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1) Use the hydrostatic balance equation to show that the mass of a vertical column of air with unit cross-
section, from the ground to a great height, is p0/g, where p0 is surface pressure. Use this, and the surface
area of Earth, 5.1 × 108 km2, to estimate the total mass of the atmosphere. Use p0 = 1013.25 hPa, i.e.,
101,325 Newtons/m2, and g = 9.8 m/s2.

Assuming the specific heat of dry air is cp = 1005 JK−1kg−1, estimate the total enthalpy of the atmosphere
as a function of temperature, which you may assume to be constant.

As a thought-experiment, suppose that the temperature of the atmosphere is reduced by 1K everywhere,
releasing heat to the top 100 m of the ocean and thereby causing the temperature of that ocean water to
increase by ∆T . By approximating the density of sea water to be the density of pure water (1000 kg/m3)
and the heat capacity of sea water to be 4200 JK−1kg−1, and assuming that the surface area of the oceans
is 70.9% of the surface area of Earth, find ∆T . Comment on the possible implications of this result for
climate change.

2) Let ω be a smooth 1-form on R2. Show that if ω = dh is exact, then for any smooth curve C in R2 from
(a, b) to (c, d), ∫

C

ω = h(c, d) − h(a, b),

and so ω is path-independent (i.e., it only depends on the endpoints of a path). Hint: If you need to,
you can look this up in any calculus textbook. Comment on the relevance of this result to the first law of
thermodynamics.

3) Show that if the atmosphere has a uniform lapse rate Γ, the pressure, p(z), is given by,

p(z) = p0

(
1 − Γz

T0

)g/(ΓRa)

where p0 is the surface pressure, T0 is the surface temperature, and Ra is the gas constant for a unit mass of
air. Calculate the height z at which p(z) = p0/10 assuming T0 = 290K, and assuming a) the dry adiabatic
lapse rate Γ = 9.8 K/km, and b) a uniform temperature of 290K at all heights. The of height of the
troposphere varies from equator to pole and by season, but the average is about 13 km. Which of the
assumptions of a) or b) is more realistic?

4) During an evening, long wave radiative heat transfer with the surface causes a dry air parcel to descend
so that its pressure increases from 900 hPa to 910 hPa, and its entropy decreases by 15 J kg−1 K−1. If its
initial temperature is 280 K, determine the parcel’s a) final temperature and b) final potential temperature.


