr k H

 

  Integrating both sides between the appropriate limits,  

). (

1 1

4

1 2

T T k

b a π

H

 















  In this case the “appropriate limits” have been chosen so that if the inner temperature 

2

T

  is at the higher temperature 

1

T

, the heat flows outward; that is, 

. 0



dr

dT

 Solving for the  heat current ,  

.

) ( 4

1 2

a b

T T πab k

H







     b) Of the many ways to find the temperature, the one presented here avoids some  intermediate calculations and avoids (or rather sidesteps) the sign ambiguity mentioned  above. From the model of heat conduction used, the rate of  changed of temperature with  radius is of the form 

B

r

B

dr

dT

 with  ,

2



a constant. Integrating from 

  from   and      to r a r



 

b r a r

 

   to

gives  

.

1 1

   and   

1 1

) (

2 1 2













  













  

b a

B R T

r a

B T r T

  Using the second of these to eliminate  B  and solving  T ( r ) (and rearranging to  eliminate  compound fractions) gives  

. ) ( ) (

1 2 2





























  

r

b

a b

a r

T T T r T

  There are, of course, many equivalent forms. As a check, note that at 

2

, T T a r

 

 

.   , at    and  

1

T T b r

 

  c) As in part (a), the expression for the heat current is  

,

2

H

or    ) 2 ( kLdT

πr dr

dT

πrL k H

 

  which integrates, with the same condition on the limits, to  

.

) ln(

) ( 2

H or      ) ( ) ln(

2

1 2

1 2

a b

T T πkL

T T kL a b

π

H



  

           d)  A method similar (but slightly simpler) than that use in part (b) gives  

.

) ln(

) ln(

) ( ) (

2 1 2

a b

a r

T T T r T

  

          e)  For the sphere:  Let 

, ~   e approximat   and   , a b l a b

 

 with  a  the common radius.  Then the surface area of the sphere is 

, 4

2

πa A



 and the expression for  H  is that of Eq.  (17.21) (with  l  instead of  L , which has another use in this problem). For the cylinder: with  the same not ation, consider    



 EMBED Word.Document.8 \s [image: image121.emf]17.122:     From the result of Problem 17.121, the heat current through each of the jackets  is related to the temperature difference by 

 

,

ln

2

T H

a b

πlk

 

 where  l  is the length of the  cylinder and  b  and  a  are the inner and outer radii of the cylinder.  Let the temperature  across the cork be 

1

T



 and the temperature across the styrofoam be 

,

2

T



 with similar  notation for the thermal conductivities and heat currents. Then, 

     

T T T

2 1

 

. C    125



 Setting 

H H H

 

2 1

 and canceling the common factors,  

1.5 1n  2 1n 

2 2 1 1

k T k T







  Eliminating 

gives   for    solving   and  

1 2

T T

 

 

.

2 ln 

1.5 ln 

1

1

2

1

1



















   

k

k

T T

  Substitution of numerical values gives 

, C   37

1

  

T

 and the temperature at the radius  where th e layers meet is 

C. 103 C 37 C 140

    

 b) Substitution of this value for 

1

T



 into  the above expression for 

H H



1

 gives  

  

 

 W. 27 C   37

2 ln 

K mol J   04 . 0 m   00 . 2 2

 





π

H

     



 EMBED Word.Document.8 \s [image: image122.emf]17.123:     a)                   b) After a very long time, no heat will flow, and the entire rod will be at a uniform  temperature which must be that of the ends, 

C. 0



             c)         d) 

  

. cos C 100 L πx L π

x

T

 





 At t he ends, 

,   and   0 L x x

 

 the cosine is 

1



 and the  temperature gradient is 

  

m. C   10 14 . 3 100 0 C 100

3

     

 m . π

   e) Taking the phrase  “into the rod” to mean an absolute value, the heat current will be 







x

T

kA

 

W. 121 m) C 10 14 . 3 )( m 10 (1.00   K) m 0 . 385 (
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 f) Either by evaluating 
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 at  the center of the rod, where 

 

, 0 2 cos   and   2

 

π π L πx

 or by checking the figure in  part (a), the temperature gradient is zero, and no heat flows through the center; this is  consistent with the symm etry of the situation. There will not be any heat current at the  center of the rod at any later time.  g) See Problem 17.114;  
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           h) Although there is no net heat current, the temperature of the center of the rod is  decreasing;  by considering the heat current at points just to either side of the center,  where there is a non - zero temperature gradient, there must be a net flow of heat out of the  region around the center. Specifically,              
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 EMBED Word.Document.8 \s [image: image123.emf]17.124:     a) In hot weather, the moment of inertia  I  and the length  d  in Eq. (13.39) will  both increase by the same factor, and so the period will be longer and the clock will run  slow (lose time). Similarly, the clock will run fast (gain time) in cold we ather. (An ideal  pendulum is a special case of physical pendulum.)   b)   
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   c)  See Problem 13.97; to avoid possible confusion, denote the  pendulum period by 
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 Fo r this problem,
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 so in one day the clock  will gain 

, ) 400 , 86 ( Δ ) 2 1 (   d)    figures.    two so   s 2 . 5 ) 10 s)(6.0 400 , 86 (

1 5

 

   

T α

τ

Δτ

 so  

. C 93 . 1 )) 400 , 86 ( ) ) C ( 10 2 . 1 (( 2

1 1 5

      

  

T

     



 EMBED Word.Document.8 \s [image: image124.emf]17.125:     The rate at which heat is aborbed at the blackened end is the heat current in the  rod,  
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 is the temperature of the blackened end of the rod. If this were to  be solved exactly, the equation woul d be a quartic, very likely not worth the trouble.  Following the hint, approximate 
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on the left side of the above expression as  T 1  to  obtain   
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  This approximation for 

2

T

is indeed only slightl y than 

, 1

T

 and is a good estimate of the  temperature. Using this for 

2

T

in the original expression to find a better value of 
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

  gives the same 

T



 to eight figures, and furthe r, and further iterations are not worth  – while.                A numerical program used to find roots of the quartic equation returns a value for 

T



 that differed from that found above in the eighth place; this, of course, is more  precisio n than is warranted in this problem.      
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           The total is 
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with the largest portion due to radiation from th e sun.            
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  b)
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              c) Redoing the above calculations with 
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 and the decreased area gives a power  of 945 W and a corresponding evaporation rate of 

h. L 4 . 1

 Wearing reflective clothing  help s a good deal. Large areas of loose weave clothing also facilitate evaporation.  


