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Abstract— This study aims to present the use of Tracker software
as a pedagogical tool for conducting experiments by means of
video-based analysis for three different type of collisions using air
track apparatus. Video-based analysis has the possibility to
provide a better way of visualizing the motion for a direct
inspection, especially by using a high-speed camera (some of the
modern ones have the capability of producing more than 1000
fps). The first and second collisions were considered to be
inelastic and the third collision was set to be completely inelastic.
The results revealed that the momentum and energy do not
conserve for the three type of collisions. These indicate that there
were external force and energy transformation during the
collisions. Tracker provides the ability to present the force versus
time curve, in which the magnitude of linear impulse can be
analyzed
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I.  INTRODUCTION

Experiments on mechanics, including linear momentum
and impulse involving various kinds of collisions are common-
ly conducted using air track apparatus. Sensors are usually
used to record the position and time to further calculate the ve-
locity before and after collisions. George et al., (2013) utilize
the photogate sensor for teaching energy, momentum, and
conservation concepts with computer support in an undergrad-
uate physics laboratory [6] Sensors have limited capability es-
pecially in detecting a high rate of speed change. Sensors can
measure velocity based on a one-point recorded data.

One approach that can better measure and display the phe-
nomenon of momentum and impulse is the video analysis
technique. This method is more cost effective as compared to
sensor based data acquisition [15]. Video analysis represents a
general class of techniques used to extract physical data from
video that has recently become a valuable tool in teaching in-
troductory Physics [2]. The physics behavior of the model
from video can be compared directly with that of the real-
world [3]. One of the free educational video analysis software
available is Tracker (Antimirova & Maliner-Bolotin, 2009).
Tracker is video analyzer that can be used for investigating
kinematics parameters including the instantaneous accelera-
tion, the instantaneous speed, and the instantaneous position

[9].

Tracker is a modeling software that can analyze the motion
of objects from videos. Tracker is possible and easy to use
simply by overlaying simple dynamical models onto the vide-
os directly. This model will be automatically synchronized and
scaled to the video for direct comparison with the real world
[11]. This study aimed to present the use of Tracker software
as a pedagogical tool for conducting experiments by means of
video-based analysis, with the case study of collisions using
air track apparatus.

Il. METHOD

Air track is a set of experiment apparatus produced by
Pudak Scientific™ which consists of air track with a blower
and two gliders. The blower supplies air pressure in the air
track, thus the air will be blown out from the tiny holes along
the track. The track provides an almost frictionless cushion
and raise the glider £ 0.1 mm [10].

This study discussed three specific experiments, each with
a distinct type of collision between the two gliders on a fric-
tionless surface (air track). The first experiment is the elastic
collision of moving glider colliding into a stationary glider. In
the second experiment, each glider had a steel spring bumper
attached which will exert a conservative force on the other
glider during the collision. For the third experiment, bumpers
on the gliders are replaced by Velcro®, thus the gliders stuck
together after collision (see Fig. 1 for illustration of the colli-
sions). The collisions were investigated using video analysis
software Tracker v.4.92. The collisions were recorded at 30
fps using a pocket digital camera. The camera was positioned
in front of the air track at same position for all measurement.
During the recording, the camera’s field of view is adjusted to
capture the area of the collisions.

Video was imported into Tracker software and spatial cali-
bration (spatial scaling) was done consequently using the cali-
bration stick feature and clip settings to establish a scale and
reference frame for position data. Tracker examined the video
frame-by-frame and tracked the objects of interest automati-
cally using auto-tracker feature [2]. By using the auto-tracker
feature, the motion of gliders can be recorded step by step
which would produce all necessary kinematics parameters in
graph for further investigation [9].
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Fig 1. Collisions on a linear air track: (a) stationary glider is collided by mov-
ing glider, (b) two moving gliders are collided with a spring, (c) two moving
gliders are collided with Velcro® (Sears & Zemmansky, 2010).

A. Momentum and Impulse

Figure 1 shows the illustration of two glider collisions with
different condition and material. When two bodies collide,
momentum is conserved [7]. In contrast, the total kinetic ener-
gy of the system may or may not be conserved, depending on
the type of collision. In fact, whether or not kinetic energy is
conserved is used to classify collisions as either elastic or ine-
lastic [12]. The elasticity of a collision is indicated by the co-
efficient of restitution (e) in Equation 1 (Enoka, 2008) as fol-
lows [4]:

(Speed after collisions) = -e (speed before collisions)
ViAoV = _e(VA _VB)
V'A_VIB
. (1)
Va—Vg

When two bodies collide, they exert forces with equal
magnitude on each other as shown in Equation 1. These forces
act in opposite directions:

e=

FA = _FB (2)
If the bodies are in contact for an interval of time t, then,
Fat = —Fgt (3)
Ia=-lg.

using the fact that impulse is equal to the change of momen-

tum as shown in Equation 5 (Graham et al., 2002).
Ia=-1g
MpV, —MaV' ) = _(mBVB

4
®)
In this research, Equation 1, 3, 4 and 5 are used to analyze the colli-

sion. The experiments are conducted with the assumption that there
is no friction on the air track.

_mBVB)
MpV, + MgV =MV +mgV'y -

I1l.  RESULTS AND DISCUSSION

Collisions were analyzed using Tracker. By using Tracker,
it is possible to have precise measurements of glider’s position
at incremental times during its motion and showed it in the
graph [1]. The movement can be easily observed by point
tracking (blue and red point) as shown in Figure 2 [5]. Figure
3, 4, and 5 were the result of analysis video from tracker.
Tracker can show the variety of graph such as force and mo-
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mentum. The formula can be customized in the tracker with
data builder feature.

Fig 2. Video analysis of a gliders collision using Tracker
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Fig 3. The result of Stationary glider was collided by the moving glider.

The initial velocity of the moving glider is 0.76 m/s, and
then collided with the stationary glider where the stationary
glider experienced a little movement (see graph in Fig. 3).
However, the stationary glider returned to original state after
collision. The final velocity of the moving glider is 0.01 m/s.
The system lose energy after the collision.

Figure 3 shows the moving glider moves slower after colli-
sions, thus the momentum of the system decreased. It indicates
that both energy and momentum are not conserved. The sys-
tem lost 99.97% of the energy after collision. The magnitude
of coefficient of restitution is 0.02 closer to inelastic collision
than elastic collision. In an inelastic collision, some of the me-
chanical energy is dissipated as thermal energy and not all of
the kinetic energy is recovered [8]. A collision in which the to-
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tal kinetic energy after the collision is less than before the col-
lision is known as an inelastic collision [13].

TABLE I. THE RESULT OF STATIONARY GLIDER WAS
COLLIDED WITH A MOVING GLIDER
Glider v (m/s) v' (m/s) I (kg.m/s)
1 -0.76 0.01 0.09
2 0 0 0
TABLE II. THE RESULT OF STATIONARY GLIDER WAS
COLLIDED WITH A MOVING GLIDER
P (kg.m/s) P* (kg.m/s) E () E'(J) e
0.09 0.002 0.03 o | %
Note:

mass of the gliders = 0,12 kg
energy loss: 99.97%

In the second experiment, kinetic energy was stored as po-
tential energy in the compressed springs during the collision.
Spring bumper provides a means of generating a conservative
force so that no mechanical energy is lost or gained during the
collision [13]. But the result was off from what the theory ex-
pected to show for an elastic collision: there is energy loss of
about 44%. Figure 4 showed initial and final velocity, momen-
tum and force. After collision, the final velocity and momen-
tum of each glider is decreased. The final total momentum in
the system is greater than the initial. That indicated, the mo-
mentum is not conserved.

TABLE lll.  THE RESULT OF THE COLLISION OF TWO MOVING
GLIDERS WITH SPRING
Glider v (m/s) v' (m/s) I (kg.m/s)
1 -0.43 0.29 0.09
2 0.39 -0.24 -0.08
TABLE IV. THE RESULT OF THE COLLISION OF TWO MOVING GLIDERS
WITH SPRING
P (kg.m/s) P' (kg.m/s) E () E'(J) e
-0.005 0.006 0.021 0.012 | 0.7
Note:

mass of gliders = 0.13 kg
energy loss: 44%

For the third experiment, bumpers on the gliders were re-
placed by Velcro®, so the gliders stuck together after colli-
sion. The result as shown in Figure 5 is completely inelastic
collision because the gliders stuck together. After collision,
the final velocity of each glider was the same: -0.03 m/s. The
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negative direction due to the energy of glider 2 (the direction
of negative) was greater than that of the glider 1.
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Fig 4. The result of two moving gliders was collided with a spring

The final energy lost from the system is 99.8% but the fi-
nal total momentum of the system was greater than its initial.
These indicated that there was no conservation of energy nor
momentum in this system.

There were no elastic collisions occurred for all the three
experiments. It was not easy to set up an ideal system despite
using air track with minimal friction. It was shown that the fi-
nal energy for all the experiments was less than the initial
energy, because the kinetic energy is converted into other
forms such as heat, sound, friction etc. [14]. That circumstance
with the energy was in contrast with the momentum. The final
momentum was somehow greater than that of the initial one
thus the momentum was not conserved. The conservation en-
ergy will be possible if the system is perfectly isolated (Fnet =
0) or within which the interactions are sufficiently short and
intense that external forces is ignored for the duration of the
interaction (the impulse approximation). Isolated system oc-
curs if the system is not influenced or altered by external forc-
es from the environment [8].
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Fig 5. The result of two moving gliders was collided with a Velcro®

If the force acts over time, interval from t; to t;, that deliv-
ers an impulse changes the object’s momentum. The geometric
interpretation of impulse was shown in Figure 3, 4, and 5 for
the area under the Fx— versus — t graph. From the graph, if the
initial velocity of glider was positive, the Force of glider was
negative and if the initial velocity of glider was negative, the
force of glider was positive. In the theory, the magnitude im-
pulse of each glider is equal but opposite direction. The result
shown as in Table 4 and 3, the magnitude of impulse each
glider has opposite direction and has almost the same value

TABLE V. THE RESULT OF TWO MOVING GLIDERS WAS COLLIDED WITH A
VELCRO®
Glider v (m/s) V' (m/s) 1 (kg.m/s)
1 -0.64 -0.03 0.082
2 0.57 -0.03 -0.08
TABLE VI. THE RESULT OF TWO MOVING GLIDERS WAS COLLIDED WITH A
VELCRO®
P (kg.m/s) P* (kg.m/s) E @) E'(J) e
-0.010 -0.007 0.05 0 0
Note:
mass of gliders = 0.13 kg
energy loss 99.8%
IV. CONCLUSION

Video analysis using Tracker has the capability to show the
phenomenon of momentum and impulse in the real time
movement and described it in the form of graphical represen-
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tation simultaneously. The result shown that the momentum
and energy did not conserve. These indicate that there were
external force and transformation energy after collisions. The
first and second collisions were inelastic and the third collision
was completely inelastic.
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