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𝜆: longitude
𝜙: latitude
𝑟: distance from origin

Spherical coordinates



Summary of equations in primitive form

𝐷𝑢
𝐷𝑡

= 2Ω sin 𝜙 𝑣 +
𝑢𝑣
𝑅!
tan 𝜙 −

1
𝑅!𝜌 cos 𝜙

𝜕𝑝
𝜕𝜆

+ 𝐹"

𝐷𝑣
𝐷𝑡

= −2Ω sin 𝜙 𝑢 −
𝑢#

𝑅!
tan 𝜙 −

1
𝑅!𝜌

𝜕𝑝
𝜕𝜙

+ 𝐹$

𝜕𝑝
𝜕𝑧

= −𝜌𝑔

𝜕𝜌
𝜕𝑡

= −𝛻 ⋅ 𝜌𝒖

𝑞 = 𝑐%
𝐷𝑇
𝐷𝑡

− 𝛼
𝐷𝑝
𝐷𝑡

𝑝𝛼 = 𝑅&𝑇
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Where:

𝐷
𝐷𝑡

=
𝜕
𝜕𝑡
+

𝑢
𝑅! cos 𝜙

𝜕
𝜕𝜆

+
𝑣
𝑅!

𝜕
𝜕𝜙

+ 𝑤
𝜕
𝜕𝑧

𝛻 ⋅ 𝒖 =
1

𝑅! cos 𝜙
𝜕𝑢
𝜕𝜆

+
𝜕
𝜕𝜙

(𝑣 cos 𝜙) +
𝜕𝑤
𝜕𝑧



Summary of tangent plane equations
𝑥 ~ 𝑅! cos 𝜙' 𝜆
𝑦~ 𝑅!(𝜙 − 𝜙')

𝐷𝑢
𝐷𝑡

= 𝑓𝑣 −
1
𝜌
𝜕𝑝
𝜕𝑥

+ 𝐹(

𝐷𝑣
𝐷𝑡

= −𝑓𝑢 −
1
𝜌
𝜕𝑝
𝜕𝑦

+ 𝐹)

𝜕𝑝
𝜕𝑧

= −𝜌𝑔

𝜕𝜌
𝜕𝑡

= −𝛻 ⋅ 𝜌𝒖

𝑞 = 𝑐%
𝐷𝑇
𝐷𝑡

− 𝛼
𝐷𝑝
𝐷𝑡

𝑝𝛼 = 𝑅&𝑇

Where 

𝑓 = 𝑓' = 2Ω sin 𝜙' (f-plane)

or

𝑓 = 𝑓' + 𝛽𝑦 (𝛽-plane)
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Summary of pressure-coordinate equations

𝐷𝑢
𝐷𝑡

= 2Ω sin 𝜙 𝑣 +
𝑢𝑣
𝑅!
tan 𝜙 −

1
𝑅! cos 𝜙

𝜕Φ
𝜕𝜆

+ 𝐹"

𝐷𝑣
𝐷𝑡

= −2Ω sin 𝜙 𝑢 −
𝑢#

𝑅!
tan 𝜙 −

1
𝑅!
𝜕Φ
𝜕𝜙

+ 𝐹$

𝜕Φ
𝜕𝑝

= −𝛼

𝛻% ⋅ 𝒖 = 0

𝑞 = 𝑐%
𝐷𝑇
𝐷𝑡

− 𝛼𝜔

𝑝𝛼 = 𝑅&𝑇
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Where:

𝐷
𝐷𝑡

=
𝜕
𝜕𝑡
+

𝑢
𝑅! cos 𝜙

𝜕
𝜕𝜆

+
𝑣
𝑅!

𝜕
𝜕𝜙

+ 𝜔
𝜕
𝜕𝑝

𝛻% ⋅ 𝒖 =
1

𝑅! cos 𝜙
𝜕𝑢
𝜕𝜆

+
𝜕
𝜕𝜙

(𝑣 cos 𝜙) +
𝜕𝜔
𝜕𝑝

Can also write these equations in tangent 
plane form.


