HW #1
Please study together and work independently.  Due Friday, Sep. 4.
Motivation for the 1st two problems.  In class we heard the comment that moist air is denser with water vapor than it is without water vapor.  This is certainly true of a sponge – a moist sponge is denser because it expels the less dense air in the sponge’s openings with more dense water.  But is this a good model for what happens in the air?  There’s a series of arguments you can construct with what we’ve learned this first week to explore this natural thought.  The first is that you’re simply adding molecules to the air, thus increasing density and pressure.  The counterargument is that pressure is fixed by the column burden of mass (by the hydrostatic equation) and thus you’re expelling heavier N2 and O2 molecules and replacing them with lighter H2O molecules.  The counter-argument to this is that by adding H2O to the atmosphere, you’re adding mass to the atmosphere and thus hydrostatic pressure (and density).

Let’s see how these arguments play out for an idealized, but representative situation…

1.  The world’s atmosphere has an average of about 100 kg m-2 of water vapor.

a. What is the average molecular weight of air, accounting for this?  Compare this to the dry molecular weight.
b. If all this water precipitated out of the atmosphere, what would the new global average surface pressure be?

c. Assuming all this water ran out into the ocean, what would be the rise in sea level?  Assume the ocean covers 70% of the Earth’s surface and the density of water is 1000 kg m-3.

2.  Compare the new surface air density with the moist case.  Before starting, however, note that water is not distributed homogeneously through the troposphere.  Assume that the water has a scale height of 3 km in the atmosphere before estimating surface density.  This means that 

nH2O (z) = nH2O(surface)exp(-z/3 km).
3.  Using arguments from the above discussion, consider a 20 m high football stadium at 925 mb and 30 °C.  Just before the game, the crew waters the field.  If we assume that the temperature stays the same, but the water vapor goes up from 1% to 3%, what is the effect on air density?  Now, if we consider that the watering also cooled down the air (due to evaporation) by 5°C…. what is the air density now?
4.  Derive the relationship between pressure and altitude for some arbitrary lapse rate of , assuming a surface temperature of T0.  What is the effect on 10 km pressure of increasing T0 by 1 K, if T0 is 288 K initially, and  = 6.5 km?
