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O-LAB 2: Projectile motion 

Purpose: discover the relationship between the parameters in two-dimensional projectile motion. 

Introduction 

When objects undergo motion in two (or even three) dimensions rather than in just one, the 
overall motion can be analyzed by looking at the motion in any two (or three) mutually perpendicular 
directions and then putting the motions “back together.” In the case of projectiles, the obvious 
horizontal direction and vertical direction are usually chosen. Ignoring the effects of air resistance, an 
object moving vertically near the surface of Earth experiences a constant acceleration. We know this by 
experiment. Likewise an object moving horizontally experiences zero acceleration. Any other choice of 
perpendicular directions would have nonzero, constant values of acceleration in both directions. When 
we write the descriptions of the motion in mathematical terms, the horizontal/vertical choice of 
directions results in the simplest description. 

Under what conditions can the effects of air resistance be ignored? One condition is that the 
object’s speed is not too high, since the effect of the air resistance increases with speed. If two objects 
are the same size and shape, the lighter one of the two will experience the larger effect on its motion 
due to the air. Care has been taken to ensure that air resistance is negligible for this laboratory. When 
conditions are such that air resistance cannot be ignored, the motion is more complicated. 

Neglecting air resistance and assuming that up is the positive y direction, we have the equations, 
  Horizontal direction    Vertical direction 
  𝑎 = 0      𝑎 = −𝑔  
  𝑣 = 𝑣      𝑣 = 𝑣 − 𝑔𝑡 

  𝑥 = 𝑥 + 𝑣 𝑡     𝑦 = 𝑦 + 𝑣 𝑡 − 𝑔𝑡   

where 𝑣 = 𝑣 cos𝜃 and 𝑣 = 𝑣 sin𝜃. These equations are the same as the ones you learned in the 
classroom, and we will use these to analyze our projectile motion laboratory results. 

Laboratory assignment 

Part 1: level ground 
1. View the simulation for projectile motion. 
2. We want to find Range (horizontal distance travelled by the projectile) for a fixed initial 

projection speed (𝑣  fixed) but with different projection angles. Make sure that the 
height of cannon is zero 

3. Run the simulation for a fixed speed of projection, 𝑣  = 15 m/s, but with different angle 
of projection, θ [30, 45, 60, 75].  Measure the ranges R using the target for each angle as 
described below for each trial and place the values in Table I. 

4. Derive an expression using the space below for the time of flight 𝑡 for the projectile. 
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5. Fill in the rest of Table I with your calculated values to 3 significant figures. Use your 
horizontal kinematic equation to determine the range. The % difference can be 
calculated via the equation 

% 𝑑𝑖𝑓𝑓 =
𝑅 − 𝑅

𝑅
 

 

Table I 

6. Initial speed, 𝑣 = ______________        
Angle θ (o) 30 45 60 75 

𝑣  (m/s)     

𝑣  (m/s)     

Measured 𝑅 (m)     

Calculated 𝑡 (s)     

Calculated 𝑅 (m)     

% difference     

 

7. Plot 𝑡 vs. sin 𝜃 in the graph below. Also draw a trendline and write the slope on the 
graph (including the proper units). 
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Part 2: horizontal and from a height 

8. We want to investigate the projectile motion when it is launched horizontally (so that 
𝑣 = 0) with varying initial speeds 𝑣  from a fixed height above the ground. 

9. Click on the crosshairs of the cannon and drag it up to a height of 10 m. 
10. Set the angle to 0°. 
11. Derive an expression using the space below for the time of flight 𝑡 for the projectile. 

 

 

 

 

 

 

 

 

 

 

12. Set the initial velocity to the values in Table II [5 m/s, 10 m/s, 15 m/s, 20 m/s], and 
record the ranges in Table II using target as your measuring tool. 
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Table II 

𝑣  (m/s) 5 10 15 20 

Measured 𝑅 (m)     

Calculated 𝑡 (s)     

Calculated 𝑅 (m)     

% difference     

 

13. Fill in the rest of Table I with your calculated values to 3 significant figures. 
14. Write a short conclusion. 
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