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Formulas 

 

Material derivative: 
𝐷𝑎

𝐷𝑡
=

𝜕𝑎

𝜕𝑡
+ 𝒗 ∗ (𝜵𝑎) 

𝐷𝒂

𝐷𝑡
=

𝜕𝒂

𝜕𝑡
+ 𝒗 ∗ (𝜵 𝒂) 

 

Navier-Stokes equation: 
𝐷𝒗

𝐷𝑡
= −

1

𝜌
(𝜵𝑝) + 𝒈 + 𝜈𝜵2𝒗 

 

Continuity equation: 
𝐷𝜌

𝐷𝑡
+ 𝜌(𝜵 ∗ 𝒗) = 0 

 

Ideal gas equation for dry air: 

𝑝 = 𝜌𝑅𝑑𝑇 

 

Geopotential: 

𝛷 = 𝑔𝑧 

 

Potential temperature: 

𝜃 = 𝑇 (
𝑝0

𝑝
)

𝑅𝑑
𝑐𝑝

 

 

Dry adiabatic lapse rate: 

−
𝑑𝑇

𝑑𝑧
= 𝛤𝑑 =

𝑔

𝑐𝑝
 

 

Coriolis parameter: 

𝑓 = 2 Ωsin(𝜑) 

 

Geostrophic wind: 

𝒖𝒈 =
𝒌̂

𝑓
× 𝜵𝒑𝛷 

𝒖𝒈 =
𝒌̂

𝜌𝑓
× 𝜵𝒛𝑝 

 

Momentum equations in natural 

coordinates: 
𝐷𝑉

𝐷𝑡
=  −

1

𝜌

𝜕𝑝

𝜕𝑠
 

𝑓𝑉 +
𝑉2

𝑟
=  −

1

𝜌

𝜕𝑝

𝜕𝑛
 

 

Gradient wind in natural coordinates: 

𝑉 = −
𝑓𝑟

2
± √

𝑓2𝑟2

4
+ 𝑓𝑟𝑣𝑔 

 

Rotating shallow waters equations: 
𝐷𝒖

𝐷𝑡
+ 𝒇 × 𝒖 = −𝑔𝜵𝒛𝜂 

𝐷ℎ

𝐷𝑡
+ ℎ (𝜵𝒛 ∗ 𝒖) = 0 

 

 



    D a  D t =   𝜕 a  𝜕 t +   𝒗 _ ∗  (   𝜵 _ a )


    D   𝒂 _  D t =   𝜕   𝒂 _  𝜕 t +   𝒗 _ ∗  (   𝜵 _     𝒂 _ )


    D   𝒂 _  D t =   𝜕   𝒂 _  𝜕 t +   𝒗 _ ∗  (   𝜵 _     𝒂 _ )


    D   𝒗 _  D t = −  1  𝜌  (   𝜵 _ p ) +   𝒈 _ + 𝜈     𝜵 _ 2   𝒗 _


    D 𝜌  D t + 𝜌 (   𝜵 _ ∗   𝒗 _ ) = 0


  p = 𝜌   R  d T


  𝛷 = g z


  𝜃 = T    (     p 0  p )      R  d    c  p


  −   d T  d z =   𝛤  d =   g    c  p


  f = 2   Ω sin ⁡   ( 𝜑 )


      𝒖  𝒈 _ =     𝒌 ^  f ×     𝜵  𝒑 _ 𝛷


      𝒖  𝒈 _ =     𝒌 ^  𝜌 f ×     𝜵  𝒛 _ p


      𝒖  𝒈 _ =     𝒌 ^  𝜌 f ×     𝜵  𝒛 _ p


    D V  D t =   −  1  𝜌   𝜕 p  𝜕 s


  f V +     V 2  r =   −  1  𝜌   𝜕 p  𝜕 n


  f V +     V 2  r =   −  1  𝜌   𝜕 p  𝜕 n


  V = −   f r 2 ±      f 2   r 2 4 + f r   v  g


    D   𝒖 _  D t +   𝒇 _ ×   𝒖 _ = − g     𝜵  𝒛 _ 𝜂


    D h  D t + h  (     𝜵  𝒛 _ ∗   𝒖 _ ) = 0


    D h  D t + h  (     𝜵  𝒛 _ ∗   𝒖 _ ) = 0

