
Dynamics 



Rectilinear Kinematics 

1- Position 

2- Displacement  [ m , ft ] 

∆𝑠 =  𝑠 − 𝑠 



3- Velocity [ m/s , ft/s ] 

The moves of the particles through a displacement ∆𝑠  during 
the time interval ∆𝑡 . 

𝑣 =  
𝑑𝑠

𝑑𝑡
 

4- Acceleration [ m/s2 , ft/s2 ] 

The velocity of the particle at two points. 

𝑎 =  
𝑑𝑣

𝑑𝑡
=
𝑑2𝑠

𝑑𝑡2
 







Freely Falling Bodies  

g = 32.2 ft/s2  

g = 9.81 m/s2 

a = g   Or  a = - g 



Ex: a ball is thrown vertically up word from the top of 18 m tower 
with an initial velocity of 12 m/s . Find? 
1) The velocity and displacement at any time. 
2) The highest elevation  
3) The time when the ball reached the ground and the velocity at 

that time.    

1) 
 dv/dt = - 9.81 

 𝑑𝑣
𝑣

12

=  − 9.81 𝑑𝑡
𝑡

0

 

v   =  - 9.81  
v – 12 = - 9.81 t  
v = 12 – 9.81 t           (Instantaneous velocity) 
dy/ dt = 12 – 9.81 t 

 𝑑𝑦
𝑦

𝑦𝑜=0

 =   12 − 9.81𝑡 𝑑𝑡
𝑡

0

 

𝑦 = 12 𝑡 − 
9.81

2
 𝑡2     (Instantaneous displacement) 



2) At highest elevation  
   v = 0 
so   0 = 12-9.81 t     then  t = 1.22 sec 
yat 1.22 = 12 * 1.22 – (9.81/2) * (1.22)2 
          = 7.3 m 
y = 7.3 m     from the top    
y = 7.3 + 18 = 25.3 m   from the ground  
 
3) when the ball hits the ground y = - 18 
-18 = 12 t – 4.905 t2  
4.905 t2 – 12 t – 18 = 0 

𝑡 =  
12 ∓ 122 + 4 ∗ 18 ∗ 4.905

2 ∗ 4.905
 

Then  t = - 10.5 sec  neglected 
 or      t = 3.5 sec   then            vat 3.5 = 12 – 9.81* 3.5 = - 22.3  m/s 



Types of problems involving motion 
1. x= f(t) 
 
 2.  a= f(t) 

𝑑𝑣

𝑑𝑡
= 𝑓 𝑡  

  

 𝑑𝑣 =   𝑓 𝑡  𝑑𝑡 

  
v = g(t) + c 
c is found from the initial condition at  t = 0 and v = vo   
𝑑𝑥

𝑑𝑡
  = g (t)  + c 

 𝑑𝑥 =   𝑔 𝑡 + 𝑐 𝑑𝑡 

  

Or     𝑑𝑣
𝑣

0
=  𝑓 𝑡 𝑑𝑡

𝑡

0
 

 

Or   𝑑𝑣
𝑣

𝑣𝑜
=  𝑓 𝑡 𝑑𝑡

𝑡

𝑡𝑜
 



3.   a = f(v) 

                                              
𝑑𝑣

𝑑𝑡
= 𝑓(𝑣) 

  

 
𝑑𝑣

𝑓(𝑣)
 

𝑣

𝑣𝑜
=  𝑑𝑡

𝑡

𝑡𝑜
         or        𝑎 = 𝑣 

𝑑𝑣

𝑑𝑥
   

  

𝑣 
𝑑𝑣

𝑑𝑥
 = 𝑓(𝑣)  

  

 𝑣 
𝑑𝑣

𝑓(𝑣)
 

𝑣

𝑣𝑜

=  𝑑𝑥
𝑥

𝑥𝑜

 

4.    a= f(x) 
  

𝑣 
𝑑𝑣

𝑑𝑥
= 𝑓(𝑥) 

 𝑣 𝑑𝑣 
𝑣

𝑣𝑜

=  𝑓 𝑥 𝑑𝑥
𝑥

𝑥𝑜

 

  
v = g(x) 











Special Cases of Motion 

1) Uniform motion 

v = constant ,  a = 0 

𝑑𝑥

𝑑𝑣
= 𝑣 = 𝑏 

 𝑑𝑥
𝑥

𝑥𝑜

=  𝑏 𝑑𝑡
𝑡

0

 

x – xo = b t 

x = xo + bt 



2) Uniformly accelerated motion 
a = constant  

𝑑𝑣

𝑑𝑡
= 𝑎 

 𝑑𝑣 
𝑣

𝑣𝑜
=  𝑎 𝑑𝑡 = 𝑎  𝑑𝑡

𝑡

0
  

 
v – vo = a t  
 
v = vo + a t  

𝑑𝑥

𝑑𝑡
=  𝑣𝑜 + 𝑎 𝑡 

 

 𝑑𝑥
𝑥

𝑥𝑜

=   𝑣𝑜 + 𝑎 𝑡 𝑑𝑡
𝑡

0

 

𝑥 − 𝑥𝑜 = 𝑣𝑜 𝑡 + 𝑎 
𝑡2

2
 

 

𝑥 =  𝑥𝑜  +  𝑣𝑜 𝑡 + 
1

2
 𝑎 𝑡2  

  



a = constant 

𝑣 
𝑑𝑣

𝑑𝑥
= 𝑎 

 𝑣 𝑑𝑣
𝑣

𝑣𝑜

=  𝑎 𝑑𝑥
𝑥

𝑥𝑜

 

𝑣2

2
   = 𝑎 (𝑥 − 𝑥𝑜)  

 
𝑣2 = 𝑣𝑜

2 + 2 𝑎 (𝑥 − 𝑥𝑜) 





H. W. : 
Chapter 12:    1, 4, 5, 7, 9, 11, 28, 29, 40 


