Where have we got to so far?

Ideal Gas Law:

p=pRT (1)
Hydrostatic Balance:
% =—gp (2)
Geopotential Height: .
o= [ gz 3)
0
First Law of thermodynamics:
dQ = c,dT + pdV = c,dT' — Vdp (4)
Adiabatic Lapse Rate:
Fori=-L )
Potential temperature: b
0= T(2)e (6)
Atmospheric static stability:
L (7)

Total and partial derivatives:
Langrangian and Eulerian perspective ¢ = ¥(x,y, z,t)
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Equivalence of geopotential and pressure gradients:
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Momentum equation:
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Coriolis acceleration:
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Scale analysis leading to horizontal momentum equation:
N.B. f = 2Qsin(¢)

dv, -
%:kaﬁh—vhqb—aﬁh
Geostrophic balance
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Rossby number
Acceleration term

R, = ratio of
© Corolis term

Cyclostrophic balance

e.g., bath tubs, hurricanes, tornadoes
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Gradient wind
Better approximation when curvature is tight
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Thermal wind
Exact:
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Vector form:
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Continuity equation

Version 1:
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Vorticity equation

d
a(c+f)+f(ux+vy) =0

where

()ac - %O

¢ = vy —uy = RELATIVE VORTICITY

f =2Qsin(¢) = PLANETARY VORTICITY
¢+ f = ABSOLUTE VORTICITY
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PRIMITIVE EQUATIONS

Based on conservation of momentum (Newton’s 2nd law), ideal gas equation, first law of thermo-
dynamics, and conservation of mass, we have the primitive equations which describe the motions
of the atmosphere on large scales:
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