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G 1   Projectile motion
A. Objectives

(1) To draw the trajectory of the projectile motion of a ball bearing;
(2) To study the trajectories of projectile motions with different initial projected speed vo;
(3) To find out the relation between the projecting angle θ and the range R of a projectile motion 

at fixed vo and determine the maximum range Rmax of the motion.

B. Theory
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Since the initial velocity vo is a vector, it can be resolved into two components. Write expressions for the vertical 
component voy and the horizontal component vox if the projecting angle is θ
.

Which component is affected by gravity?  Why?

Let the starting point of the trajectory be the origin. Write equations for the vertical displacement y and the 
horizontal displacement x in terms of time t, taking t = 0 when the ball bearing (marble) is at the origin. 
Remember that each component undergoes an independent motion.

By eliminating t from the above equations, derive an expression for the trajectory of the projectile, i.e. y (x).
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Also derive an expression for the range of the projectile in terms of vo and θ.

For a fixed vo , at what angle does R attains a maximum and what is its maximum value?

Assume there is no energy loss due to friction and the ball bearing (marble) does not roll while it is flying. 
Calculate the numerical value of vo when the ball bearing (marble) is released from the height h = 55 cm.

Hence calculate the maximum value of R.

Plot the theoretical R against θ on a graph paper.  Label it clearly.

Theoretical data

Projecting angle θ / ° 25 o 30 o 35 o 40o

Range R / m

45 o 50 o 55 o 60 o

C. Apparatus  
An H-shaped aluminum rail, bench, stand and clamp, meter rule, ball bearing, carbon paper, protractor, others upon 
request.

D. Method, Data and Data Analysis
An H-shaped aluminum rail (~ 2 m) is bent and fit to a long bench as shown in Fig. 1 so that the near end 
makes an angle θ ( ~30°) with the bench.   A ball bearing (marble) on the rail is put at a height h (~1 m) 
above the bench.

The trajectory
The ball bearing (marble) is released so that it rolls down the rail and eventually projects onto the bench.

Draw in Fig. 1 the path of the ball bearing while it is flying.

 

bench Fig. 1

vo
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The flying ball bearing is said to perform a projectile motion. The path that you have drawn is called the 
trajectory of the projectile. If y denotes the vertical displacement of the ball bearing (marble), x denotes its 
horizontal displacement, and t denotes the time elappsed, what does the trajectory represent - a y-t, x-t, or y-x 
graph?

Variation with vo
By considering the conservation of energy, describe how the projecting velocity vo of the ball bearing (marble) 
is affected by h.

The ball bearing is released from various heights (keep the angle θ constant). Describe the difference between 
trajectories for different projecting velocities.

Variation with θ
The horizontal distance covered by the ball bearing when it reaches the bench is called the range R of the 
projectile. Keeping h constant, measure the range R at various projecting angles θ. 

Draw experimental setup in the below box in order to show how
(1) the height h and the projecting angle θ can be measured correctly,
(2) the landing position of the ball bearing / marble can be marked;
(3) the projecting angle is varied without any change in the height.

Set-up diagram
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Describe how to minimize the random error in the measurement of the range.

Tabulate your readings and plot a graph of R against θ on the same graph paper.  Label it as clearly.

h = 55 cm
Projecting angle θ / ° 25 o 30 o 35 o 40o

Range R / m

45 o 50 o 55 o 60 o

Read from your graph the maximum value of R.  _____________________________

For what value of θ is R a maximum?   ______________________________

Compare this calculated result with the experimental result.  Account for any discrepancy.

Plot also the examiner’s R against θ on the same graph paper.  Label them clearly.

Examiner’s data

Projecting angle θ / ° 25 o 30 o 35 o 40o

Range R / m

45 o 50 o 55 o 60 o
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  Comment on the three curves.

E. Discussion  
1. The trajectory of a projectile can be analyzed by taking a stroboscopic photograph. Predict what such a 

photograph would look like. Give reasons.
2. You have derived function y = f (x) for the trajectory of a projectile. What is the shape of the trajectory as 

suggested by this function? Sketch this function and label all significant points.
3. If vx and vy are respectively the horizontal and vertical components of the velocity at time t, sketch the 

following graphs and label all significant points: (a) y - t,  (b) vy - x,  (c) vy - t,  (d) x - t,  (e) vx - x and  (f) 
vx - t. Discuss the physical significance of these graphs.

4. How does air resistance affect a projectile motion? To what extent is the projectile influenced by air 
resistance for objects of different masses, shapes and sizes?  Give examples and sketch typical trajectories 
to illustrate your answers.
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You may add supplementary paper.

F. Conclusion
(1) The trajectory of a projectile motion is a p___________ which open _____________.

(2) The greater the projected speed in a projectile motion, the ______________ will be the 
maximum height and the range.  The time of flight is _________________.

(3) The relation between the range R and the projected angle θ was recorded on the graph paper. 
Maximum Range of ______________was attained with the projected angle is __________.  

When compared with the theoretical value of maximum range, the experiment result is 
_____________ %  ______________ than the expected one.

Reference :  1. Duncan 1, pp. 27-28 2.  Beyond 2000, pp. 14-16 3.  Further 1, pp. 33 – 40


