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Appendix E Curvilinear Coordinate Systems 
Cylindrical Coordinates  Cartesian Coordinates 

x = scosϕ = r sinθ cosϕ
y = ssinϕ = r sinθ sinϕ
z = z = r cosθ

r = x2 + y2 + z2 = s2 + z2

θ = arctan x2+y2

z2( ) = arctan s
z( )

ϕ = arctan y
x( ) =ϕ

s = r sinθ = x2 + y2

ϕ = arctan y
x( )

z = r cosθ

r̂ = sinθ cosϕ x̂+ sinθ sinϕ ŷ+ cosθ ẑ
θ̂ = cosθ cosϕ x̂+ cosθ sinϕ ŷ− sinθ ẑ
ϕ̂ = −sinϕ x̂+ cosϕ ŷ

r̂ = sinθ ŝ + cosθ ẑ

θ̂ = cosθ ŝ − sinθ ẑ
ϕ̂ = ϕ̂

x̂ = cosϕ ŝ − sinϕ ϕ̂
ŷ = sinϕ ŝ + cosϕ ϕ̂
ẑ = ẑ

x̂ = sinθ cosϕ r̂ + cosθ cosϕ θ̂ − sinϕϕ̂
ŷ = sinθ sinϕ r̂ + cosθ sinϕ θ̂ + cosϕϕ̂
ẑ = cosθ r̂ − sinθ θ̂

ŝ = sinθ r̂ + cosθ θ̂
ϕ̂ = ϕ̂
ẑ = cosθ r̂ − sinθ θ̂

ŝ = cosϕ x̂ + sinϕ ŷ
ϕ̂ = −sinϕ x̂ + cosϕ ŷ
ẑ = ẑ

Spherical Coordinates  
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+ ∂

∂z Fs − ∂
∂s Fz( )ϕ̂

+ 1
s
∂
∂s sFϕ( )− 1

s
∂
∂ϕ Fs( ) ẑ 
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+δ zδ sϕ̂
+sδϕδ s ẑ 
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δV = sδ sδϕδ zδV = δ xδ zδ y δV = r2 sinθ δ rδθδϕ

ŝ ×ϕ̂ = ẑx̂ × ŷ = ẑ r̂ ×θ̂ =ϕ̂

 
!r = s ŝ + z ẑ 

!r = x x̂ + y ŷ + z ẑ  
!r = r r̂

r = s2 + z 2r = x2 + y2 + z 2

 


