HW #4
Due Nov 6

1.  The solar “constant”, S0 = 1368 W m-2.  The solar flux from the sun comes from such a narrow range of angles that it is often treated as “collimated” light, coming from a single direction.  Use (or just assume) this simplification when calculating the following

· The global average TOA solar flux is 342 W m-2.

· On the Equinoxes, the daily average TOA solar flux at the equator is 435 W m-2.

· On the Solstices, the daily average TOA solar flux at the summer pole is 545 W m-2.
2.  The albedo of a surface As is defined as the fraction of incident solar flux that is reflected.  As = SU/SD.  A Lambertian surface has the property that AS is independent of the direction the incident flux density is coming from, and that the intensity of reflected radiation I() is also independent of direction, .  (Remember your relationship between intensity and flux).

Suppose the Moon’s surface has a Lambertian albedo of AM, and that the incident solar radiation is 1368 W m-2, normal to the direction of incidence.  Using a coordinate system where the polar direction (z-axis) points towards the Sun, calculate the intensity of reflected radiation directed back toward the Sun, as a function of polar latitude in this Sun-oriented coordinate system.
Next consider the view of the full moon from Earth.  In this configuration the Earth sits between the Moon and the Sun (but just off at enough of an angle so the Moon isn’t in the Earth’s shadow).  Calculate the flux density of reflected moonlight at the top of Earth’s atmosphere.  This will require a proper integration over the solid angle subtended by the moon, accounting for the varying intensity with the polar angle. 
If AM = 0.07, what is the ratio of the flux density from a full moon, and the solar constant?  Use the fact that the moon subtends the same solid angle in the sky as does the Sun.  [In actuality, the Moon’s surface is not Lambertian, and the intensity is nearly constant across the face of a full moon]
2.  The Planck function for blackbody radiation is defined as I = dI/d, where dI is the amount of intensity between  and  + d in the limit that d ( 0.  What is Iln?  Show that I IlnIln where  is wavenumber.

3.  Consider our 1-layer atmosphere with an emissivity of 1.  Show that if the solar flux increased by 1% then the surface temperature would increase by 0.25%.

4.   Calculate the distance from the Earth’s surface of a geostationary orbit.  What solid angle does the Earth subtend when viewed from this distance?  If the Earth’s effective radiating temperature is 255 K, and the satellite has a wavelength independent emissivity of , what is the equilibrium temperature of the satellite when it is in the Earth’s shadow.  Assume the satellite is spherical.  Do not use the formula in the text – calculate it.
