ATMO 451a/551a MIDTERM #2
11/16/2009

Instructions:  This midterm is closed book, closed note, and you will have 50 minutes to complete it.  There are 5 short (equation, phrase, or short sentence) questions, worth 2 points each.  Do 3 of the long problems, worth 10 points each.  
SHORT ANSWER:

1.  Give the wavenumbers (in cm-1) and frequencies (in GHz) for light with wavelengths at 1 m and 10 m.
2.  The atmosphere has two spectral windows – one for solar radiation, and one for infrared radiation.  What are their approximate boundaries in wavelength?
3.    Consider a collimated (i.e. parallel beam) solar beam of intensity I0 and total irradiance S0 is incident upon a thin, horizontal atmospheric layer of vertical optical thickness d << 1.  Show that the absorptivity is insensitive to the solar zenith angle for  >> d, where  is the cosine of the solar zenith angle.
4.  Suppose we switched from using gasoline to H2 fuel cells, and this technology led to an order-of-magnitude increase in atmospheric H2 concentration.  Use your knowledge of quantum mechanics to argue (with 1 sentence) whether the added H2 would increase the greenhouse effect or not.
5.  If the amount of absorption by a gas in a spectral band (containing several absorption lines) increases with the square-root of the absorber amount, what does this tell you about the nature of absorption by the lines?
Remember – write out the equations first, pull out the calculator only at the end.

PROBLEMS:
1. The dark side of the moon is illuminated by the daylit side of the Earth.  Consider the case of the “full Earth” from the Moon’s perspective.  (This happens when there is a new moon from the Earth’s perspective.)  An observer on the moon sees an average intensity coming from the Earth that, if he/she assumed the Earth were Lambertian, would imply the albedo of the Earth was 35%.     Calculate the vertical flux (in W m-2) of Earthshine reaching a spot on the moon where Earth’s disc has an elevation above the horizon of 30°.  You may assume DME = 385,000 km; RE = 6,400 km; S0 = 1368 Wm-2
2.  The Earth’s effective radiating temperature is 255 K, its average albedo is 30%, and the peak wavelength of a blackbody at this temperature is ~ 11.4 m.  The distance between Mars and the Sun is 1.52  Earth’s distance from the Sun.  Suppose the peak wavelength of Mars’s emission is 15 m – the center of a very strong CO2 vibration-rotation absorption band.  Calculate the implied albedo for Mars given these data.  You may assume both planets emit as perfect blackbodies at their radiating temperatures.
3.  Use the following equation to explain the relevant features seen in Figure 1.
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4.  A ring-down spectrometer measures the mass absorption coefficient k, (m2 kg-1) for a single absorption line of CO2 at a single wavenumber  = 0 + , where 0 is the center of the absorption line.  It is known that a) the CO2 is well mixed; b) the line strength, S, is constant; and c) the line is Lorentz broadened with a line width of  = 0(p/p0)(To/T).
The spectrometer is placed on an ascending ballon to get a profile of k(p).   The increases from the surface to 500 mb, and then decreases thereafter.

What is the relationship between  and 0, assuming an isothermal atmosphere?
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