
Straight Line Motion with Constant Velocity Experiment

I.  INTRODUCTION

1.1.Motion

If a particle is moving, we can easily determine its change in position. The displacement 
of a particle is defined as its change in position. As it moves from an initial position xi 
to a final position xf, its displacement is given by xf xi. We use the Greek letter delta ( ) to 
denote the change in a quantity. Therefore, we write the displacement, or change in 
position, of the particle as 

 

The average velocity vx of a particle is defined as the particle’s displacement x divided by 
the time interval t during which that displacement occurred: 

where the subscript x indicates motion along the x axis. From this definition we see that 
average velocity has dimensions of length divided by time ( L/T ) — meters per second in 
SI units. 
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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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s a first step in studying classical mechanics, we describe motion in terms of
space and time while ignoring the agents that caused that motion. This por-
tion of classical mechanics is called kinematics. (The word kinematics has the

same root as cinema. Can you see why?) In this chapter we consider only motion in
one dimension. We first define displacement, velocity, and acceleration. Then, us-
ing these concepts, we study the motion of objects traveling in one dimension with
a constant acceleration.

From everyday experience we recognize that motion represents a continuous
change in the position of an object. In physics we are concerned with three types
of motion: translational, rotational, and vibrational. A car moving down a highway
is an example of translational motion, the Earth’s spin on its axis is an example of
rotational motion, and the back-and-forth movement of a pendulum is an example
of vibrational motion. In this and the next few chapters, we are concerned only
with translational motion. (Later in the book we shall discuss rotational and vibra-
tional motions.)

In our study of translational motion, we describe the moving object as a parti-
cle regardless of its size. In general, a particle is a point-like mass having infini-
tesimal size. For example, if we wish to describe the motion of the Earth around
the Sun, we can treat the Earth as a particle and obtain reasonably accurate data
about its orbit. This approximation is justified because the radius of the Earth’s or-
bit is large compared with the dimensions of the Earth and the Sun. As an exam-
ple on a much smaller scale, it is possible to explain the pressure exerted by a gas
on the walls of a container by treating the gas molecules as particles. 

DISPLACEMENT, VELOCITY, AND SPEED
The motion of a particle is completely known if the particle’s position in space is
known at all times. Consider a car moving back and forth along the x axis, as shown
in Figure 2.1a. When we begin collecting position data, the car is 30 m to the right
of a road sign. (Let us assume that all data in this example are known to two signifi-
cant figures. To convey this information, we should report the initial position as 
3.0 ! 101 m. We have written this value in this simpler form to make the discussion
easier to follow.) We start our clock and once every 10 s note the car’s location rela-
tive to the sign. As you can see from Table 2.1, the car is moving to the right (which
we have defined as the positive direction) during the first 10 s of motion, from posi-
tion ! to position ". The position values now begin to decrease, however, because
the car is backing up from position " through position #. In fact, at $, 30 s after
we start measuring, the car is alongside the sign we are using as our origin of coordi-
nates. It continues moving to the left and is more than 50 m to the left of the sign
when we stop recording information after our sixth data point. A graph of this infor-
mation is presented in Figure 2.1b. Such a plot is called a position–time graph.

If a particle is moving, we can easily determine its change in position. The dis-
placement of a particle is defined as its change in position. As it moves from
an initial position xi to a final position xf , its displacement is given by We
use the Greek letter delta (") to denote the change in a quantity. Therefore, we
write the displacement, or change in position, of the particle as

(2.1)

From this definition we see that "x is positive if xf is greater than xi and negative if
xf is less than xi . 

"x ! x f # x i

x f # x i .

2.1

A

TABLE 2.1
Position of the Car at
Various Times

Position t(s) x(m)

! 0 30
" 10 52
% 20 38
$ 30 0
& 40 # 37
# 50 # 53
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positive displacement !"x, and any object moving to the left undergoes a negative
displacement #"x. We shall treat vectors in greater detail in Chapter 3. 

There is one very important point that has not yet been mentioned. Note that
the graph in Figure 2.1b does not consist of just six data points but is actually a
smooth curve. The graph contains information about the entire 50-s interval during
which we watched the car move. It is much easier to see changes in position from
the graph than from a verbal description or even a table of numbers. For example, it
is clear that the car was covering more ground during the middle of the 50-s interval
than at the end. Between positions ! and ", the car traveled almost 40 m, but dur-
ing the last 10 s, between positions # and $, it moved less than half that far. A com-
mon way of comparing these different motions is to divide the displacement "x that
occurs between two clock readings by the length of that particular time interval "t.
This turns out to be a very useful ratio, one that we shall use many times. For conve-
nience, the ratio has been given a special name—average velocity. The average ve-
locity of a particle is defined as the particle’s displacement !x divided by
the time interval !t during which that displacement occurred:

(2.2)

where the subscript x indicates motion along the x axis. From this definition we
see that average velocity has dimensions of length divided by time (L/T)—meters
per second in SI units.

Although the distance traveled for any motion is always positive, the average ve-
locity of a particle moving in one dimension can be positive or negative, depending
on the sign of the displacement. (The time interval "t is always positive.) If the co-
ordinate of the particle increases in time (that is, if then "x is positive and

is positive. This case corresponds to motion in the positive x direction.
If the coordinate decreases in time (that is, if then "x is negative and
hence is negative. This case corresponds to motion in the negative x direction.vx

x f $ x i),
vx % "x/"t

x f & x i),

vx ! 
"x
"t

vx

Figure 2.2 Bird’s-eye view of a baseball
diamond. A batter who hits a home run
travels 360 ft as he rounds the bases, but his
displacement for the round trip is zero.
(Mark C. Burnett/Photo Researchers, Inc.)

Average velocity

3.2



For a displacement along the x-axis, the average velocity ( vav ) of the object is equal to 
the slope of a line connecting the corresponding points on the graph of position versus 
time ( x t graph ). The average velocity depends only on the total displacement ( x ) that 
occurs during the motion time(t). The position, x(t) of an object moving in a straight line 
with constant velocity is given as a function of time as: 

If the object is at the origin with the initial position x0 0, the equation of the motion 
becomes at  any time;

So, the object travels equal distance in the equal time intervals along a straight line.  

1.2. 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.  

II.   APPARATUS

2.1. Introduction to the Air Table 

The air table consists of four main components: the flat plane, spark timer, pucks 
and compressor (Figure at top). 

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 
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Air Table Experiments 

 

 

Experiment-1 

Straight Line Motion with Constant Velocity 

 
In this section of the experiment, you will study 

and calculate the velocity of an object moving in a 

straight line with constant velocity. 

Theory 

When a particle moves along a straight line, we 

can describe its position with respect to an origin 

(0), by means of a coordinate (such as x). If there 

is no net force acting on a moving object, it 

moves on a straight line with a constant velocity 

The particle’s average velocity ( avv ) during a time 

interval )( 12 ttt � '  is equal to its displacement 

)( 12 xxx � '  divided by t' :   

t
x

tt
xxvav '

'
 

�
�

 
12

12  (1) 

 

From the Equation-(1), the average velocity is the 

displacement ('x) divided by the time interval ('t) 

during which the displacement occurs. If we plot a 

graph x versus t , then we will have a straight line 

with a slope. The slope of the line gives the 

average velocity of the motion.   

 
Figure-3: Position as a function of time. 

 

For a displacement along the x-axis, the average 

velocity ( avv ) of the object is equal to the slope of 

a line connecting the corresponding points on the 

graph of position versus time ( graphtx � ). The 

average velocity depends only on the total 

displacement ( x ) that occurs during the motion 

time )(t . The position, )(tx  of an object moving 

in a straight line with constant velocity is given as 

a function of time as: 

vtxtx � 0)(    (2) 

If the object is at the origin with the initial position

00  x , the equation of the motion becomes at 

any time: 

vttx  )(  (3) 

 

So, the object travels equal distance in the equal 

time intervals along a straight line (Figure-3). 

 

 

 

Name  

Department  

Student No  

Date  
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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. 

4. Compressor: The compressor provides an air-flow through the cables to the pucks on 
the air table. When the compressor is switched on, an air-flow through the cables is 
produced from the compressor towards the pucks. The compressed air flowing through the 
bottom surface of the pucks reduces the friction between the pucks and the air table, and 
so the pucks move almost freely on the table 

Figure 1. Air table components
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4. Compressor: The compressor provides 

an air-flow through the cables to the 

pucks on the air table. When the 

compressor is switched on, an air-flow 

through the cables is produced from the 

compressor towards the pucks. The 

compressed air flowing through the 

bottom surface of the pucks reduces the 

friction between the pucks and the air 

table, and so the pucks move almost 

freely on the table. 

To study air table experiments, first a sheet of 

carbon paper and then a sheet of white paper (as 

experiment paper) are placed on the air table. 

The puck moving on the surface of the air table 

will be considered as the particle. The pucks in 

the experiment are connected to the spark timer 

by conducting wires and then placed on the 

experiment paper on the air table. The spark 

timer works by means of a foot switch.  While you 

are pressing the foot switch to start spark timer, 

sparks are produced continuously between the 

pucks and the carbon paper at a frequency ( f ) 

adjusted on the spark timer.  

Each spark produces a dot on the experiment 

paper, and the motion of the pucks in any 

experiment can be examined using the path of 

these dots on the experiment paper. For 

example, if the frequency is set to Hzf 20 , 

each puck on the table marks 20 dots on the 

experiment paper in one second and the time 

interval t'  between successive dots is given by 

05.020/1   T  second. 

 

 

 

Flat Plane 

of the Air 

Table 

 

Spark Timer 

 

Compressor 

 

Foot  

Switches 

 

Shooter 

  

The Pucks 

 

Foot 

Leveler 

Figure-2: Air Table Components. 
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Caution! 

Do not touch any metal or carbon paper and also 

puck cable while spark timer is working. You 

may receive an electrical shock that is not 

dangerous but continues continuous exposure 

may be harmful. 

 

Experimental Procedure 
 

1. Level the air table glass plate 

horizontally by using the adjustable legs. 

2. Place the black carbon paper (50x50 cm) 

which is semiconducting on the glass 

plate. The carbon paper should be flat 

and on the air table given by the 

experimental set-up (Figure-4). 

3. Place white recording paper as data 

sheet on the flat carbon paper.  

4. Place two pucks on white paper. Keep 

one of the pucks stationary on a folded 

piece of data sheet at one corner of the 

air table. 

5. For the alignment of the air table, adjust 

the legs of the air table so that the puck 

will come to rest about the center of the 

table.  

6. Test both two switches for the 

compressor and spark timer operations. 

With the puck pedal, the single puck 

should move easily, almost without 

friction when compressor works. When 

the spark timer foot switch is pressed, 

black dots on white paper should be 

observed (on the side that faces the 

carbon paper). 

 

 

 

7. Set the spark timer to Hzf 20 . 

8. Now again, test the compressor only by 

pressing the puck footswitch. Make sure 

that the puck is moving freely on the air 

table.  By activating both the puck pedal 

and spark timer pedal (foot switches) in 

the same time, test also the spark timer 

and observe the black dots on the 

recording paper.  

9. Place the puck at the edge of the table 

then press both compressor and spark 

timer pedals as you push the puck on the 

surface of air table. It will move along the 

whole diagonal distance across the air 

table in a straight line with constant 

velocity. Then, stop the pedals. 

10. Remove the white recording paper from 

air table. The dots on the data sheet will 

look like those given in the Figure-(5).  

11. Measure the distances of the dots 

starting from first dot by using a ruler. 

12. Find also the time corresponding to each 

dot. The time between two dots is 1/20 

seconds since the spark timer frequency 

was set to Hzf 20 .  

 
Figure-5: The dots produced by the 

puck on the data sheet. Figure 2. The produced data



To study air table experiments, first a sheet of carbon paper and then a sheet of white 
paper (as experiment paper) are placed on the air table. The puck moving on the surface 
of the air table will be considered as the particle. The pucks in the experiment are 
connected to the spark timer by conducting wires and then placed on the experiment 
paper on the air table. The spark timer works by means of a foot switch. While you are 
pressing the foot switch to start spark timer, sparks are produced continuously between 
the pucks and the carbon paper at a frequency ( f ) adjusted on the spark timer. 

Each spark produces a dot on the experiment paper, and the motion of the pucks in any 
experiment can be examined using the path of these dots on the experiment paper. For 
example, if the frequency is set to f 20Hz , each puck on the table marks 20 dots on the 
experiment paper in one second and the time interval t between successive dots is given 
by T 1/20 0.05 second. 

III. EXPERIMENTAL PROCEDURE

 1. Level the air table glass plate horizontally by using the adjustable legs. 

2. Place the black carbon paper (50x50 cm) which is semiconducting on the glass 
plate. The carbon paper should be flat and on the air table given by the  
experimental set-up .

3. Place white recording paper as data  sheet on the flat carbon paper. 

4. Place two pucks on white paper. Keep one of the pucks stationary on a folded piece 
of data sheet at one corner of the air table. 

5. For the alignment of the air table, adjust the legs of the air table so that the puck 
will come to rest about the center of the table. 

6. Test both two switches for the compressor and spark timer operations. With the 
puck pedal, the single puck should move easily, almost without friction when 
compressor works. When the spark timer foot switch is pressed, black dots on white 
paper should be observed (on the side that faces the carbon paper). 

7. Set the spark timer to f 20Hz . 

8. Now again, test the compressor only by pressing the puck footswitch. Make sure 
that the puck is moving freely on the air table. By activating both the puck pedal and 
spark timer pedal (foot switches) in the same time, test also the spark timer and 
observe the black dots on the recording paper. 

9. Place the puck at the edge of the table then press both compressor and spark timer 
pedals as you push the puck on the surface of air table. It will move along the whole 
diagonal distance across the air table in a straight line with constant velocity. Then, 
stop the pedals. 

10. Remove the white recording paper from air table. The dots on the data sheet will 
look like those given in the Figure 2.

11. Measure the distances of the dots starting from first dot by using a ruler. 

12. Find also the time corresponding to each dot. The time between two dots is 1/20 
seconds since the spark timer frequency was set to f 20Hz. 

13. Number and encircle the dots starting  from 0 at position x0 (starting point) to avoid 
errors in calculations. 



14. Measure the distances of the first 10 dots starting from dot “0”. And then, find the 
time corresponding to each dot. Record the data values in the Table-(1). The time 
interval between two dots is given by 1/ f which is equal to 1/20 seconds. 

15. Using the data points in Table-(1), plot thex t graph. The graph must show a linear 
function. 

16. Draw the best line that fits a linear graph.  Then, calculate the velocity of the puck 
by using the slope of the line. 

17. From the values in Table-(1), calculate the position and time corresponding to each 
dot interval and then fill in your data in the Table-(2). 

18. Calculate the average velocity ( vav ) from the table for each dot interval and then 
compare with the value which is obtained from the graph. 

Table 1 Data values

Dot number Position x±∆x(m) Time t (s) V avg(m/s)

0 0 0 Slope

1

2

3

4

5

6

7

8

9

10



Table 2 Experimental values

3.1 Conclusions 

 Compare the average velocity found from the graph with the velocity calculated 
for the each time interval?

  Discuss the difference in the velocity values calculated from the table and the 
values found from the graph. Is the difference approximately the same?. 

 What are the sources of error in the experiment? 

 Write your comments related to the experiment.  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Interval 
number 

(n)
xn(m) xn+1(m) xn+1(m)-

xn(m) tn(s) tn+1(s) tn+1(s)-tn(s) v(m/s)

0-1

1-2

2-3

3-4

4-5

5-6

6-7

7-8

8-9

9-10


