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Particle Kinematics in Spherical Coordinates

r̂ = cos θ cos φî + sin θ cos φĵ + sin φk̂

θ̂ = − sin θî + cos θĵ

φ̂ = − cos θ sin φî − sin θ sin φĵ + cos φk̂

Angular velocity of the coordinates system:

ω̄ = θ̇ sin φr̂ − φ̇θ̂ + θ̇ cos φφ̂ (1)

Position:
r̄ = rr̂ (2)

Velocity:

v̄ = ˙̄r =
∂r̄

∂t
+ ω̄ × r̄ = ṙr̂ + rθ̇ cos φθ̂ + rφ̇φ̂ (3)

Acceleration:

ā = ˙̄v = ¨̄r =

(
∂

∂t
+ ω̄×

)(
∂r̄

∂t
+ ω̄ × r̄

)

= (r̈ − rθ̇2 cos2 φ − rφ̇2)r̂

+ (2ṙθ̇ cos φ − 2rθ̇φ̇ sin φ + rθ̈ cos φ)θ̂ + (2ṙφ̇ + rφ̇2 sin φ cos φ + rφ̈)φ̂ (4)
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