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Polar coordinate system (3D)

● Starting from plain polar coordinate system which is 2D, how to cover the 
third dimesion; let’s say, circle to sphere, or cylinder?

● Spherical coordinate system is used when the system or motion has 
spherical symmetry. 

● The third dimension is described by an additional angular coordinate φ

Note the axes labels and angles carefully!
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Spherical coordinate system

● The relation in between cartesian and spherical coordinate system:

● Radius vector:

● Unit vector: 
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Spherical coordinate system

● Conversion from spherical to Cartesian coordinate system:

r̂=
r⃗

|⃗r|
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Spherical coordinate system

● Line element for infinitesimal displacement 
from (r, θ, φ) to (r+dr, θ+dθ, φ+dφ)
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Spherical coordinate system

● In general, line element can be written as,
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Cylindrical coordinate system

● Cylindrical coordinate system:  Convenient to describe a point which 
moves on a surface of a cylinder.

● A point (in 3D) is described by 3 coordinates: 

a) radius of the cylinder ( r or ρ )
b) azimuthal angle from x-axis  ( θ or φ )
c) height of the point from xy plane  ( z )
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Conversion: Cylindrical to Cartesian 

● The vector r can be expressed as
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