2007 Porter Prize Problem*
Global Warming

You are challenged to solve a simple model for global warming due to carbon dioxide and to predict the temperature increase at the earth’s surface.  The model has three components:  the sun, the earth and the earth’s atmosphere.  Model the sun as a blackbody radiator with a surface temperature of 5800 K.  Model the earth as a blackbody radiator which absorbs all incident radiation at all wavelengths and reflects none.  Model the atmosphere as a single layer with the following properties:

  --reflects 30% of incident radiation with wavelength  < 3 m
    (representing the net effect of clouds and the reflectance of the earth’s

     surface)

  --reflects no radiation at other wavelengths

  --absorbs 100% of incident radiation with wavelength in the range 3-13 m
     and >18 m  (representing the effect of water vapor)

  --absorbs 0% of incident radiation at other wavelengths.

a. Predict the surface temperature of the earth. (Hint: You can look up needed data like the radius of the sun and earth in any introductory physics textbook.)
b. Now, assume CO​​​2 is added to the earth’s atmosphere, resulting in a 10% absorption of incident radiation in the “water window”, for wavelengths between 13-18 m (and zero absorption at other wavelengths).  Calculate the temperature increase at the earth’s surface.
*Available on-line at http://deptorg.knox.edu/physicsdept/

The Porter Prize

The Porter Prize is funded by Carroll Porter, '32, and is awarded annually for the best solution to a complex physical problem by the use of iterative techniques.  Any student at Knox may enter.  Solutions should be turned in to Prof. Thomas Moses, D110 SMC by 4 p.m. on Tuesday May 1.  The prize will be awarded to the student having the best adequate solution--a partial solution may be ok.  Your submission should include a description of the method of solution, a documented listing of any computer code you develop for the solution, and any relevant computer printouts or plots.
