
Curvilinear Motion 

The motion a long a path other than a straight line is called a curvilinear motion 

Displacement : 
 
In x-direction  :  x = f(t) 
 
In y-direction :  y = g(t) 
 
r2=x2+ y2  
 

θ=tan-1 y/x 
 
r> displacement from o is called the position vector. 
 

 

 

 

 



Velocity : 
 
In x-direction  

𝑣𝑥 =  
𝑑𝑥

𝑑𝑡
=  𝑥′ 

In y-direction 

𝑣𝑦 =  
𝑑𝑦

𝑑𝑡
=  𝑦′ 

 

𝑣> =  𝑣𝑥
> +  𝑣𝑦

>   ;              𝑣 =  𝑣𝑥
2 +  𝑣𝑦

2   

 

𝜃 =  𝑡𝑎𝑛−1  
𝑣𝑦

𝑣𝑥
 = 𝑡𝑎𝑛−1

𝑑𝑦

𝑑𝑥
 



Acceleration : 

𝑎𝑥 =  
𝑑𝑣𝑥

𝑑𝑡
=  

𝑑2𝑥

𝑑𝑡2
= 𝑥′′ 

 

𝑎𝑦 =  
𝑑𝑣𝑦

𝑑𝑡
=  

𝑑2𝑦

𝑑𝑡2
= 𝑦′′ 

 

𝑎> =  𝑎𝑥
> +  𝑎𝑦

>    ;         𝑎 =  𝑎𝑥
2 + 𝑎𝑦

2  

 

𝜃 =  𝑡𝑎𝑛−1
𝑑2𝑦

𝑑2𝑥
 



Ex: A particle is moving along a curve such that  x=(t+1)2 and y=(t+1)-2 ( x and y in  m,  t 
in sec). Find  v and a  at   t = 1 sec. 

Vx = dx/dt = x'= 2(t+1) 
 
Then       ax =  2 
 
Vy = dy/dt = y'= -2 (t+1)-3 

 
Then          ay= 6 (t+1)-4 

 
at t = 1 sec 
vx = 2(1+1) = 4  m/s 
 
 vy = -2 (1+1)-3= - 1/4   m/s 
 

v = 42 + (
−1

4
)2     , v = 4 m/s 

 
Ɵ = tan-1 dy/dx =  tan-1 1/16 = 3.75o 

ax = 2 m/s2 

 ay = 6 (1+1)-4=  3/8   m/s2 

a = 22 + (
3

8
)2     , v = 2 m/ s2 

Ɵ = tan-1 d2 y/d2 x =  tan-1 3/16 = 10.62o 

  



Ex: If x = 5t3 and y = 4t2 at time t, find the magnitude and direction of the velocity 
when t = 10. 

x = 5t3  So    dx/​dt​​ ​​=15t​2​​ 

At t = 10, the velocity in the x-direction is given by: 

  ​dx/dt ​​= v​x ​​=15(10)​2​​=1500 m/s​ 

Also, y = 4t2   so the velocity in the y-direction is: 

  ​ dy/dt​​ = 8t 

When t = 10, the velocity in the y-direction is: 

dy/dt ​​= v​y ​​=8(10)=80 m/s​ 

So the magnitude of the velocity will be:  

v=√​(v​x​​)​
2​​+(v​y​​)​

2​​​​​=√​1500 ​2​​+80​2​​​​​=1502.1 m/s​ 

Now for the direction of the velocity (it is an angle, relative to the positive x-axis): 

tan θ​v ​​=​ ​​​​v​y/ v​x  So  θ​v​​= 3.05​∘​​. 








