PHYO001 Thermodynamics
Chapter 20.1, 2,3
Selected Problems

1. A 55.0-kg woman eats a 540 Calorie (540 kcal) jelly doughnut for breakfast.
(a) How many joules of energy are the equivalent of one jelly doughnut?

(b) How many steps must the woman climb on a very tall stairway to change
the gravitational potential energy of the woman—Earth system by a value
equivalent to the food energy in one jelly doughnut?

Assume the height of a single stair is 15.0 cm. (c) If the human body is only
25.0% efficient in converting chemical potential energy to mechanical energy,
how many steps must the woman climb to work off her breakfast?
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3. A combination of 0.250 kg of water at 20.0°C, 0.400 kg of aluminum at
26.0°C, and 0.100 kg of copper at 100°C is mixed in an insulated container and
allowed to come to thermal equilibrium. Ignore any energy transfer to or from
the container. What is the final temperature of the mixture?
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5. What mass of water at 25.0°C must be allowed to come to thermal
equilibrium with a 1.85-kg cube of aluminum initially at 150°C to lower the
temperature of the aluminum to 65.0°C? Assume any water turned to
steam subsequently condenses.
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9. An aluminum cup of mass 200 g contains 800 g of water in thermal
equilibrium at 80.0°C. The combination of cup and water is cooled uniformly
so that the temperature decreases by 1.50°C per minute. At what rate is
energy being removed by heat? Express your answer in watts.
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10. If water with a mass my at temperature Tp is poured into an aluminum cup
of mass ma containing mass m. of water at T, where T, > T, what is the
equilibrium temperature of the system?
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13. An aluminum calorimeter with a mass of 100 g contains 250 g of water.
The calorimeter and water are in thermal equilibrium at 10.0°C. Two metallic
blocks are placed into the water. One is a 50.0-g piece of copper at 80.0°C. The
other has a mass of 70.0 g and is originally at a temperature of 100°C. The
entire system stabilizes at a final temperature of 20.0°C. (a) Determine the
specific heat of the unknown sample. (b) Using the data in Table 20.1, can you
make a positive identification of the unknown material? Can you identify a
possible material? (c) Explain your answers for part (b).
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15. Two thermally insulated vessels are connected by a narrow tube fitted
with a valve that is initially closed as shown in Figure P20.15. One vessel of
volume 16.8 L contains oxygen at a temperature of 300 K and a pressure

of 1.75 atm. The other vessel of volume 22.4 L contains oxygen at a
temperature of 450 K and a pressure of 2.25 atm. When the valve is opened,
the gases in the two vessels mix and the temperature and pressure

become uniform throughout. (a) What is the final temperature? (b) What is
the final pressure?
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16. A 50.0-g copper calorimeter contains 250 g of water at 20.0°C. How
much steam at 100°C must be condensed into the water if the final
temperature of the system is to reach 50.0°C?
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18. How much energy is required to change a 40.0-g ice cube from ice
at-10.0°C to steam at 110°C?
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21. Steam at 100°C is added to ice at 0°C. (a) Find the amount of ice
melted and the final temperature when the mass of steam is 10.0 g and
the mass of ice is 50.0 g.

(b) What If? Repeat when the mass of steam is 1.00 g and the mass of
ice is 50.0 g.
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22. A 1.00-kg block of copper at 20.0°C is dropped into a large vessel of
liquid nitrogen at 77.3 K. How many kilograms of nitrogen boil away by
the time the copper reaches 77.3 K? (The specific heat of copper is
0.092 0 cal/g . °C, and the latent heat of vaporization of nitrogen is 48.0
cal/g.)
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PHYO001 Thermodynamics
Chapter 20.4,5, 6
Selected Problems

25. An ideal gas is enclosed in a cylinder with a movable piston on top of it.
The piston has a mass of 8 000 g and an area of 5.00 cm? and is free to slide up
and down, keeping the pressure of the gas constant. How much work is done
on the gas as the temperature of 0.200 mol of the gas is raised from 20.0°C to
300°C?
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27. One mole of an ideal gas is warmed slowly so that it goes from the PV state
(Pi, Vi) to (3P;, 3V;) in such a way that the pressure of the gas is directly
proportional to the volume. (a) How much work is done on the gas in the
process? (b) How is the temperature of the gas related to its volume during
this process?
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29. An ideal gas is taken through a quasi-static process described by P = a V ?,
with a = 5.00 atm/mS®, as shown in Figure P20.29. The gas is expanded to twice
its original volume of 1.00 m3. How much work is done on the expanding gas in
this process?
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30. A gas is taken through the cyclic process P (kPa)
described in Figure P20.30. (a) Find the net 8
energy transferred to the system by heat during
one complete cycle. (b) What If? If the cycle is
reversed—that is, the process follows the path 4
ACBA—what is the net energy input per cycle by
heat? -
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34. A sample of an ideal gas goes
through the process shown in Figure
P20.34. From A to B, the process is
adiabatic; from B to C, it is isobaric
with 345 kJ of energy entering the
system by heat; from Cto D, the
process is isothermal; and from D to
A, it is isobaric with 371 kJ of energy
leaving the system by heat. Determine the difference in internal energy E ints -

|
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35. A 2.00-mol sample of helium gas initially at 300 K, and 0.400 atm is
compressed isothermally to 1.20 atm. Noting that the helium behaves as an
ideal gas, find (a) the final volume of the gas, (b) the work done on the gas,
and (c) the energy transferred by heat.
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38. One mole of an ideal gas does 3 000 J of work on its surroundings as it
expands isothermally to a final pressure of 1.00 atm and volume of 25.0 L.
Determine (a) the initial volume and (b) the temperature of the gas.
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39. A 1.00-kg block of aluminum is warmed at atmospheric pressure so that its
temperature increases from 22.0°C to 40.0°C. Find (a) the work done on the
aluminum, (b) the energy added to it by heat, and (c) the change in its internal
energy.
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41. An ideal gas initially at P;, Vi, and T; is taken P
through a cycle as shown in Figure P20.41. (a) Find the  sp.| & ¢
net work done on the gas per cycle for 1.00 mol of gas

initially at 0°C. (b) What is the net energy added by heat
to the gas per cycle? P,
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PHYO001 Thermodynamics
Chapter 20.7
Selected Problems

43. A glass windowpane in a home is 0.620 cm thick and has dimensions of
1.00 m x 2.00 m. On a certain day, the temperature of the interior surface of
the glass is 25.0°C and the exterior surface temperature is 0°C. (a) What is the
rate at which energy is transferred by heat through the glass? (b) How much
energy is transferred through the window in one day, assuming the
temperatures on the surfaces remain constant?
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46. The surface of the Sun has a temperature of about 5 800 K. The radius of
the Sun is 6.96 x 108 m. Calculate the total energy radiated by the Sun each
second. Assume the emissivity of the Sun is 0.986.
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47. The tungsten filament of a certain 100-W lightbulb radiates 2.00 W of light.
(The other 98 W is carried away by convection and conduction.) The filament
has a surface area of 0.250 mm? and an emissivity of 0.950. Find the filament’s
temperature. (The melting point of tungsten is 3 683 K.)
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51. A copper rod and an aluminium rod of equal diameter are joined end to
end in good thermal contact. The temperature of the free end of the copper
rod is held constant at 100°C and that of the far end of the aluminum rod is
held at 0°C. If the copper rod is 0.150 m long, what must be the length of the
aluminium rod so that the temperature at the junction is 50.0°C?
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53. (a) Calculate the R-value of a thermal window made of two single panes of
glass each 0.125 in. thick and separated by a 0.250-in. air space. (b) By what
factor is the transfer of energy by heat through the window reduced by using
the thermal window instead of the single-pane window? Include the
contributions of inside and outside stagnant air layers.
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55. A bar of gold (Au) is in thermal contact with a bar of silver (Ag) of the same
length and area (Fig. P20.55). One end of the compound

bar is maintained at 80.0°C, and the opposite end is at (_800°C )
30.0°C. When the energy transfer reaches steady state, .
what is the temperature at the junction?
Insulation
30.0°C

Figure P20.55
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