
AOSC 620 Homework #4

1. Downslope winds in North America are called a chinook, an Indian term for “snow eater.” A 
chinook often occurs with the mountains blanketed in cloud but with clear skies leeward. 
Consider the following synoptic situation: Moist air originating in the eastern Pacific is 
advected over the western United States, where it is forced over the continental divide. On the 
windward side, the surface lies at 800 hPa, where the temperature and mixing ratio are 20 °C 
and 15 g kg−1, respectively. If the summit lies at 600 hPa and if any condensate that forms 
precipitates out, determine:

(a) The surface air temperature at Denver, which lies at 830 hPa.
(b) The mixing ratio at Denver.
(c) The relative humidity at Denver.

2. A refrigerator having an interior volume of 2.0 m3 is sealed and switched on. If the air initially 
has a temperature of 30 °C and a relative humidity of 50%, determine:

(a) The temperature at which condensation forms on the walls
(b) How much moisture will have condensed when the temperature reaches 2 °C
(c) How much heat must be rejected to the surroundings to achieve the final state in (b).

3. Derive an expression for the change of relative humidity with respect to height. Prove that in a 
well-mixed, unsaturated layer of air the relative humidity will always increase with height. 
Assume a well-mixed layer, evaluate the expression for T = 250 K and f = 50%.

4. Equal masses of two samples of air are thoroughly mixed and a fog is observed to form. The 
first sample has a temperature of 30 °C with 90% relative humidity; the second a temperature of
2 °C with 80% relative humidity. Assuming that the mixing occurs isobarically at 1000 mb, 
determine the temperature of the foggy air and its liquid water content, in grams of water per 
kilogram of air. Saturation vapor pressure as a function of temperature is as follows:

T (°C) es (mb) T (°C) es (mb)

0 6.11 16 18.18

2 7.06 18 20.64

4 8.14 20 23.39

6 9.35 22 26.44

8 10.73 24 29.85

10 12.28 26 33.63

12 14.03 28 37.82

14 15.99 30 42.45



5. The following sounding was obtained in central Alberta at a time when thunderstorms were 
developing.

Pressure (mb) Temperature (°C) Dew point (°C)

910 (surface) 23.5 14.5

850 17.0 12.5

800 12.5 10.8

770 10.0 6.0

745 10.0 -1.5

660 2.0 -10.0

555 -10.0 -13.0

525 -12.0 -19.0

500 -13.0 -18.0

400 -24.5 -30.5

300 -39.5 –

215 -55.0 –

190 -53.0 –

180 -49.0 –

125 -53.0 –

(a) Consider the air at the surface level. For this air, determine the following quantities:

 (1)potential temperature
 (2)density
 (3)mixing ratio
 (4)relative humidity
 (5)virtual temperature
 (6)equivalent temperature
 (7)equivalent potential temperature
 (8)web-bulb temperature
 (9)wet-bulb potential temperature
 (10) isentropic condensation temperature

(b) Suppose a parcel of air from 910 mb ascends adiabatically.

 (1)At what pressure would condensation be reached?
 (2)Assuming ascent to continues beyond the condensation level, what would be the 

adiabatic liquid water content at 500 mb?
 (3)What would be the increase in entropy of the parcel by the time 500 mb is reached?
 (4)What would be the amount of latent heat released by the time 500 mb is reached?
 (5)Estimate the vertical velocity of the parcel at 500 mb, neglecting friction and the mass of

condensed water.

(c) What is the amount of columnar water vapor between the surface and 500 mb?


