
Phy 202: Heat and Thermodynamics January, 30, 2012

Assignment 1: Kinetic Theory And Gas Laws

Q.1 The equation of state of an ideal gas is PV = nRT , where n and R are constants.

a). Show that volume expansivity β = 1
V
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is equal to 1
T

.

b). Show that isothermal compressibility κ = − 1
V
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is equal to 1
P

.

c). The equation of state of a vander Waals gas is given as,(
P +

n2

V 2
a

)
(V − bn) = nRT

Repeat part (a) and (b) for this equation of state.

d). The vander Waals constants for He are,

a = 0.0346 bar.L2/mol2

b = 0.0238 L/mol

Find the volume of 0.5 moles of helium at temperature of 300K and pressure of 100 atm.

e). What is the percentage error in using the ideal gas equation instead of vander Waals

equation? Under what conditions vander Waals equation is a better approximation?

f). Use Matlab/ Mathematica to plot V vs N for N = 1 to 100, keeping P = 100 atm, for

ideal gas and Vander Waals equation.

Q.2 Two ideal gases are enclosed in a container. There are two moles of first gas with molar

mass M1. While there are 0.5 moles of second gas with molar mass M2, where M2 = 3M1.

What fraction of the total pressure on the container wall is attributable to the second gas?

(The kinetic theory explanation of pressure leads to the experimentally discovered law of

partial pressure for a mixture of gases that do not react chemically. The total pressure

exerted by the mixture is equal to the sum of the pressures that the several gases would

exert separately if each were to occupy the vessel alone.)

Q.3 At OoC and 1.000 atm pressure the densities of air, oxygen and nitrogen are,

respectively, 1.293 kg/m3, 1.429 kg/m3 and 1.250 kg/m3. Calculate the fraction by mass of

nitrogen in the air from these data, assuming only these two gases to be present.

Q.4 Write short answers to the following questions.

a). An ideal gas is originally confined to a volume V1 in an insulated container of volume
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V1 + V2. The remainder of the container is evacuated. The partition is then removed and

the gas expands to fill the entire container. If the initial temperature of the gas was T ,

what is the final temperature? Justify your answer.

b). An insulated chamber is divided into two halves of volumes. The left half contains an

ideal gas at temperature To and the right half is evacuated. A small hole is opened between

the two halves, allowing the gas to flow through, and the system comes to equilibrium. No

heat is exchanged with the walls. What is the final temperature of the system?

c). Two equal-size rooms communicate through an open door-way. However the average

temperatures in the two rooms are maintained at different values. In which room is there

more air?

d). Consider a hot, stationary golf ball sitting on a tee and a cold golf ball just moving off

the tee after being hit. The total kinetic energy of the molecules’motion relative to the tee

can be the same in the two cases. Explain how. What is the difference between the two cases?
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