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Projectile Motion 

Vertical: 

A projectile is any object that is given an initial velocity then continues on in a state of free fall. A 

body is in free fall when the only force acting on it is gravity (air resistance is negligible). The force of 

gravity is constant and, by F=ma, makes the body accelerate. Near the surface of the earth, the body 

accelerates1 uniformly at 10m.s-2. In a vacuum, all bodies accelerate at the same rate irrespective of 

their mass. 

1.) Body falling from rest: 

Unless told otherwise, neglect air resistance in your calculations. All the equations of motion are 

applicable to free fall, using a = g = 10m.s-2. 

        

      
 

 
     

          

Try out this example: 

Example 1: 

A consulting detective drops from rest from the top of a building and falls freely and vertically 

downwards for 5 seconds. 

a) Calculate the distance he falls in 5 s 

b) Calculate his final velocity after 5 s 

See the memo at the end of this document for the answers. 

 

2.) Body projected vertically upward or downward: 

In these problems, such as a ball being thrown up and coming down to the ground, there are two 

directions involved. As such, you will need to define one of them as positive. It is often easier to 

define downwards as positive (g = +10m.s-2) 

The motion is symmetrical, meaning that the time up is equal to the time down to the same point. 

Remember to state the direction of vector quantities. 

Try these examples: 

 

                                                           
1
 g is technically equal to 9.8m.s

-1
. Use whichever value is specified by the question or your educational 

institute. 
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Example 2: 

A crime lord fires a bullet vertically upwards from the ground at 200m.s-1. Ignoring air resistance, 

calculate: 

a) The time taken for the bullet to fall to the ground 

b) The maximum height reached 

c) At what height on its upward journey the bullet had a velocity of 100m.s-1 

Example 3: 

A man standing on a rooftop 30m high throws a squash ball vertically upwards at 50m.s-1. Calculate: 

a) The maximum height reached 

b) The time taken to reach the maximum height 

c) The total time taken to hit the ground 

A whole set of examples: 

1) A stone dropped from a bridge strikes the water after 5s. Calculate the height of the bridge 

above the surface of the water. 

2) A ball is dropped from a bridge 180m high. 

a. How long does it take to strike the ground? 

b. At what speed does it strike the ground? 

3) A parachutist falls a distance of 80m before his parachute opens. Ignoring air resistance, how 

long did it take for his parachute to open? 

4) A bullet is fired vertically downwards from a stationary hot air balloon 2km above the 

ground. If the bullet leaves the balloon at a velocity of 200m.s-1, at what velocity will it strike 

the ground? 
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In two dimensions: 

 Throw a cricket ball upwards and sideways. Observe its trajectory (the path it follows). All 

trajectories seem to parabolic. 

 If you drop one marble vertically downwards and another sideways from the same height, 

they should strike the ground at the same time. The time taken for an object dropped 

vertically to hit the ground is equal to the time taken for an object projected horizontally 

from the same height to hit the ground. 

 

1.) Finding the trajectory of a projectile 

There are two separate motions happening simultaneously: a vertical acceleration and a horizontal 

constant velocity. They are independent of each other. They are linked, however, through the time 

taken. 

Examples for you to try: 

1.) An object is projected with a horizontal velocity of 5m.s-1 from a stationary helicopter 1000m 

above the ground. Calculate: 

a. Time taken to reach the ground 

b. The horizontal displacement (range) 

2.) An object is projected horizontally from a tower 400m high with a velocity of 4m.s-1. 

Calculate: 

a. How long it takes from reach the ground 

b. The range 

3.) A soldier 1.8m tall fires his rifle on a horizontal firing range. The bullet leaves the rifle with a 

horizontal velocity of 2km.s-1. Find the range. 
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Projecting at an angle: 

In these problems, an object will be projected upwards at a given angle. The first thing you need to 

do is resolve the initial velocity into vertical and horizontal components. Using trigonometry: 

               

               

After this, proceed as in the previous section. 

Component Example: 

An object is projected with an initial velocity of 50m.s-1 at an angle of 53.13⁰ above the horizontal. 

Resolve into components. 

Exercise: 

1.) A helicopter is flying at a constant velocity of 150km.h-1 north, at a steady altitude of 100m. 

The pilot wants to drop a package onto a point on the ground without changing speed or 

altitude. How far before it reaches the point must the package be released? 

2.) A rocket is launched with a velocity of 3km.s-1 at an angle of 30⁰ to the ground. 

a. What is the maximum height reached by the bullet? 

b. How long does it take to reach this height? 

c. What is the range when the bullet hits the ground? 

d. At what velocity will it hit the ground? 
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Memo: 

Example 1: 

Data:           
        
              
        
       
 

a)       
 

 
     

  ( )( )  
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b)         

    (  )( )  

           

Example 2: 

Data:             
             
               (working from ground to top; let up be positive) 
        
       

 

a) Time for half journey: 

         

      (   )    

        

Therefore,                          

 

b)       
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       (     )  

                 

 

c)            

           (   )    
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Example 3: 

Data:            

            
                (let up be positive) 
        
       

 

a)           

        (   )   

          

       from roof 

                from ground 

 

b)         

   
   

 
  

   
    

   
  

       

 

c)       
 

 
     

        
 

 
(   )     

           

                                          

 

A whole set of examples: 

1)       
 

 
     

  ( )( )  (
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2)  

a.       
 

 
     

        
 

 
(  )     

        

       

b.           
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3)       
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4)           
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Examples for you to try: 

1)  

a. Vertical: 
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b. Horizontal: 
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2)  

a. Vertical: 
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b. Horizontal: 
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3) Vertical time: 
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Horizontal range: 

      
 

 
      

  (    )(   )  
 

 
( )(   )   

         

 

Component Example: 

Vertical component: 

     (        )  
        

    
 

Horizontal component: 

     (        )  
        

    
 
 

Exercise: 

1) Horizontal velocity = 125km.h-1 = 125/3 m.s-1  
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Horizontal:        
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2)           
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b.       
 

 
     

                    

                    

            

 

c.       
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d.           
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