Observing the Earth from Space

Problem Set #1

G&G 362b/562b; F&E 726b; ARCH 362b/762b; EMD 548b; EVST 362b
1.  Consider examples of monochromatic E-M radiation with the wavelengths given below:


a.  ( = 3000 Å


b.  ( = 4500 Å


c.  ( = 1 ( 10-6 m 


d.  ( = 10 ( 10-6 m


e.  ( = 10 cm


f.  ( = 20 m

(Hint: an Angstrom is 10-10 meters)

For each of these examples:

- express the wavelength in microns


- compute the wave number (cm-1)


- compute the frequency (sec–1)


- indicate what class of radiation it is (e.g. ultra-violet, microwave, etc.)


- indicate whether the earth’s atmosphere is generally opaque or transparent to this

radiation

2.  The intensity (also called the radiance) of E-M radiation is defined as the energy per unit time (Watts) per unit area per increment in wavelength and per unit solid angle.  A “solid angle” describes the “angle” of a cone, that is, the area subtended by a cone divided by the cone length squared.  This ratio is given the unit name “steradian”.


Determine the solid angle defined by a 1 square meter area at a distance of 100 meters.

3.  An ideal Black Body surface radiates with an intensity given by the Planck function:
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where  h = 6.6262 10-27 erg sec






k = 1.3806 ( 10-16 erg deg-1





c = 2.99793 ( 1010 cm/sec






T = object temperature in Kelvins

Using this function, determine the amount of radiation emitted from one square meter of an object at a temperature of 20(C in a wavelength range from 9-11 (m and falling into a cone with 1 ( 10-4 steradians.  Hint: Answer = B((T) ( dA ( d( ( d( where dA is the surface area, d( is the range of wavelengths included, and d( is the solid angle. For further guidance, consult the supplement on “Computing the Planck Function”.
4.  Using Wien’s law, determine the wavelength of radiation which is being emitted most profusely by the following four objects ((mT = 2894 ((K)



the Sun’s surface T ( 6000(K




a hot lava surface T ( 2000(K




warm tropical sea T ( 29(C




cold cloud top
     T ( -70(C

5.  Determine the radius and altitude of a circular orbit around earth with a period of 3 hours.

6.  Determine the radius and altitude of a circular geostationary orbit around the earth.

7.  If a satellite is orbiting at an altitude of 100km and has a sensor aperture of 30cm; what is the theoretical limit of spatial resolution for reflected light of green color?  What about thermal IR radiation with a wavelength of 10 microns? (Hint: use the Rayleigh criterion)

8.  Describe briefly the primary advantage and disadvantage of the following “orbits” for remote sensing:


a)  low sun-synchronous polar orbit


b)  geostationary


c)  solar libration point


d) aircraft

9.  Explain why:


a)  the sky is blue


b)  a cloud is white


c)  a leaf is green


d)  a setting sun is red

10.  Why does a distant mountain range become invisible on a hazy day?

11.  What is the most striking aspect of the reflectivity of a plant leaf?

12.  If the reflectance of an object in the NIR is 80%, and 10% in the red, compute the Normalized Difference Vegetation Index (NDVI).
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