Optics Homework 25: Due Thurs 4/10/08
Dr. Colton, Winter 2008

12 total points
1. (a) Starting with Plank’s frequency spectrum that we derived in class, 
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, derive the wavelength spectrum, . Hint: this is the energy density function you’d have to integrate with respect to d in order to obtain the total energy: 
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. (b) Use this function to derive “Wien’s Displacement Law”: the most energy for a given temperature is emitted at a wavelength 
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. Hint: you’ll need to take a derivative and set it equal to zero. When you do so, you’ll get an equation that you can’t solve algebraically. You can, however, solve it numerically with a program like Mathematica. (c) Normalize  with respect to the maximum energy density for T = 7500 K and make a plot of that should turn out just like the ones on the viewgraph I showed in class, with these temperatures all on the same plot: T = 7500 K, 6000 K, and 4500 K.
Food for thought: When I did this problem, I was very surprised to discover that the wavelength given by Wien’s law (part b) does not correspond to the frequency where f has its maximum. Test it out for yourself if you like (you’ll have to take a different derivative and set it equal to zero). Why is that? …how can that even be possible? Possible “extra mile points” if you come up with a good explanation.

2. For this problem, assume that the emissivity of both the Sun and the Earth is equal to 1. (a) P&W P13.1 (b) Assume that the Sun’s power is radiated in all directions. How much reaches the Earth? (Look up the Earth’s radius, and the radius of the Earth’s orbit. Hint: the sphere of the Earth intercepts the same amount of light that a circular disk facing the Sun would.) (c) Assuming the Earth is in thermodynamic equilibrium, it must radiate out as must power as it absorbs (otherwise it would heat up uncontrollably). Use that fact to get a theoretical value for the average temperature of the Earth. Compare that with the experimentally measured average temperature of the Earth’s surface,*  ~14(C; comment on possible reasons for the discrepancy. 
3. (From Hecht.) (a) A somewhat typical person has a surface area of 1.4 m2 and an average  skin temperature of 33(C. Assume an emissivity 97%. How much net heat power does the person provide in a 20(C room? (Net = power radiated – power absorbed.)  Compare your answer to a typical lightbulb.  (b) At what wavelength will the person be radiating the most energy? At what wavelength will the surroundings be radiating the most energy? (Use your result from problem 1). What do these answers imply about “night vision goggles”?

























* � HYPERLINK "http://ipcc-wg1.ucar.edu/wg1/Report/AR4WG1_Print_SPM.pdf" ��http://ipcc-wg1.ucar.edu/wg1/Report/AR4WG1_Print_SPM.pdf�, figure SPM.3
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