
Velocity and acceleration of a particle in spherical polar coordinates: 

 

In spherical polar coordinate system, coordinates of a point P is represented by ( , , )r θ φ and they 

are related to the Cartesian coordinates ( )x, y,z by the following relations 

, y ,x rSin Cos rSin Sin z rCosθ φ θ φ θ= = = ………………………..(1) 

The position vector of a particle which is at point P at iny instant is given by, 
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is a vector in the direction of increasing r and a unit vector in this direction is given by, 
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ˆˆ ˆr̂ Sin Cos i Sin Sin j Cos kθ φ θ φ θ∴ = + + …………………………….(4) 
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vector in the direction of increasingφ . 
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ˆˆ ˆ ˆCos Cos i Cos Sin j Sin kθ θ φ θ φ θ∴ = + − …………………………….(5) 
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ˆ ˆ ˆSin i Cos jφ φ φ∴ = − + ……………………………….(6) 

Now,  
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Velocity: 
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Acceleration: 
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Note: 

Any arbitrary vector in spherical polar coordinates can be written as, 

ˆ ˆˆrA A r A Aθ φθ φ= + +


……………………………(13) 

Here , ,rA A Aθ φ are the components of A


in the directions of ˆ ˆˆ, ,r θ φ respectively. 

( )

ˆ ˆˆ ˆ ˆˆ

ˆ   ˆ ˆ ˆ ˆ ˆˆ ˆ ˆ

ˆ

r
r

r
r

r
r

dAdAdAdA dr d dr A A A
dt dt dt dt dt dt dt

dAdAdA d d d d dr A Sin A r Cos A Sin r Cos
dt dt dt dt dt dt dt dt

ddA d d dA A Sin r A
dt dt dt dt

φθ
θ φ

φθ
θ φ

θ φ

θ φθ φ

θ φ θ φ φθ θ φ θ θ φ φ θ θθ

θ φ θθ

= + + + + +

     = + + + + − + + + − +          

− − + =  
 

+



ˆ ˆ    r

dAA d d dA Cos A Sin A Cos
dt dt dt dt dt

φθ
φ θ

φ φ φθ θ θ θ φ
  − + + +  

   

……………………………………(14) 

 


