
Atmospheric Sciences 6150
Exercise 1: Buoyancy

1. Emanuel problem 1.1

2. Emanuel problem 1.2

3. Emanuel problem 1.3

Note that the stagnation pressure, ps, is related to the ambient (i.e., hydro-
static) pressure, p̄, at the same level, and to the parcel-relative flow speed far
ahead of the parcel, u0, by Bernoulli’s equation (the integral of the momentum
equation along a streamline):

ps − p̄
ρ̄

=
u20
2
.

4. Emanuel problem 1.4

5. (a) Show that

−1

ρ
∇p = −cpθ∇π,

where π, the Exner function, is defined as

π ≡
(
p

pr

)Rd/cp

.

(b) Derive the hydrostatic equation in terms of π0(z) and θ0(z), which are in
hydrostatic balance.
(c) Decompose π and θ into a hydrostatic basic state, π0(z) and θ0(z), and
deviations from this state, π

′
and θ

′
, and apply scale analysis, to obtain

−cpθ∇π + g ≈ −cpθ0∇π
′ − g

θ
′

θ0
,

where −gθ′
/θ0 is the buoyancy acceleration. Recall that g = −gk.
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