
ESE 101:

Homework 1 (due October 13):

1. Greenhouse effect. Consider an atmosphere consisting of n homogeneous
layers in radiative equilibrium with an underlying surface. Assume the at-
mosphere absorbs no solar radiation, the surface has albedo α, and the at-
mospheric layers absorb and emit as blackbodies (emissivities ε = 1).

(a) What is the radiative energy balance at the top of the atmosphere and
in each atmospheric layer?

(b) What is the radiative equilibrium temperature for each layer and the
surface as a function of n? What are representative values for Earth in
the top layer of the atmosphere and at the surface for a few values of
n (total solar irradiance S0 = 1362Wm−2 and albedo α = 0.3)?

(c) Provide a (narrative) physical explanation for the dependence (or lack
thereof) of the temperature of the top layer and of the surface on n.

(d) The atmospheric layer adjacent to the surface may be physically thin.
Yet there is a difference between the temperature of the surface and the
temperature of this near-surface layer of the atmosphere. What causes
it? What are some of its implication?

2. Jupiter’s mean distance from the sun is 7.8 × 108 km (or 5.2 Astronomical
Units). Its (Bond) albedo is 0.34, and the solar luminosity is 3.8× 1026 W.

(a) What is the total solar irradiance at Jupiter?

(b) What would be the effective temperature of Jupiter if it were a perfect
blackbody (in the longwave band) in equilibrium with the insolation?

(c) The measured effective temperature of Jupiter is 125 K. How large is
the additional energy flux that must be emanating from Jupiter’s inte-
rior to lead to this effective temperature? [This energy flux is somewhat
analogous to the (small) geothermal energy flux on Earth, but it is
much larger and arises through different processes: It arises primarily
because Jupiter is still contracting, and the gravitational energy that
is released by the contraction emanates as an internal energy flux.]


