
Projectile Motion Experiment

I.  INTRODUCTION

1.1. Projectile Motion

Anyone who has observed a baseball in motion (or, for that matter, any other object thrown 
into the air) has observed projectile motion. The ball moves in a curved path, and its 
motion is simple to analyze if we make two assumptions: (1) the free-fall acceleration g is 
constant over the range of motion and is directed downward, and (2) the effect of air 
resistance is negligible. With these assumptions, we find that the path of a projectile, which 
we call its trajectory, is always a parabola.

To show that the trajectory of a projectile is a parabola, let us choose our reference frame 
such that the y direction is vertical and positive is upward. Because air resistance is 
neglected, we know that ay = - g (as in one-dimensional free fall) and that ax = 0. 
Furthermore, let us assume that at t 0, the projectile leaves the  origin (xi =yi= 0) with 
speed vi, and the vector vi makes an angle 𝜃i with the horizontal, where 𝜃i is the angle at 
which the projectile leaves the origin. From the definitions of the cosine and sine functions 
we have 
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Purpose: 

The main purpose of this experiment is to study 
and analyze:  

I. The position and velocity of the motion 

with constant velocity, 

II. The acceleration of a straight-line motion 

with constant acceleration, 

III. Horizontal projectile (two-dimensional) 

motion of an object moving on an inclined 

air table,  

IV. Conservation of linear momentum. 

 

Introduction to the Air Table  

The air table consists of four main components: 

the flat plane, spark timer, pucks and compressor 

(Figure-1). 

1. The Flat Plane: With a very smooth 

surface. Black carbon paper and white 

recording paper are placed on it (55x55 

cm). 

2. Spark Timer: It produces sparks with 

frequencies of 10,20,30,40 and 50Hz. In 

the experiments we select the frequency 

10 or 20 Hz. This gives the best results. 

3. Pucks: They are rigid heavy metal disks 

with very smooth surfaces. A hole is 

drilled at the center through which the 

pressured air flows. When the 

compressor is operated by pressing the 

pedal, the air with pressure flows through 

the holes of the puck and forms an air 

cushion between the two smooth 

surfaces: the plate of air table and 

smooth surface of the puck. Thus the 

pucks slide on the surface almost without 

any friction.  

 

 

There is also an electrode at the bottom of the 

puck. When the spark timer is operated by 

pressing its switches, then high voltage produces 

sparks which causes dark spots on the white 

paper with equal time intervals.  

If we place a piece of paper under the puck, we 

can record its trajectory by use of a spark 

apparatus, which leaves a trail of dots on the 

paper. The study of these dots enables us to 

measure the position as a function of time for the 

moving pucks.  

 

 

 

 
Figure-1: Air Table Product. 
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PROJECTILE MOTION
Anyone who has observed a baseball in motion (or, for that matter, any other ob-
ject thrown into the air) has observed projectile motion. The ball moves in a
curved path, and its motion is simple to analyze if we make two assumptions: 
(1) the free-fall acceleration g is constant over the range of motion and is directed
downward,1 and (2) the effect of air resistance is negligible.2 With these assump-
tions, we find that the path of a projectile, which we call its trajectory, is always a
parabola. We use these assumptions throughout this chapter.

To show that the trajectory of a projectile is a parabola, let us choose our refer-
ence frame such that the y direction is vertical and positive is upward. Because air
resistance is neglected, we know that (as in one-dimensional free fall)
and that Furthermore, let us assume that at t ! 0, the projectile leaves the
origin ) with speed vi , as shown in Figure 4.6. The vector vi makes an
angle "i with the horizontal, where "i is the angle at which the projectile leaves the
origin. From the definitions of the cosine and sine functions we have

Therefore, the initial x and y components of velocity are

Substituting the x component into Equation 4.9a with xi ! 0 and ax ! 0, we find
that

(4.10)

Repeating with the y component and using yi ! 0 and ay ! # g, we obtain

(4.11)

Next, we solve Equation 4.10 for t ! xf/(vi cos "i) and substitute this expression
for t into Equation 4.11; this gives

(4.12)y ! (tan "i)x # ! g
2vi 

2 cos2 "i
"x2

y f ! vyit $ 1
2ayt2 ! (vi sin "i)t # 1

2gt2

x f ! vxit ! (vi cos "i)t

vxi ! vi cos "i  vyi ! vi sin "i

cos "i ! vxi/vi  sin "i ! vyi/vi

(x i ! y i ! 0
ax ! 0.

ay ! #g

4.3

3.5

Solution Because at t ! 0, Equation 2.11 gives

Therefore, the position vector at any time t is

[(20t $ 2.0t2)i # 15t j] mrf ! x f i $ y f j !

(#15t) m y f ! vyit !

(20t $ 2.0t2) mx f ! vxit $ 1
2axt2 !

x i ! y i ! 0 (Alternatively, we could obtain rf by applying Equation 4.9 di-
rectly, with m/s and a ! 4.0i m/s2. Try it!)
Thus, for example, at t ! 5.0 s, x ! 150 m, y ! # 75 m, and
rf ! (150i # 75j) m. The magnitude of the displacement of
the particle from the origin at t ! 5.0 s is the magnitude of rf
at this time:

Note that this is not the distance that the particle travels in
this time! Can you determine this distance from the available
data?

rf ! # rf # ! √(150)2 $ (#75)2 m ! 170 m

vi ! (20i # 15j)

1 This assumption is reasonable as long as the range of motion is small compared with the radius of the
Earth (6.4 % 106 m). In effect, this assumption is equivalent to assuming that the Earth is flat over the
range of motion considered.
2 This assumption is generally not justified, especially at high velocities. In addition, any spin imparted
to a projectile, such as that applied when a pitcher throws a curve ball, can give rise to some very inter-
esting effects associated with aerodynamic forces, which will be discussed in Chapter 15.

Assumptions of projectile motion

Horizontal position component

Vertical position component



Figure 1. Projectile motion

Suppose that at time t = 0 , the particle is at the point (x0 , y0 ) and at this time its 
velocity components have the initial v0 x and v0 y . Since the velocity of horizontal 
motion in the projectile motion is constant, we find: 

 

If we take the initial position (at t = 0) as the origin, then: x0 =y0 =0 

the equation of motion along the  x axis as:  

For the motion along the y axis , the velocity (v y ) at the later time, t becomes: 

4.3 Projectile Motion 83

This equation is valid for launch angles in the range We have left
the subscripts off the x and y because the equation is valid for any point (x, y)
along the path of the projectile. The equation is of the form which is
the equation of a parabola that passes through the origin. Thus, we have shown
that the trajectory of a projectile is a parabola. Note that the trajectory is com-
pletely specified if both the initial speed vi and the launch angle !i are known.

The vector expression for the position vector of the projectile as a function of
time follows directly from Equation 4.9, with ri " 0 and a " g:

This expression is plotted in Figure 4.7.

r " vit # 1
2 gt2
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Figure 4.6 The parabolic path of a projectile that leaves the origin with a velocity vi . The veloc-
ity vector v changes with time in both magnitude and direction. This change is the result of accel-
eration in the negative y direction. The x component of velocity remains constant in time be-
cause there is no acceleration along the horizontal direction. The y component of velocity is zero
at the peak of the path.

r

x

(x,y)

gt2

vit

O

y

1
2

Figure 4.7 The position vector r of a projectile whose initial velocity at the origin is vi . The vec-
tor vit would be the displacement of the projectile if gravity were absent, and the vector is its
vertical displacement due to its downward gravitational acceleration.
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A welder cuts holes through a heavy metal
construction beam with a hot torch. The
sparks generated in the process follow para-
bolic paths.

QuickLab
Place two tennis balls at the edge of a
tabletop. Sharply snap one ball hori-
zontally off the table with one hand
while gently tapping the second ball
off with your other hand. Compare
how long it takes the two to reach the
floor. Explain your results.
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Suppose that at time 0 t , the particle is at the 

point ),( 00 yx  and at this time its velocity 

components have the initial xv0 and yv0 . Since 

the velocity of horizontal motion in the projectile 

motion is constant, we find:  

0 xa      (17) 

xx vv 0    (18) 

tvxx x� 0    (19) 

If we take the initial position )0(  tat  as the 

origin, then: 

000   yx     (20) 

Using this relationship in the Equation-(19), we 

will find the equation of motion along the 

axisx � as: 

tvx x  (21) 

 

For the motion along the axisy � , the velocity 

)( yv at the later time, t  becomes: 

atvy     (22) 

2

2
1 aty   

 

(23) 

 

 

The dots produced on the data sheet will look like 

the figure as shown in the Figure-(7). Here, note 

that the intervals between the dots of the x -

projections in the horizontal direction are equal.  

 

The projectile motion has a constant horizontal 
velocity and a constant vertical (downward) 
acceleration due to gravity. The vertical 

distance )(y  caused by the change in the 

velocity is given by Equation-(23). Finally, if you 

analyze the projectile motion, you can make the 

following important conclusions:  

� The horizontal component )( axisx �  of a 

projectile’s velocity is constant. (So, the 

horizontal component of acceleration, in 

other words, is zero).  

� The projectile motion will have a constant 

downward )( axisy �  acceleration due to 

gravity as seen in the Figure-(7). 

 

 
Figure-7: Schematic diagram of the horizontally 

projected motion of the puck on an inclined air 

table. 
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Figure-7: Schematic diagram of the horizontally 

projected motion of the puck on an inclined air 

table. 



The dots produced on the data sheet will look like the figure as shown in the Figure-(2). 
Here, note that the intervals between the dots of the x- projections in the horizontal 
direction are equal. 

Figure 2. Schematic diagram of the horizontally projected motion of the puck on an 
inclined air table. 
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II.   APPARATUS
Air Table set.

III. EXPERIMENTAL PROCEDURE

1. Place the foot leveling block at the upper leg of the air table to give the plane an 
inclination angle of 𝜃=90 . 

2. Adjust the frequency of the spark timer, f =20Hz. 

3. Keep one of the pucks stationary on a folded piece of data sheet paper and carbon 
paper at the lower corner of the plane. 

4. Attach the shooter to the upper left side of the table with 00 (zero degrees) shooting 
angle to give horizontal shooting. 

5. Make test shootings to find the best tension of the rubber to give a convenient 
trajectory. 

6. First activate the compressor pedal and as you release the puck from the shooter 
also start the spark timer by pressing its pedal. Stop pressing both pedals when 
pucks reach the bottom of the plane. These dots are the data points of the 
trajectory- A . 

7. Now, place the puck opposite to the shooter without tension of shooter (note that 
the puck must be outside the shooter). Then activate both compressor pedal and 
spark timer pedal in the same time and then let it slide freely down on the inclined 
plane. The dots will give trajectory- A . 

8. Remove the data sheet and examine the dots of trajectory. If the data points are 
inconvenient to analyze, repeat the experiment and get new data. 

9. Select a clear dot on the path as the initial position of the motion as y= 0  and t = 0 . 

. 9.1.  Circle and number the data points  (dots starting from the first dot as 0) 
as 0, 1, 2, 3, 4, 5...10 as shown in the Figure-(3). 

. 9.2.   Consider the downward trajectory as positive y axis and horizontal 
projectionaspositive x axis. 

10. Draw perpendicular lines from dots to x and y axis for the trajectory- B by taking the 
first dot (dot 0) as the origin (0, 0) . This origin is the initial position of the projectile 
motion. 

11. Measure the horizontal x (m) and  vertical y (m) displacements from the initial 
position (0, 0) and then record in the experimental data tables.  



12. Determine the time (t) for each of these dots. The time interval between two dots is 
given by 1/ f which is equal to 1/20 seconds. Then, calculate total time of flight (tf ) 
corresponding to the total  horizontal displacement (xR ) of a projectile. 

13. Calculate and record the horizontal velocity (vx ) by using the time of flight  (tf ) and 
the total horizontal distance traveled during the motion (xR ) .  Complete the data 
Table-(1). 

14. Starting from dot “0” of the trajectory-B,  measure the distances of the y  projections 
(y-axis) of the first 10 data points (dots). Determine also the times corresponding to 
each of these dots. 14.1. Fill the measurements in the trajectory-B columns in the  
experimental data Table-(2). 

15. Similarly, by starting from dot “0” of the trajectory-A, measure the distances of the y-
projections of the first 10 data points (dots). 

. 15.1.  Calculate the times corresponding to each of the dots for trajectory-A. 

. 15.2.  Record your data values in the trajectory-A columns in the T able-(5). 

16. Using the equation y=1/2 at 2 , find the  accelerations aA and aB of the vertical 
motions for both trajectory-A and B. In  the calculations, take displacement- y as the 
total distance of the first 10 dots  starting from the dot-0 on the y axis . 

17. Compare these two accelerations of both trajectories and also compare them with 
the acceleration found in the previous experiment (Part-A).  

Figure 3. The dots as data points produced by the puck on the data sheet. 
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Experimental Procedure 

1. Place the foot leveling block at the upper 

leg of the air table to give the plane an 

inclination angle of 09 T . 

2. Adjust the frequency of the spark timer,

Hzf 20 . 

3. Keep one of the pucks stationary on a 

folded piece of data sheet paper and 

carbon paper at the lower corner of the 

plane.  

4. Attach the shooter to the upper left side 

of the table with 00 (zero degrees) 

shooting angle to give horizontal 

shooting.  

5. Make test shootings to find the best 

tension of the rubber to give a convenient 

trajectory. 

6. First activate the compressor pedal and 

as you release the puck from the shooter 

also start the spark timer by pressing its 

pedal. Stop pressing both pedals when 

pucks reach the bottom of the plane. 

These dots are the data points of the 

trajectory- A .  

7. Now, place the puck opposite to the 

shooter without tension of shooter (note 

that the puck must be outside the 

shooter). Then activate both compressor 

pedal and spark timer pedal in the same 

time and then let it slide freely down on 

the inclined plane. The dots will give 

trajectory- A . 

8. Remove the data sheet and examine the 

dots of trajectory. You must get the 

trajectories illustrated in Figure-(8). If the 

data points are inconvenient to analyze, 

repeat the experiment and get new data.  

 

9. Select a clear dot on the path as the 

initial position of the motion as 0 y  

and 0 t . 

9.1. Circle and number the data points 

(dots starting from the first dot as 0) 

as 0, 1, 2, 3, 4, 5…10 as shown in 

the Figure-(8). 

9.2. Consider the downward trajectory as 

positive axisy �  and horizontal 

projection as positive axisx � .  

10. Draw perpendicular lines from dots to 

axisyandx �  for the trajectory- B  by 

taking the first dot (dot 0) as the origin 

)0,0( . This origin is the initial position of 

the projectile motion. 

11. Measure the horizontal )(mx  and 

vertical )(my  displacements from the 

initial position )0,0(  and then record in 

the experimental data tables. 

 

 

Figure-8: The dots as data points produced by 

the puck on the data sheet. 



Table 1 Horizontal velocity of the projectile motion.

Frequency 
f(Hz) Dot number Measured  value

20

x(m) t(s) xR(m) tf(s) vx(m/s)

measured measured calculated calculated calculated

0 0 0

1

2

3

4

5

6

7

8

9

10
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Table 2. The measurements of accelerations for the trajectory-A and trajectory-B 

Dot 
number

Trajectory-A Trajectory-B Trajectory-A Trajectory-B 

(Vertical Motion) (Vertical Motion) (By the slope) (By the slope) 

y(m) t(s) y(m) t(s) aA=(m/s2) aB=(m/s2)

0 0 0 0 0 0 0

1

2

3

4

5

6

7

8

9

10


