
Motion of a Projectile  

When air resistance is neglected, the only force acting on the projectile is its 
weight, which causes the projectile to have a constant downward acceleration 
of: 

ac= g = 9.81  m/s2   or  g = 32.2 ft/s2 



In x-direction : 

Neglecting air resistance  ax = 0 

Vx = constant = Vox = Vo  cos α 

X = Xo + V t  

X = Vo cos α t      ( when xo = 0 ) 

In y-direction : 

ay = - g 

V = Vo + a t 

y = y0 + Vo t + ½ a t2 

V2 = Vo
2 + 2 a ( y – yo ) 

When the  yo = 0  then the equation will 

be: 

Vy = Vo sin α – g t 

y = Vo sin α t – ½ g t2 

Vy
2 =  (Vo sin α)2 – 2 g y  



X= 20 ft ,  α = 30o , Vo= 25 ft/s , a =  - 32.2 ft/s2 

X= Vo cos α t  

20 = 25 cos 30  t      then     t = 0.9238 sec    (زمن السقوط ) 

y = Vo sin α t – ½ g t2 

  = 25 sin 30 * 0.9238 – ½ * 32.2 * 0.92382 

Then y = - 2.19 ft  

    h = 4 – 2.19    

       = 1.81    ft 



α = 30o ,  y = -1 m ,  t = 1.5 sec 

x= R = ?  ,  hmax = ? ,  Vy = ? 

y = Vo sin α t – ½ g t2  

-1 = Vo sin 30 * 1.5 – ½ * 9.81 * 1.52 

  Then   Vo = 13.382   m/s 

X = Vo sin α t  

R = 13.382 cos 30 * 1.5       

Then    R = 17.384  m 

ymax    at  Vy = 0 

 Vy
2=  (Vo sin α )2 – 2 g ymax 

0 = (13.382 sin 30)2 – 2 * 9.81 * ymax  

Then     ymax = 2.282    m 

 hmax = 2.282 + 1  

       = 3.282    m 



Ex: a projectile is shot with an initial velocity of  800 ft/s  at a target B located 2000 ft 
above the gun A and at a horizontal distance 12000 ft . Neglect air resistance, 
determine firing angle α : 

X = 800 cos α t 
12000 = 800  cos α t 
t = 15/ cos α      ------(1) 
y = 800 sin α t – ½ * 32.2 t2 
at point B     2000 = 800 sin α t – 16.1 t2  -----(2) 
equ. (1) in (2) 
2000= 800 sin α  (15/cos α) – 16.1 (15/cos α)2 
2000= 800 * 15 tan α – 16.1 * 152 . sec2 α 
2000= 800 * 15 tan α – 16.1 * 152 . (1+ tan2α) 
3622 * tan2α – 12000 tan α + 5622 = 0 
  

tan ∝ =  
12000 ∓  120002 − 4 ∗ 5622 ∗ 3622

2 ∗ 3622
 

  
Tan α = 1.565  then α = 29.5o   
Or  
Tan α = 2.75  then α = 70o 


