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10 
Thermal Physics 

QUICK QUIZZES 

1. Choice (c). When two objects having different temperatures are in thermal contact, energy is transferred from the higher 
temperature object to the lower temperature object. As a result, the temperature of the hotter object decreases and that of the 
cooler object increases until thermal equilibrium is reached at some intermediate temperature. 

2. Choice (b). The glass surrounding the mercury expands before the mercury does, causing the level of the mercury to drop 
slightly. The mercury rises after it begins to get warmer and approaches the temperature of the hot water, because its coeffi-
cient of expansion is greater than that for glass. 

3. Choice (c). Gasoline has the highest coefficient of expansion so it undergoes the greatest change in volume per degree 
change in temperature. 

4. Choice (c). A cavity in a material expands in exactly the same way as if the cavity were filled with the surrounding material. 
Thus, both spheres will expand by the same amount. 

5. Unlike land-based ice, ice floating in the ocean already displaces a quantity of liquid water whose weight equals the weight 
of the ice. This is the same situation as will exist after the ice melts, so the melting ocean-based ice will not change ocean 
levels much. 

6. Choice (b). Since the two containers are at the same temperature, the average kinetic energy per molecule is the same for the 
argon and helium gases. However, helium has a lower molar mass than does argon, so the rms speed of the helium atoms 
must be higher than that of the argon atoms. 

ANSWERS TO WARM-UP EXERCISES 

1. The volume of a sphere of radius r is given by  

   34
3

V rπ=   

 So the ratio of the final volume to the initial volume of the balloon is 
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2. (a) The initial velocity of the ball in the x direction is given by 
   ( )0 0 0cos 25.0 m/s cos30.0 21.7 m/sxυ υ θ= = ° =   
 (b) The initial velocity of the ball in the y direction is given by 
   ( )0 0 0sin 25.0 m/s sin 30.0 12.5 m/syυ υ θ= = ° =   
 (c) The ball’s initial kinetic energy is 

    ( )( )22
0

1 1 0.142 kg 25.0 m/s 44.4 J
2 2iKE mυ= = =   

3. (a) We use Equation 10.2a to convert the temperature from the Celsius scale to the Fahrenheit scale: 

   ( )9 932 25.0 C 32.0 13.0 F
5 5F CT T= + = − ° + = − °   

 (b) Using Equation 10.1, we obtain 
   ( )273.15 25.0 C 273.15 248 KCT T= + = − ° + =   
4. The change in length of the copper wire due to thermal expansion is given by Equation 10.4, with the coefficient of 

linear expansion for copper ( ) 1617 10  Cα −− ⎡ ⎤= × °⎣ ⎦  from Table 10.1:  
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5. (a) We approximate the coefficient of area expansion for copper as 

   ( ){ } ( )1 16 52 2 17 10  C 3.4 10  Cγ α − −− −⎡ ⎤ ⎡ ⎤= = × ° = × °⎣ ⎦ ⎣ ⎦   

 (b) From Equation 10.5, the change in the saucepan’s area is given by 
   0A A TγΔ = Δ   
  with  
   ( )22 2 2

0 0 0.100 m 3.14 10  mA rπ π −= = = ×    
  Then, 

   ( ){ }( )( )
0
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−− −

−
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⎡ ⎤= × ° × ° − °⎣ ⎦

= ×

  

6. Equation 10.6 gives the change in volume of an object caused by a a change in temperature: 
   0V V TβΔ = Δ  
 where 3 .β α=  

 (a) For the Pyrex glass cylinder, ( ) 163.2 10  Cα −− ⎡ ⎤= × °⎣ ⎦  and 
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 (b) For the acetone, ( ) 141.5 10  Cβ −− ⎡ ⎤= × °⎣ ⎦  and 
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 (c) Yes. Since the acetone expands by a larger volume, 0.23 cm – 0.014 cm = 0.21 cm3 of the acetone will spill out of 
the cylinder. 

7. (a) Using Equation 10.1, we obtain 
   ( )273.15 25.0 C 273.15 298 KCT T= + = ° + =   
 (b) From the ideal gas law (Equation 10.8), we have 
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  Then,  

   

( )
( )

( )
6

6

3
3 1.07 10  Pa3

0.642
5.00 10  Pa

f i

f f

i ii i

P V
T PnR

PVT P
nR

×
= = = =

×
  

  and 
   ( )0.642 0.642 298 K 191 Kf iT T= = =   
8. If the temperature of the gas remains constant, then, from the ideal gas law,  
   i i f fPV P V=   
 which then gives 

   ( )3 34.00 atm 0.500 m 2.00 m
1.00 atm
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9. (a) Using Equation 10.1, we obtain 
   ( )273.15 152 C 273.15 425 KCT T= + = ° + =  
 (b) From the periodic table at the end of the textbook, the molar mass of neon is 20.2 u. Then, from Equation 10.7, the 

number of moles of neon gas in the tank is 

   
26.0 g 1.29 mol

molar mass 20.2 g/mol
mn = = =   

 (c) Since neon is a monatomic gas, we find the internal energy of the gas from Equation 10.17: 

   ( )( )( )3 3 1.29 mol 8.31 J/mol K 425 K 6 820 J
2 2

U nRT= = ⋅ =   

10. (a) From Equation 10.15, the average kinetic energy per molecule for helium gas at 20.0°C = 293 K is 

   ( )( )2 23 211 3 3 1.38 10  J/K 293 K 6.07 10  J
2 2 2Bm k Tυ − −= = × = ×   

 (b)  We find the rms speed from Equation 10.18: 

   ( ) ( )2 3
3

3 8.31 J/mol K 293 K3 1.35 10  m/s
4.00 10  kg/mol

RT
M

υ −

⋅
= = = ×

×
  

ANSWERS TO EVEN NUMBERED CONCEPTUAL QUESTIONS 

 2. The lower temperature will make the power line decrease in length. This increases the tension in the line so it is closer to the 
breaking point. 

 4. The pressure inside the balloon is greater than the ambient atmospheric pressure because the pressure inside must not only 
resist the external pressure, but also the force exerted by the elastic material of the balloon. 

 6. At high temperature and pressure, the steam inside exerts large forces on the pot and cover. Strong latches hold them to-
gether, but they would explode apart if you tried to open the hot cooker. 

 8. The measurements are too short. At 22°C the tape would read the width of the object accurately, but an increase in tempera-
ture causes the divisions ruled on the tape to be farther apart than they should be. This “too long” ruler will, then, measure 
objects to be shorter than they really are. 

10. The existence of an atmosphere on a planet is due to the gravitational force holding the gas of the atmosphere to the planet. 
On a small planet, the gravitational force is very small, and the escape speed is correspondingly small. If a small planet starts 
its existence with atmosphere, the molecules of the gas will have a distribution of speeds, according to kinetic theory. Some 
of these molecules will have speeds higher than the escape speed of the planet and will leave the atmosphere. As the remain-
ing atmosphere is warmed by radiation from the Sun, more molecules will attain speeds high enough to escape. As a result, 
the atmosphere bleeds off into space. 

12. Doubling the volume while reducing the pressure by half results in no change in the quantity  that appears in the ideal 
gas law equation. Consequently, the temperature and hence the internal energy remain the same. 

14. (a) The sphere, which initially could just barely fit through the ring, expands when it is heated and thus becomes too large 
to fit through the unheated ring. 

 (b) If the ring is heated, every linear dimension of the ring (including the inner circumference, and hence the diameter of 
the hole), increases. This occurs because, when a material is heated, the atoms in that material push against each other 
and get farther apart. The only way atoms on the inner circumference of the ring can get farther apart is for the circum-
ference—and corresponding diameter—to increase. Thus, if the ring is heated while the sphere remains cool, the ring 
fits over the sphere with additional room to spare. 

ANSWERS TO EVEN NUMBERED PROBLEMS 

 2. (a)   (b) 1.36 atm 

 4. (a)   (b)  

 6. (a)  (b) 1.27 atm (c) 1.74 atm 
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 8. (a) 31.7°C (b) 31.7 K 

10. (a)  (b)  

12. (a)  (b) The clock will run fast. 

14. (a)  (b)  

16. See Solution. 

18. (a) 396 N (b)  

 (c) The initial length of the wire cancels during the calculation, so the results are not affected by doubling the length of the 
bridge. 

20. See Solution. 

22. 18.702 m 

24. (a) 1.5 km 

 (b) Accordion-like expansion joints are placed in the pipeline at periodic intervals. 

26. (a) 27.7 kg  (b)  (c)  

 (d) 27.2 kg (e) 0.5 kg 

28. 1.2 cm 

30. (a) 292 K  (b) 7.83 mol (c)  

 (d) 345 g (e) 516 K, 5.98 mol (f)  

 (g)  

32. (a)  (b)  

34. (a) 3.00 mol (b)  

36.  

38. (a)   (b) See Solution. (c)  

 (d) The shell would rise because . 

40. 36.5 kN 

42. (a)   (b)   

44. (a) 385 K (b)  

 (c) The molar mass, from which the mass of a molecule can be computed.  

46. 18 kPa 
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48. (a) 0.176 mm  (b)   (c)   

50. (a) 0.34% (b) 0.48% 

 (c) The moment of inertia for each of the shapes has the same mathematical form: the product of a constant, the mass, and 
the square of a length. 

 52. 28 m 

54. (a) See Solution. (b) greater than atmospheric pressure 

 (c) The equilibrium value of h increases as the temperature T increases. 

56. See Solution. 

58. (a) 343 K (b) 12.5% 

60. (a) 16.9 cm (b)  

62. (a) 6.0 cm (b) See Solution. 

 (c) The bridge does not crumble. The stress developed is . 

64. 1.15 atm 

PROBLEM SOLUTIONS 

10.1 (a)  

 (b)  

 (c)  

10.2 When the volume of a low-density gas is held constant, pressure and temperature are related by a linear equation 
, where A and B are constants to be determined. For the given constant-volume gas thermometer, 

     [1] 

     [2] 

 From Equation [2], . Substituting this result into Equation [1] yields 

     

 so, the linear equation for this thermometer is:  

 (a) If , then  

 (b) If  then  
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10.3 (a)  

 (b)  

10.4 (a)  

   

 (b)  

   

10.5 Start with  and convert to Celsius. 

     

 Since Celsius and Fahrenheit degrees of temperature change are different sizes  
(1 Celsius degree = 1.8 Fahrenheit degrees), this is the only temperature with the same numeric value on both scales. 

10.6 Since we have a linear graph, we know that the pressure is related to the temperature as , where A and B are 
constants. To find A and B, we use the given data: 

     [1] 

 and 

     [2] 

 Solving Equations [1] and [2] simultaneously, we find: 

   , and    

 Therefore,   

 (a) At absolute zero the gas exerts zero pressure , so 

      

 (b) At the freezing point of water,  and 

     

 (c) At the boiling point of water, , so 
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10.7 Apply  to two different Celsius temperatures, , 

 to obtain    [1] 

 and  [2] 

 Subtracting Equation [1] from [2] yields 

   

 or   

10.8 (a) Using the result of Problem 10.7 above,  

 (b)  

10.9 (a)  

 (b)  The normal body temperature is  so this patient has a high fever and needs immediate attention. 

10.10 (a) Since temperature differences on the Rankine and Fahrenheit scales are identical, the temperature readings on the two 
thermometers must differ by no more than an additive constant (i.e., ). To evaluate this constant, 
consider the temperature readings on the two scales at absolute zero. We have  at absolute zero, and 

      

  Substituting these temperatures in our Fahrenheit to Rankine conversion gives 

      

  giving   

 (b) We start with the Kelvin temperature and convert to the Rankine temperature in several stages, using the Fahrenheit to 
Rankine conversion from part (a) above. 

     

  or   

10.11 The increase in temperature is . 

 Thus,  
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10.12 (a) As the temperature drops by 20°C, the length of the pendulum changes by 

     

  or  

  Thus, the final length of the rod is . 

 (b) From the expression for the period, , we see that as the length decreases the period decreases. Thus, the 

pendulum will swing too rapidly and the clock will run . 

10.13 We choose the radius as our linear dimension. Then, from , 

    

 or  

10.14 (a) The diameter is a linear dimension, so we consider the linear expansion of steel: 

   

 (b) If the volume increases by 1.000%, then . Then, using , where  is the 
volume expansion coefficient, we find 

     

10.15 From , the final value of the linear dimension is . To remove the ring from the 
rod, the diameter of the ring must be at least as large as the diameter of the rod. Thus, we require that 

  

 This gives  

 (a) If , 

     

  so  

 (b) If  

     

  and 
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10.16   

10.17 (a) Using the result of Problem 10.16, with , gives 

     

 (b) . Although the density of gold would be less on a warm day, the mass of the bar would be the same, regardless of 
its temperature, and that is what you are paying for. (Note that the volume of the bar increases with increasing tem-
perature, whereas its density decreases. Its mass, however, remains constant.) 

10.18 (a) When a wire undergoes a decrease in temperature of magnitude , it will attempt to contract by an amount 
. If the ends of the wire are held fixed, not allowing it to contract, the wire will develop a tension suffi-

cient to stretch it by the amount of its normal contraction, . This tension is 

     

  where Y is Young’s modulus for the wire material and A is the cross-sectional area of the wire. For the given steel 
wire, with , the tension that develops in the wire is 

     

 (b) As the temperature decreases while the wire is prevented from contracting, the stress that develops in the wire is 
. The decrease in temperature required to reach the elastic limit is 

     

  Thus, the temperature of the wire when it reaches its elastic limit is 

     

 (c) Observe that  in the calculations of parts (a) and (b). Thus, the results ob-
tained would not be changed if the initial length of the wire were doubled. 

10.19 The difference in Celsius temperature in the underground tank and the tanker truck is  

    

 If  is the volume of gasoline that fills the tank at 52.0°F, the volume this quantity of gas would occupy on the tanker 
truck at 95.0°F is 
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10.20 Consider a regular solid with initial volume given by  at temperature T0. Here, A is the cross-sectional area and L 
is the length of the regular solid. 

 When temperature undergoes a change , the change in the cross-sectional area is 
, giving . Similarly, the new length will be , 

so the new volume is 

    

 The term involving  is negligibly small in comparison to the other terms, so 

    

 This is of the form . 

10.21 (a) The volume of turpentine that overflows as the temperature rises equals the difference in the increase in the volume of 
the turpentine and the increase in the volume of the aluminum container. 

   

 (b) The volume of turpentine remaining in the cylinder at 80.0°C is the same as the volume of the aluminum cylinder at 
80.0°C. This is 

     

  or  

 (c) The volume of the aluminum cylinder when cooled back to 20.0°C will be . The volume of the remaining 
turpentine when cooled to 20.0°C will be 

     

  The fraction of the cylinder’s volume that is now empty will be 

     

  so, the empty height above the remaining turpentine at 20.0°C is 
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10.22 [Note that some rules concerning significant figures are deliberately violated in this solution to better illustrate the method of 
solution.] 

 Let L be the final length of the aluminum column. This will also be the final length of the quantity of tape now stretching 
from one end of the column to the other. In order to determine what the scale reading now is, we need to find the initial 
length this quantity of tape had at 21.2°C (when the scale markings were presumably put on the tape). 

 Thus, we let this initial length of tape be  and require that 

   , which gives 

    

 or   

 The measured length of the column, according to the markings on the tape, at 29.4°C is therefore . 

10.23 If allowed to do so, the amount the band (with initial length ) would contract as it cools to 37°C is . Since 
the band is not allowed to contract, it will develop a tensile stress given by 

    

 If  is the cross-sectional area of the band, the tension 
in the band will be 

  

10.24 (a) The expansion of the pipeline will be , or 

     

 (b) This is accommodated by  placed in the pipeline at periodic intervals. 

10.25 The drum and the carbon tetrachloride, both having an initial volume of , expand at different rates as the tem-
perature rises by , with  as the coefficient of volume expansion for the 
steel drum, we obtain 

    

 or  
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10.26 (a)  

 (b)  

  or   

 (c) Gasoline having a mass of  occupies a volume of  at 0°C and a volume of 
 at 20.0°C. The density of gasoline at 20.0°C is then 

     

 (d)  

 (e)  

10.27 (a) The gap width is a linear dimension, so it  in “thermal enlargement” as the temperature goes up. The gap 
expands in the same way the material removed to create the gap would have expanded. 

 (b) At 190°C, the length of the piece of steel that is missing, or has been removed to create the gap, is 
. This gives 

     

10.28 Each slab will undergo an increase in length of , and the gap between successive slabs must be at least this 
wide to accommodate this expansion. Thus, the minimum gap size should be 

    

 or  

10.29 (a) From the ideal gas law, , we find . Thus, if both n and V are constant as the gas is heated, the 
ratio  is constant, giving , or 

     

 (b) If both pressure and volume double as n is held constant, the ideal gas law gives 
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10.30 (a)  

 (b)  

 (c)  

 (d)  

 (e)  

   

 (f) Neglecting any change in volume of the tank, , and we have 

     

 (g)  

10.31 (a)  

  Thus, . 

 (b) Since both V and T are constant, , or 

     

10.32 (a) With , , , and , we find 

     

  and . 

 (b) If now, conditions inside the tire change so that  and , we form a new ratio to find 
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  and  

10.33 The initial and final absolute temperatures are 

    and  

 The volume of the tank is assumed to be unchanged, or . Also, two-thirds of the gas is withdrawn, so . 
Thus, from the ideal gas law, 

    

10.34 (a) The volume of the gas is , and the absolute temperature is 
. The ideal gas law then gives the number of moles present as 

     

 (b) The number of molecules present in the container is 

     

10.35 With n held constant, the ideal gas law gives 

    

 Since the volume of a sphere is , . 

 Thus,  

10.36 The mass of the gas in the balloon does not change as the temperature increases. Thus, 

    

 From the ideal gas law with both n and P constant, we find , and now have 
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10.37 The pressure 100 m below the surface is found, using , to be 

    

 The ideal gas law, with  constant, gives the volume at the surface as 

    

10.38 (a) We assume the density  can be written as , where n is the number of moles, V is the volume, and M is 
the molar mass in kilograms per mole, while a, b, and c are constants to be determined by dimensional analysis. In 
terms of mass (M), length (L), time (T), and number of moles (N), the fundamental units of density are 

, those of n are , for volume , and molar mass . In 
terms of basic units, our assumed equation for density becomes 

      or   

  and equating the powers of each of the basic units on the two sides of the equation gives: 

     

  so our expression for density, derived by dimensional analysis is , or  where M is expressed 
in kilograms per mole. 

 (b) From the ideal gas law, , or . From the result of part (a), we may write , so the 

ideal gas law may be written in terms of the density of the gas as , where M is again expressed in kilo-
grams per mole. 

 (c) For carbon dioxide, . Then, if the pressure is 

, and , the density of the atmosphere on Venus 

is 

     

 (d) The density of the evacuated steel shell would be 

     

   

10.39 The average kinetic energy of the molecules of any ideal gas at 300 K is 
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10.40 Since the sample contains three times Avogadro’s number of molecules, there must be 3 moles of gas present. The ideal gas 
law then gives 

    

 The force this gas will exert on one face of the cubical container is 

    

10.41 One mole of any substance contains Avogadro’s number of molecules and has a mass equal to the molar mass, M. Thus, the 
mass of a single molecule is . 

 For helium, , and the mass of a helium molecule is 

    

 Since a helium molecule contains a single helium atom, the mass of a helium atom is 

    

10.42 (a) The rms speed of molecules in a gas of molar mass M and absolute temperature T is . Since the molar 

masses of  and  are  and , respectively, the desired ratio is 

     

 (b) Since the above ratio is larger than 1, . 

10.43 If , we must have , where  is Boltzmann’s constant and  is the 

mass of a molecule (for helium, ). Thus, the required absolute temperature is . 

 (a) To have  on Earth where , the required temperature for the helium gas is 

     

 (b) If  on the Moon where , the temperature must be 
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10.44 (a) The volume occupied by this gas is 

     

  Then, the ideal gas law gives 

     

 (b) The average kinetic energy per molecule in this gas is 

     

 (c) You would need to know the mass of the gas molecule to find its rms speed, which in turn requires knowledge of 
 

10.45 Consider a time interval of 1.0 min = 60 s, during which 150 bullets bounce off Superman’s chest. From the impulse-
momentum theorem, the magnitude of the average force exerted on Superman is 

    

10.46 From the impulse-momentum theorem, the average force exerted on the wall is 

    

 or  

 The pressure on the wall is then 

   

10.47 As the pipe undergoes a temperature change , the expansion toward the right of the horizontal 
segment is 

   

 The downward expansion of the vertical section is 

   

 The total displacement of the pipe elbow is 
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 at  

 or  

10.48 (a)  

 (b)  

 (c) The initial volume is  

   

10.49 The number of moles of  present is , where  and . Thus, at the given temperature 
 and pressure ( ), the volume will be 

   

10.50 Note that the moment of inertia of each object in Table 8.1 is of the form , where C is a constant, M is the mass of 
the object, and  is some length. As the temperature increases, the factors  are unchanged, while the value of the 
length measurement at temperature  is . Therefore, the percentage increase in the moment of inertia of 
the object is 

   

 or  

 (a) For copper, with  and  

     

 (b) For aluminum, with  and  

     

 (c) The moment of inertia for each of the shapes has the same mathematical form: the product of a constant, the mass, and 
the square of a length. 
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10.51 For a temperature change  on the Fahrenheit scale, the corresponding temperature change on the Celsius 
scale is 

    

 Therefore, if , the final length of the beam is 

    

10.52 When air trapped in the tube is compressed, at constant temperature, into a cylindrical volume 0.40 m long, the ideal gas law 
gives its pressure as 

    

 This is also the water pressure at the bottom of the lake. Thus,  gives the depth of the lake as 

    

10.53 The mass of  produced by three astronauts in 7.00 days is , and the number of 
moles of  available is 

    

 The recycling process will generate 520 moles of methane to be stored. In a volume of 
, the pressure of the stored methane is 

    

10.54 (a) The piston in this vertical cylinder has three forces acting on it. These are: (1) a downward gravitational force, mg, the 
piston’s own weight; (2) a downward pressure force, , due to the atmospheric pressure above the piston; and 
(3) an upward pressure force, , due to the absolute pressure of the gas trapped inside the cylinder. Since the 
piston is in equilibrium, Newton’s second law requires 

      or    [1] 

  From the ideal gas law, the absolute pressure of the trapped gas is 

      [2] 

  Substituting Equation [2] into [1] yields 
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 (b) From Equation [1] above, the absolute pressure inside the cylinder is  

  where  is atmospheric pressure. This is  because . 

 (c) Observe from the result of part (a) above, if the absolute temperature T increases, 
 

10.55 (a) As the acetone undergoes a change in temperature , the final volume will be 

     

 (b) When acetone at 35°C is poured into the Pyrex flask that was calibrated at 20°C, the volume of the flask temporarily 
expands to be larger than its calibration markings indicate. However, the coefficient of volume expansion for Pyrex 

 is much smaller than that of acetone . Hence, the temporary in-
crease in the volume of the flask will be much smaller than the change in volume of the acetone as the materials cool 
back to 20°C, and this change in volume of the flask  

10.56 If  is the initial gauge pressure of the gas in the cylinder, the initial absolute pressure is , where  is atmos-
pheric pressure. Likewise, the final absolute pressure in the cylinder is , where  is the final gauge pressure. 
The initial and final masses of gas in the cylinder are  and , where  is the number of moles of gas 
present and M is the molar mass of this gas. Thus, .  

 We assume the cylinder is a rigid container whose volume does not vary with internal pressure. Also, since the temperature 
of the cylinder is constant, its volume does not expand nor contract. Then, the ideal gas law (using absolute pressures) with 
both temperature and volume constant gives 

    

 and in terms of gauge pressures, 

   

10.57 (a) The volume of the liquid expands by  and the volume of the glass flask expands by 
. The amount of liquid that must overflow into the capillary is 

. The distance the liquid will rise into the capillary is then 

     

 (b) For a mercury thermometer,  and (assuming Pyrex glass), 

. Thus, the expansion of the mercury is 

, making it a rather good approximation to neglect the expansion of the 
flask. 
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10.58 (a) The initial absolute pressure in the tire is , and the final absolute pressure is 
. 

  The ideal gas law, with both  constant, gives 

     

(b) When the quantity of gas varies, while volume and temperature are constant, the ideal gas law gives . Thus, 

when air is released to lower the absolute pressure back to 2.80 atm, we have 

(c)      

  At the end, we have 87.5% of the original mass of air remaining, or  was released. 

10.59 After expansion, the increase in the length of one span is 

  

    

 giving a final length of  

 From the Pythagorean theorem, 

    

10.60 (a) From the ideal gas law,  

  The initial conditions are: 

     

  The final conditions are: 

     

  Thus,   

  or   
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  Simplifying and using the quadratic formula yields 

     

 (b)   

10.61 (a) The two metallic strips have the same length  at the initial temperature . After the temperature has changed by 
, the lengths of the two strips are 

      and   

  The lengths of the circular arcs are related to their radii by  and , where  is measured in radians. 

  Thus,  , or  

 (b) As seen in the above result, . 

 (c) If , then  is negative so . 

10.62 (a) If the bridge were free to expand as the temperature increased by  the increase in length would be 

     

 (b) When the bridge is not allowed to expand naturally, stress builds up in the bridge, effectively compressing it the dis-
tance  that it would normally have expanded. Combining the defining equation for Young’s modulus, 

     

  with the expression, , for the linear expansion when the temperature changes by  yields 

     

 (c) When  the stress in the specified bridge would be 

     

  Since this is considerably less than the maximum stress, , that concrete can withstand, 
. 
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10.63 (a)  Since no external torque acts on the disk, the angular momen-
tum of the disk will be conserved. As the disk cools, its radius, and hence its moment of inertia will decrease. Then, in 
order to keep angular momentum ( ) constant, the angular speed must increase. 

 (b) Since angular momentum is conserved,  or . Thus, 

     

  or 

     

10.64 Let container 1 be maintained at  while the temperature of container 2 is raised to 

 Both containers have the same constant volume, V, and the same initial pressures, 

. As the temperature of container 2 is raised, gas flows from one container to the other until the final pres-
sures are again equal, . The total mass of gas is constant, so 

    [1] 

 From the ideal gas law, , so Equation [1] becomes 

    

 Thus, 

    


