
1. The following table gives the approximate percentages by mass of the atmosphere’s main 
permanent gases. Using these data, show that the effective molecular weights of dry air is 28.96 
g/mole.

Gas Mol. wt. Mass, %

Nitrogen 28.016 75.57

Oxygen 32.000 23.15

Argon 39.944 1.28

2. A unit mass of dry air undergoes a Carnot cycle consisting of the following steps:
a) adiabatic compression from 60 kPa and 0 °C to a temperature of 25 °C;
b) isothermal expansion to a pressure of 70 kPa;
c) adiabatic expansion to a temperature of 0 °C;
d) isothermal compression to the original pressure of 60 kPa.

Calculate the work done by the air in this process. Confirm your result using the tephigram or 
another meteorological thermodynamic chart.

3. A polytropic process for an ideal gas is one in which pressure and volume are related by 
pVn=const., where n is a constant. It is a generalization of the special processes considered earlier. 
Thus n = 0 defines an isobaric process, n = cp/cv an adiabatic process, n = 1 an isothermal process, 
and n = ∞ an isochoric process. Suppose 1 kg of dry air at 280 K and 100 kPa undergoes a 
polytropic expansion in which the pressure falls to 70 kPa and the potential temperature increases 
by 10 K. Solve for

a) the value of n;
b) the change in internal energy of the air;
c) the work done by the air;
d) the heat absorbed by the air.

4. A 200-gram sample of dry air is heated isobarically. Its entropy increases by 19.2 J/K and the work 
done by expansion is 1.61 x 103 J. Solve for the final temperature of the air.

5. Consider moist air at a pressure of 1 atm and a temperature of 20 °C. Under these conditions, a 
relative humidity of 100% corresponds to a vapor pressure of 23.4 hPa. At that vapor pressure, air 
holds the maximum abundance of water vapor possible under the foregoing conditions and is said 
to be saturated. For this mixture, determine:

a) the molar fraction NH2O;
b) the mean molar weight M;
c) the mean specific gas constant R;
d) the absolute concentration of vapor ρH2O;
e) the mass mixing ratio of vapor rH2O;
f) the volume mixing ratio of vapor.


