Atmospheric Circulation: Concepts and Patterns  ANSWER KEY                      
1.  A student places water in two beakers (draw water lines in if you wish) and seals them. One beaker is next to a lighted lamp. 
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Which beaker has the greater interior air pressure?  Why?
The beaker next to the lamp has the greater air pressure. Water molecules in this beaker are warmer due to the lamp’s heating effect. Warmer molecules have more kinetic energy; enough molecules will have sufficient energy to evaporate that they will create a higher pressure. (Another way to say this is that the water in the heated beaker has a higher vapor pressure.) Pressure = force per unit area, which can be thought of as the pressure of molecules impinging on the beaker walls. (The more molecules, the more molecular “hits” per unit area.)
2.  The student unseals the beakers.  What happens?  Draw arrows to represent air movement.
Air will escape from the warmer beaker until the pressure inside equals the ambient atmospheric pressure. No net exchange of air will occur in the unheated beaker, provided the room temperature and pressure have not changed once the beaker was sealed.
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3. The student now fills a flask with dry air (21% O2; 79% N2) and seals it. She fills an identical flask with wet air (2% H2O; 20% O2; 78% N2). Both are at the same internal temperature and pressure, meaning both have the same number of gas molecules.   
The instructor may need to remind students about atomic masses: H = 1.0; N=14.0; O = 16.0 ; and  molecular masses: H2O = 18.0; N2 = 28.0;  O2 = 32.0
(students who have taken chemistry can usually explain this to others)
a.  Which air sample has the greater mass?  
The dry air, since it has more of the gases with higher mass. (Average molecular mass, dry air = (0.21*32.0) + (0.79*28.0) = 28.8; wet air = (0.02*18)+(0.20*32)+(0.78*28) = 28.6
b.  Which air sample has the greater density?
Density = mass/volume; since each beaker has the same volume, only the masses of air differ. Density is thus greater in the dry air beaker, which has a greater mass of gas.
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4.  Now imagine a water-covered, non-rotating planet. Suns surround the planet, so it receives maximum insolation at the equator and minimum insolation at the poles. The planet has an atmosphere similar to Earth’s.  On this planet, just as on Earth, air temperature in the lower atmosphere decreases with altitude.
· Draw arrows to represent air movement – this may be easiest to do in cross section at the edges of the planet diagram below.
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5.  Based on your answers on the first page, which column of air below will exert the most pressure at its base?

From above, students know that warm air of the same composition has less mass, and that wet air of the same temperature and pressure has less mass. Therefore warm, wet air has the least mass (and molecules) per unit volume, and will exert the least pressure at the base. 
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6.  Where on the imaginary planet above will the atmosphere exert the most pressure on planet’s surface?  The least?   The most pressure will be at the planet’s poles, and the least will be at the planet’s surface.



	Areas of high pressure at the base of the atmosphere are atmospheric “highs” while area of low pressure at the base of the atmosphere are atmospheric “lows”.  

Indicate the atmospheric highs and lows on the imaginary earth diagram at right.
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7.  Surface winds blow from atmospheric highs to atmospheric lows.  On the imaginary planet, which way do the surface winds blow?  Indicate this below:
The surface winds blow from
the poles to the equator.

8.  Suppose the imaginary earth starts rotating to the east, around its poles.  What happens to the surface winds?  Indicate this below:
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The polar winds will start deflecting westward, though this is an  oversimplification. Given time, this planet will develop the three-cells-per-hemisphere circulation that exists ideally on Earth.  If students don’t know about the Coriolis deflection, try demonstrating with a globe. One student can spin the globe, and the other can trace the path of an air mass starting from a pole and heading towards the equator. 
9.  How does this planet compare to Earth? 
This is a good place to resume class discussion. Of course, suns do not surround Earth, and water does not completely cover it. Earth does however, have an equator-to-pole temperature gradient and warm moist air at its equator.   
One can emphasize that multiple circulation cells will eventually develop on the model planet above, as they exist on Earth. (This is due to two factors: sinking air masses, and Coriolis deflection that increases with latitude. Coriolis deflection piles the upper air flow into a west-to-east direction and “short-circuits” the poleward air flow in the upper atmosphere.)  This is a good lead-in to explore the Coriolis effect. 

One can also extend this activity by asking students to determine the high and low pressure zones on an idealized pattern of Earth’s atmospheric circulation. A further extension is to ask which direction the surface winds generally blow, based on the pattern of highs and lows and Coriolis deflection. 
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