
M.5 Projectile Motion 

 

A projectile is a body that has been thrown or projected, and is travelling freely through the 

air. While undergoing projectile motion the object is under the constant unbalanced force of 

gravity. When we study projectile motion, no consideration is given to the force projecting 

the body or to what happens when it lands. Air resistance is considered to be negligible (in 

quantitative questions), but can be taken into consideration in qualitative questions. The 

projectile will travel either: vertically or inclined, depending on the initial angle of projection. 

 

The vertical and horizontal motions are treated independently. Usually the vertical motion is 

treated first, since it determines how long the projectile is in the air. 

 

 Vertically     Inclined 

 

For both the vertical and inclined projectiles: 

 the only force acting is the weight, ie. the bodies are in free fall 

 acceleration is always 9.8 ms-2 downward, (including the point C) 

 the instantaneous velocity is tangential to the path 

 the total energy (KE & PE) is constant 

 between any two points ΔKE  = - ΔPE  

 paths are symmetrical for time eg. Δ t (A to B) = Δ t (D to E): 

 Δ t (A to C) = Δ t (C to E) 

 paths are symmetrical for speed eg. speed at A = speed at E; speed at B = speed at D. 

 for vertical motion vat c = 0,  for inclined motion vat c  0. (vertical component = 0) 

 

Inclined or oblique projections 

 the only force acting is vertically down, so the acceleration and change in velocity are 

vertical. 

 horizontally there is no component of force, so constant horizontal velocity.  

 Maximum range is when angle of projection is 450 
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M.5.1 Horizontal Projection 

 

When the body is launched horizontally and follows a parabolic path to the ground it is really 

the second half of an inclined projection. The time of flight is controlled by the height from 

which it is released. The speed of projection will not affect the time 't' that it takes to land. 

The 'range' of this projectile is given by the x = vhorizontal × t.  

 

For projectiles thrown horizontally and dropped from rest, the vertical motions are the same. 

This can be shown by a multi-flash photograph. 

 

 

The interval between the lines represents 

how far the ball has travelled in a small 

time interval. Notice that the distance 

between the horizontal lines increases as 

the ball descends, indicating that the ball is 

speeding up. The distance between 

successive vertical lines remains constant, 

indicating that the ball is travelling with a 

constant velocity in the horizontal 

direction. 

 

 

 

 

 

 

 

 

 

If we analyse the motion by using resolution of vectors we get the following: 

 

       

 

 

      

        
     

         
 

    

     

 

         

 

Horizontal:      Vertical:  

velocity always = vhorizontal    Velocity v = u + gt 

 acceleration = 0    acceleration = g 

 displacement = x = vhorizontal × t  displacement y = ut + ½ gt2 
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To find the 'total' velocity, add vvertical and vhorizontal using vectors. 

 

If one projectile was fired horizontally, at the same time that another was dropped (from the 

same height), then both objects would hit the ground at the same time. This is because both 

their vertical motions were identical. (Same distance to fall, initial speed = 0, and acceleration 

= -g) 

 

Example 

 

A golf ball of 150 g is hit horizontally from the top of a 40.0 m high cliff with a speed of 25.0 

ms-1. Using g = 9.80 ms-2 and ignoring air resistance, calculate 

 

 
 

a. The time the ball takes to land. 

b. The distance that the ball travels from the base of the cliff. 

c. The velocity of the ball as it lands. 
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