PHYO001 Thermodynamics
Chapter 21
Selected Problems

1. (a) How many atoms of helium gas fill a spherical balloon of diameter 30.0
cm at 20.0°C and 1.00 atm?
(b) What is the average kinetic energy of the helium
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2. A cylinder contains a mixture of helium and argon gas in equilibrium at
150°C. (a) What is the average kinetic energy for each type of gas molecule?
(b) What is the rms speed of each type of molecule?
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4. In an ultrahigh vacuum system (with typical pressures lower than 10”7
pascal), the pressure is measured to be 1.00 x 102 torr (where 1 torr = 133
Pa). Assuming the temperature is 300 K, find the number of molecules in a
volume of 1.00 m3.
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5. A spherical balloon of volume 4.00 x 103 cm3 contains helium at a pressure
of 1.20 x 10° Pa. How many moles of helium are in the balloon if the average
kinetic energy of the helium atoms is 3.60 x 1022 J?
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10. The rms speed of an oxygen molecule (O2) in a container of oxygen gas is
625 m/s. What is the temperature of the gas?
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14. In a constant-volume process, 209 J of energy is transferred by heat to 1.00
mol of an ideal monatomic gas initially at 300 K. Find (a) the work done on the
gas, (b) the increase in internal energy of the gas, and (c) its final temperature.
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17. A 1.00-mol sample of hydrogen gas is heated at constant pressure from
300 K to 420 K. Calculate (a) the energy transferred to the gas by heat, (b) the
increase in its internal energy, and (c) the work done on the gas.
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26. A 2.00-mol sample of a diatomic ideal gas expands slowly and adiabatically
from a pressure of 5.00 ATM and a volume of 12.0 L to a final volume of 30.0 L.
(a) What is the final pressure of the gas? (b) What are the initial and final
temperatures? Find (c) Q, (d) AEint, and (e) W for the gas during this process.
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28. How much work is required to compress 5.00 mol of air at 20.0°C
and 1.00 atm to one-tenth of the original volume (a) by an isothermal
process? (b) What If? How much work is required to produce the same
compression in an adiabatic process? (c) What is the final pressure in
part (a)? (d) What is the final pressure in part (b)?
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35. Helium gas is in thermal equilibrium with liquid helium at 4.20 K.
Even though it is on the point of condensation, model the gas as ideal
and determine the most probable speed of a helium atom (mass = 6.64
x10-27 kg) in it.
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38. Two gases in a mixture diffuse through a filter at rates proportional
to their rms speeds. (a) Find the ratio of speeds for the two isotopes of
chlorine, 33Cl and 37Cl, as they diffuse through the air. (b) Which isotope
moves faster?
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31. During the power stroke in a four-stroke automo-
bile engine, the piston is forced down as the mixture
of combustion products and air undergoes an adia-
batic expansion. Assume (1) the engine is running at
2 500 cycles/min; (2) the gauge pressure immediately
before the expansion is 20.0 atm; (3) the volumes of the
mixture immediatelv before and after the expansion
are 50.0 cm* and 400 cm?®, respectively (Fig. P21.31);
(4) the time interval for the expansion is one-fourth
that of the total cycle; and (5) the mixture behaves like
an ideal gas with specific heat ratio 1.40. Find the aver-
age power generated during the power stroke.

Figure P21.31
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