HW #5
Due Nov 13
1.  Based on the principles of quantum mechanics discussed in the course, what types of energy transitions do you expect from the following gases:  Ar, H2, CF3Cl, CF4.  What types of absorption bands from these species would be important for radiative transfer?  Make a ballpark guess as to where these spectral bands would occur in the solar and IR spectrum
2.  Consider some Lorentz-shaped absorption line at surface temperature and pressure, assuming that 0 = 1652 cm-1, s = 0.05 cm-1, and S = 1 m2 kg-1 cm.  The mixing ratio, r, of the absorber is 0.01.  Plot the optical depth as a function of wavenumber in the range of 0 +/- 0.3 cm-1, for an 8km horizontal path (i.e. constant T,p) through this gas.  What is the mass density (kg/m2) of the absorber along this path?

Now derive an expression for the optical depth in the vertical (to the top of the atmosphere), assuming Lorentz pressure broadening.  The line shape will obey  = s(p/ps)(Ts/T).  (i.e. N = 1).  S and r are constant with height.  Assume an atmosphere where number concentration decays exponentially in the vertical with a scale height of 8 km (this assumption is the same as saying what about the vertical profile of temperature?).  Plot this optical depth on the same graph as for the horizontal path case.  What is the mass density of the absorber for the column?
For both curves, calculate the spectral absorptivity along the path for the same wavenumber range.

3.  Construct a simple (3-4 sentence max) argument that blackbody radiation is isotropic, using a similar line of reasoning as was presented in the Kirchoff’s law handout.  [Hint: Consider the emission of a disk or some other non-spherically shaped object placed within a cavity.]

4.  Construct a 4-layer radiation balance model with a stratosphere, upper troposphere, lower troposphere, and surface.  The total solar absorption by the planet is TE4 = S0(/4).  5% of this absorption occurs in the stratosphere, 10% in the UT layer, 15% in the LT, and the remaining 70% is absorbed by the surface.  The stratosphere layer has an emissivity of 2%, the UT has an emissivity of 50%, and the LT  has an emissivity of 90%. The surface has an emissivity of 100%.  Calculate the radiating temperatures of each layer and of the surface.  Lastly, modify the model to require that TUA = TLA – 60 K, and that TLA  = TS – 10 K to simulate the effect of convective instability on the lapse rate of the atmosphere.  What effect does this have on the equilibrium temperatures?  What are the implied convective fluxes between the surface and lower atmosphere?  When calculating the temperatures, use representative values of E = 255 K and  = 0.7.  Hint:  Solve the problem from the top level down, requiring energy balance at each interface between layers.  Use the total upward and downward longwave fluxes initially, and you can solve for the temperatures as you work your way down.  You may use Matlab or Excel to do the calculations – the key think is that you set up the equations properly.
5.  Do Wallace + Hobbs 4.55
