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1. The horizontal wind may be decomposed into geostrophic and ageostrophic parts,

u = ug + ua.

The quasi-geostrophic momentum equation reads

dgug

dt
= −f0k̂ × ua − βyk̂ × ug,

where:

dg

dt
≡ ∂

∂t
+ ug · ∇p.

(a) Show that:

dgζg
dt

= −f0∇ · ua − βvg.

(b) Show that:

dg

dt
(ζg + f) = −f0∇ · ua = f0

∂ω

∂p
,

where f = f0 + βy.

2. Show that the geostrophic vorticity ∇×ug = ζgk̂ and the geopotential Φ are related by

ζg =
1

f0
∇2Φ.


