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Dynamic 

:Rectilinear Motion of particles  
 Position ,velocity and acceleration.  

A particle moving along a straight line is said to 
be in rectilinear motion .at any instant (t) ,the 
particle will occupy a certain position the 
straight line. 

 

The position x, with the 

 Appropriate sign , 

Completely defines the position 

Of the particle, it is called the 

Position  coordinate of the particle. 

 
The motion of the particle may be given in the 
form of an equation in (x) and (t) such as : 

X=6t² - t³ 

P : position occupied by the particle at time (t) 
and coordinate (x) 
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P`: position occupied by particle at time (t+Δt) and 
coordinate (x+Δx). 

Average velocity =   

Instantaneous velocity     =   m/sec  or  ft/sec 

   =   ------------------    (1) 

  

The magnitude of  ( ) is known as the speed . 

 

P=the particle has vel. ( ) at time (t) 

p`=the particle has vel.( +Δ ) at time (t+Δt)  

average acc.=   ------- ---------             

 =  Instantaneous  acc.  

a=   -------------     (2)  

substituting for        from  eq. (1)  

 a=  

from eq. (1)  dt =  

substitute in eq.(2) 

 ------------  a=   
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EX. 

A particle moving in a straight line, and assume that its 
position is defined by the equation  x=6t² - t³ (where x in m 
and t is in seconds). Determine the position ,velocity and 
acceleration at sec.=3 . 

At t=3 sec. 

 = 6(3)² - (3)³ 

   = 54 – 27 =27 m 

 =  = 12t – 3t² 

             =12 (3) – 3(3)² 

            = 9 m/sec. 

a=  = 12 – 6t = 12 – 6(3)  

a = - 6m/sec. 

the negative sign of acc. is called deceleration or 
retardation. 

:Determination of the motion of a particle 

 

a=     
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  =  adt = f(t)dt (integrating both members) 

 

 

  

 - = 

2) a= f(x) 

     .a=  

.vdv= adx= f(x)dx                                                               
                

  

  ½ ²-½ ²  =  

3)  a= f(v) 

 .a=                        .a= 

   ( )=   ( )=  

    =    = 
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UNIFORM     RECTILINEAR   MOTION    
        ------------------------------------------------- 

The   vel. is therefore constant and eq. (1) becomes  

 =  = const. 

  =    

         

  -   =    

 = -      ..(5) 

This equation may  be used only if the vel. of the particle 
is known to constant. 

:Uniformly Accelerated Rectilinear Motion 
The acc. is therefore constant and eq.(2) becomes  

a   =  =const.       

   = a   

     

 -  =a  

 =  +a ---------   ..(6) 

Substitute for   in eq.(1) 
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 =  a  

   =(  + a  )   

   

  –   =   +½   ²  

  =  +    +½   ²    ..(7) 

we may also use eq.(4) and write 

a         =  = const.   

    =       

   

½ ( ² -  ²  )=a(  –   ) 

 ²  = ²+2a(  –    )  …. (8) 

The three equations derived provide useful relations 
among position coordinate, vel. and time in case of a 
uniformly accelerated motion. 

.EX 

An automobile travels 240m in 30 sec. while being 
accelerated at a constant rate of 0.2 m/sec². Find 

a) its initial vel.   b) its final vel.  c) the distance traveled 
during the first 10 sec. 

a)    =  +    +½   ²     

  240= 0 +   (30) +½ (0.2)(30)² 

  240= 30  + 90 
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     = 5m/sec.² 

b) when  t = 30 sec. 

    =  +a  

   =5+0.2(30) 

   =11m/sec. 

c)   =  +    +½   ²      

     = 0+ 5(10) + ½ (0.2)(10)²             = 60m 

Curvilinear Motion of  Particles: 
When a particle moves along a curve other than a straight 
line , then it is in curvilinear motion 

Average velocity   

Velocity = v =  

 

 

 

 

Average acceleration =  

Acceleration = a =  
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a =  

 

 

 

 

 

 

 

Rectangular Components of Velocity and 
acceleration: 

 

 

 

 

       

In case of a projectile ( Motion of a projectile ) 

         (  

      (  
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EX:  A projectile is fired with an initial velocity of 800 m/sec  
at a target (B) located (2000m) above gun (A) and at a 
horizontal distance of (12000m). Determine the value of 
the firing angle α .     

Solution: 

H. Motion is uniform  

 

 

12000 = (800 cos α)t 

 

 V. Motion  

  ,  a = - 9.81 m/sec2 
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y =  

   =(800 sinα)t – 4.9 t2  . . . . .(2) 

2000 = 800 sinα  

Since       

2000 = 800(15) tanα – 4.9 (15)2  

1103.6 tan2α – 12000 tanα + 3103.6 = 0 

Solve for   tan α 

 
 
 

 

Tangential and normal Components: 
    It is convenient to resolve the acceleration into 
components tangent and normal to the path of the particle. 
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