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Useful equations 
 

Cylindrical: r,φ, z( )  

r
ˆ r 

z
ˆ k , ˆ z 

y
ˆ j , ˆ y 

x
ˆ i , ˆ x 

ˆ φ φ

 
Transformations 

� 

Scalar:
x = rcos φ( ); y = rsin φ( ); z = z

r = x2 + y 2 ; φ = arctan y
x

⎛ 
⎝ 

⎞ 
⎠ ; z = z

Volume:
dx  dy  dz = rdr  dφ  dz
Vector:
ˆ r • ˆ i = cos φ( ); ˆ r • ˆ j = sin φ( ); ˆ r • ˆ k = 0
ˆ φ • ˆ i = − sin φ( ); ˆ φ • ˆ j = cos φ( ); ˆ φ • ˆ k = 0

ˆ z • ˆ i = 0; ˆ z • ˆ j = 0; ˆ z • ˆ k = 1
Area elements (standard surfaces):

ds =
rdφ  dzˆ r 
dr  dz ˆ φ 
rdφ  drˆ z 

 

Spherical: ρ,θ ,φ( )  
z
ˆ k , ˆ z 

y
ˆ j , ˆ y 

x
ˆ i , ˆ x 

ρ
ˆ ρ 

ˆ φ 

φ

ˆ θ 

θ

 

Transformations 

� 

Scalar:
x = ρcos φ( )sin θ( ); y = ρsin φ( )sin θ( ); z = ρcos θ( )

ρ = x 2 + y2 + z2 ; φ = arctan y
x

⎛ 
⎝ 

⎞ 
⎠ ; θ = arctan

x 2 + y2

z
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

Volume:
dx  dy  dz = ρ2dρ  sin θ( )dθ  dφ
Vector:
ˆ ρ • ˆ i = cos φ( )sin θ( ); ˆ ρ • ˆ j = sin φ( )sin θ( ); ˆ ρ • ˆ k = cos θ( )
ˆ φ • ˆ i = − sin φ( ); ˆ φ • ˆ j = cos φ( ); ˆ φ • ˆ k = 0
ˆ θ • ˆ i = cos φ( )cos θ( ); ˆ θ • ˆ j = sin φ( )cos θ( ); ˆ θ • ˆ k = − sin θ( )
Area elements (standard surfaces):

ds =
ρsinθdφ  ρdθ ˆ ρ 
dρ  ρsinθdφ ˆ θ 

dρ  ρdθ ˆ φ 


