ATM S 101 MIDTERM EXAM 2 SOLUTION.   

Winter 2004

Limit your answers to the spaces provided.

1.
Explain why pressure decreases with height (i.e. as you go up) both in the atmosphere and in the ocean.  

In the vertical, the force of gravity pulls the atmosphere and ocean toward the 'center of the Earth'. The ocean and atmosphere aren’t accelerating toward the center of the Earth because this force is balanced by a net pressure gradient (force per unit area) that pushes the air and ocean toward space.

The rate which the air/ocean pressure decreases as you go away from the center of the Earth depends on the density of the fluid, which is also a function of pressure and temperature (and for the ocean, salt).

[3 pts]

2a.
Explain why the sky is blue. 

Selective scattering of blue wavelengths by the air molecules result in a blue sky.  When visible light enters the atmosphere, blue scatters about 5 and a half times more intensity than red light (this is due to Rayleigh scattering, which is important when the size of the wavelength of light is comparable to the diameter of the scatterer).  

Note:  Other colors (reds, yellow, orange, and green) in the visible spectrum are not absorbed by the air molecules leaving blue to be reflected.  The atmosphere absorbs very little visible radiation.  

 b.
Explain why the sky is red at sunrise and sunset.  

At sunrise and sunset, the path that the light must travel from the top of the atmosphere to the eye of an observer is very long.  Over such a long distance the light must travel through more air molecules (hence more scatterers).  Blue light scatters out of the beam in all other directions and the observer sees a red sky.  

 [4 pts]

3.
When you look up at the nighttime sky, you’ll often see twinkling stars.  Explain why the stars twinkle.

Light emitted by stars (not reflected!) travels though the atmosphere and gets bent (refracted) when it encounters a change in density.  The density of the air through which the light passes may change quickly due to air circulations.  This results in the light path changing rapidly, which causes the twinkling effect.  

 [2 pts]

4
In chemistry class, you heat a sealed glass container of air and it eventually explodes.  Considering the ideal gas law, explain why this would happen.  

The ideal gas law relates pressure, temperature, and density:  P = ρ R T. 

A sealed glass container has a fixed density (ρ).  Because no mass is added, the volume is fixed.  As you heat the container, the temperature of the gas increases.  From the ideal gas law, you know that pressure will then increase since ρ and R are both constant.

The pressure pushing out from the inside of the bottle may become large enough compared to the pressure on the outside of the bottle pushing in, that the glass will shatter due to the net outward force.   

Note:  Gas always fills a volume.  Therefore, when the air is heated in a fixed volume, the gas cannot expand! 

[3 pts]

5. Define the following terms:

a) vapor pressure

It is the partial pressure due to the presence of water vapor molecules in the air.

b) saturation vapor pressure

At a given temperature, it is the vapor pressure needed for equilibrium over a flat water surface (aka saturation).

[4 pts]

6.
On a foggy morning in Seattle, the temperature is 40 degrees F.  Which of the following is most likely to be the dewpoint?

32F
40F
50F

Justify your answer.    

Dewpoint is the temperature that air must be cooled to become saturated.  All types of fog occur when the temperature of the air reaches the dewpoint (or very close--fog rarely forms if the difference between the temperature and the dewpoint is over 4F).  

Additional Notes:  On a 40-degree day, if the dewpoint is 32F, then the air is unsaturated.  If the dewpoint is 40 degrees, then the air is saturated and fog occurs.  The dewpoint is unlikely to be 50F, i.e. 10 degrees above the temperature.  If this were the case, the air would be very supersaturated.  Condensation occurs in the atmosphere at relative humidity near 100% because there is an abundance of condensation nuclei.  Thus, the temperature doesn't need to fall 10 degrees below the dewpoint in order for fog to occur.  

[2 pts]

7.
The temperature of environmental air decreases by 3C for every kilometer you go up.  The moist adiabatic lapse rate is 4C per kilometer and the dry adiabatic lapse rate is 10C per kilometer.  

  a.  How will the temperature of a dry parcel rising from the surface compare to the environmental temperature?

The dry parcel will be cooler than the environment and the difference in temperature increases as the parcel moves further up.

  b.  How will the temperature of a saturated parcel rising from the surface compare to the environmental temperature?  

The saturated parcel will also be cooler than the environment and the difference in temperature increases as the parcel moves further up.

  c.  At 1 kilometer, will the dry parcel be warmer, cooler, or the same temperature as the saturated parcel?  Explain your answer.  

The dry parcel will be cooler. As the saturated parcel is lifted, condensation occurs and this process warms the air. Therefore, it doesn't cool as fast as the dry parcel.

  d.  Would this environmental temperature profile be considered stable, conditionally unstable, or absolutely unstable?  Explain your answer.  

Stable, since regardless of their moisture content the air parcels are cooler and, therefore, denser and the environment. Therefore they will tend to sink back down after been lifted.

  e.  If a cloud forms on this day, what 'type' of cloud would you expect, stratus or cumulus? Explain your answer.

Stratus, since they are the most common in stable conditions. Cumulus clouds require vertical motions, which are inhibited in stable conditions.

[8 pts]

8. 
What are cloud condensation nuclei?  Why is cloud formation easier in the presence of cloud condensation nuclei?  Explain your answer in terms of the solute and curvature effects.  

[4 pts]

9. Explain why the ozone hole is prominent over Antarctica and not over the midlatitudes. (Use all of the following keywords in your answer: “polar stratospheric clouds”, “polar vortex”, and “reservoir species”)

Ozone is destroyed by a catalytic reaction involving chlorine or bromine atoms.  In most of the atmosphere, however, these destructive atoms react with other chemicals such as nitrogen to form stable reservoir species.  This prevents the chlorine atoms from destroying ozone.  Antarctica is unique because of its extremely cold winter temperatures and the existence of the polar vortex, a swirling mass of air that doesn’t mix with air from the rest of the atmosphere.  In this cold, isolated air mass, polar stratospheric clouds form and then descend through the atmosphere, collecting nitrogen and water so that these molecules cannot form reservoir species with the chlorine.  Also, a chemical reaction on the surface of the polar stratospheric clouds breaks apart reservoir species so that the nitrogen stays on the cloud while Cl2 gas is released.  Then, when the sun rises in the spring, the ultraviolet rays split the Cl2 into chlorine atoms, which destroy ozone.

[5 pts]

10.  The following sketch represents a northern hemisphere low-pressure center in the upper troposphere. The contours are isobars (lines of constant pressure) and the L indicates the region of minimum pressure.  At each of the locations A and B:

a. 
Draw arrows representing the direction of the wind.

b.         Draw arrows indicating the direction of the pressure gradient force (PGF) and Coriolis force (CF). Label each arrow appropriately.

c.        At which location will the wind speed be higher? Explain.

c. at B, because the isobars are closer together, which means the pressure gradient is stronger so the wind speed must be greater so that the coriolis force can balance the pressure gradient force.
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[6 pts]

11.  Explain how the sea breeze circulation develops and sketch it in the following picture.  Be sure to label the regions of higher and lower temperature, and colder and warmer air. Use arrows to indicate the direction of the airflow.

A sea breeze develops for the following reasons:

        Under equal amounts of insolation received, the land heats faster than  the sea/ocean. This is because of specific heat differences and (mainly) the amount of mass that is heated by the sun.  (1pt)

        The differential surface temperatures of land and water create differential heating of the atmosphere above these locations (via terrestrial radiation diffs and turbulent heat diffs).   (1pt)

        The warmer air over land creates horizontal pressure differences aloft  that force air offshore, decreasing  (increasing) the pressure at the surface over land (water,  thereby causing a horizontal pressure gradient at the surface. The latter forces the air at the surface to flow from the water to the land -- the sea breeze (2pts).

           For the sketch (H and L, warm and cold, wind direction) (1pt).
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[5 pts]
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