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(b) Velocity and Acceleration in Polar Coordinate 

1.1 The Position Vector in Polar Coordinate 

 jyixr ˆˆ 


,  jirr ˆsinˆcos  


ˆr r r 


 

rr ˆr  is sometimes confusing, because the equation as written seems to make no reference to 

the angle  . We know that two parameters needed to specify a position in two dimensional 

space (in Cartesian coordinates they are x  and y ), but the equation rr ˆr  seems to contain 

only the quantity r . The answer is that r̂  is not a fixed vector and we need to know the value of 

  to tell how r̂  is origin. Although   does not occur explicitly in r̂r , its value must be known 

to fix the direction of r̂ . This would be apparent if we wrote  rr ˆr  to emphasize the 

dependence of r̂  on  . However, by common conversation r̂  is understood to stand for  r̂ .  

1.2 Velocity Vector in Polar Coordinate 
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where r  is radial velocity in r̂  direction and r  is tangential velocity in ̂  direction as shown in 

figure and the magnitude to velocity vector 2 2 2v r r     

1.3 Acceleration Vector in Polar Coordinate  
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  2 ˆˆ( ) 2a r r r r r      
      ˆˆra a r a  


 

2
ra r r    is radial acceleration and 2a r r     is tangential acceleration . 

So Newton’s law in polar coordinate can be written as  

 rF  2( )rma m r r    where rF  is external force in radial direction . 

 F  ( 2 )ma m r r      where F  is external force in tangential direction. 
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Example: In planar polar co-ordinates, an object’s position at time t  is given 

as    , , 8 radtr e m t    

 (a) Find  radial velocity  tangential velocity and  speed of particle at 0t   

 (b)  Find radial acceleration  tangential acceleration  and magnitude of acceleration at 0t   

Solution: (a)    , , 8 radtr e m t   

 tr e , 8 radt       t
r rv r v e    at 0t  1 / secrv m  

 And . 8tv r e      at 0t     . 8 8tv r e        

 Speed of particle is given by    222 2 1 8 9 3 / secrv v v m       

(b)  Magnitude of acceleration 2 8t t
ra r r e e      at 0t   , 21 8 1 7 / secm     

                       2 0 2 8 2 8t ta r r e e           

 Magnitude of acceleration is   2 27 4 8 49 32 81 9 / seca m         

 


