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ABSTRACT 

Physics concepts can be analyzed using several learning applications, one of which is a video tracker . The purpose 

of this study is to analyze the concept of kinetic energy, potential energy, and free fall motion using a video tracker 

. The method used in this study is an experimental method with 2 types of balls that have mass and are positioned 

at different heights. Data analysis uses quantitative descriptive by comparing data obtained from the analysis of 

video tracker experiments and direct experiments. The results of this study indicate that the experimental data from 

the video tracker and direct experiments obtained almost the same and very far differences in several concepts of 

kinetic energy and potential energy. This is due to the use of low-quality cellphone cameras, the inability of the 

video tracker to detect the results of several components (height, kinetic energy, and time), and the neglect of air 

resistance in the video tracker . So that the video tracker is less accurate in analyzing the physics concepts of 

kinetic energy, potential energy, and free fall motion. 
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INTRODUCTION 

Learning is an effort carried out by 

educators sequentially until effective and 

efficient teaching and learning activities occur 

with a planning, implementation, and 

evaluation flow [1] . One of the subjects in 

secondary schools is physics learning. Physics 

is a subject that discusses natural phenomena 

that can be solved by utilizing formulas, 

theories, equations, and concepts to prove the 

phenomena that occur. Thus, physics learning 

can be defined as part of a lesson that discusses 

natural sciences. Physics learning is also 

included in science learning which contains 

science flows, such as processes, scientific 

behavior, and output . Students who take 

physics learning should be able to relate directly 

to real things [2] . In physics learning, educators 

will convey things about formulas, theories, 

principles, concepts, convey the relationship 

between physics and examples in everyday life, 

and carry out practical activities in the 

laboratory [2] . Therefore, the characteristic of 

scientific physics learning is conducting 

experiments in order to achieve meaningfulness 

and interrelationships between mechanisms that 

prioritize behavior and output [1] . One of the 

materials in the physics subject is energy [3] . 

Energy can cause the environment or 

objects to change. Changes in energy are carried 

out in various ways. Energy undergoes changes 

that come from one form to another form of 

energy. So, energy is an ability to do work [4] . 

The types of energy are divided into three, 

namely mechanical energy , kinetic energy, and 

potential energy. Mechanical energy is the sum 

of potential energy and kinetic energy [5] . 

Kinetic energy is energy possessed by an object 

due to its movement. The kinetic energy of an 
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object is the effort required to move an object 

that has a certain mass with an initial condition 

of rest until it reaches a certain speed (Permana 

et al., 2022) . Potential energy is energy stored 

in an object due to the position or position of the 

object [7] . 

Based on the above understanding, we 

can see that potential energy is influenced by the 

position of an object or position. In addition, 

potential energy is also influenced by the earth's 

gravitational force. Mathematically, potential 

energy can be written as Ep = mgh [8] . The 

application of potential energy in everyday life 

is in trampoline games [9] , balls falling from a 

height [10] , [11] , and so on. Potential energy 

can be analyzed using the Tracker Video 

application . 

 While the size of the kinetic energy is 

indicated by the force given which is interpreted 

in terms of speed. Kinetic energy is also 

influenced by mass. [8] . The faster the object 

moves, the greater the kinetic energy, which is 

formulated mathematically. 𝐸𝑘 =
1

2
𝑚𝑣2.Increasing kinetic energy will require 

particle effort and a certain speed, and the 

greater the mass of the object, the greater the 

kinetic energy produced. [12] . 

 Free fall is the motion of an object 

falling in a vertical direction from a certain 

height without initial velocity. [13] . Based on 

theory, free fall motion is influenced by the 

Earth's gravitational force. [14] . Galileo stated 

that for free fall motion, all objects will fall with 

the same acceleration if there is no air or other 

resistance. [15] . The acceleration of an object 

is caused by the gravitational force which is 

9.83m/s 2 . The acceleration due to gravity does 

not depend on the properties of the material. In 

the equatorial region the value of g = 9.78 m/s 2 

while in the polar region it is 9.83m/s 2 [16] . 

Tracker video is used to model and 

analyze videos designed for physics learning 

[17] . Tracker is a software that has a function 

to analyze an object recorded on a video about 

natural events related to speed, velocity, 

acceleration, force, gravitational field, 

conversion and conservation [18] . This tracker 

device is supported by digital resources that 

combine videos and tutorials that can be 

analyzed. So it can be interpreted that the 

tracker is a software used to analyze video of an 

object's motion. 

software has several benefits, namely 

overcoming the limitations of laboratory 

practical tools. The advantages of the video 

tracker are that it is able to present real physical 

phenomena along with their representations in 

the form of quantitative data and graphs [19] , 

can present many ways of presenting data [20] , 

helps in learning physics [21] , and makes 

physics learning relevant to the real world [22] 

. 

Based on the description of the material 

above, it is necessary to conduct this research 

with the aim of analyzing the comparison of 

potential energy results between manual 

calculations using formulas and the results on 

the video tracker . 

RESEARCH METHODS 

The research method used is the 

experimental method. The experimental method 

is a trial method used to prove an existing 

theory. The experimental method is included in 

the type of quantitative research method. This 

type of research is conducted to see the effect of 

independent variables on dependent variables 

[23] . The experiment that the researcher 

conducted was to drop 2 types of balls with 

different masses at different heights, then 

analyze the kinetic energy, potential energy, 

and free fall motion using the Tracker Video 

application . The independent variables in this 

study are the height and mass of the ball. While 

the dependent variables in this study are kinetic 

energy, potential energy, and free fall motion 

energy. 

 

RESULTS AND DISCUSSION 
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Table 1 Experimental Result Data Using Video 

Tracker with Basketball Object 

y h (m) Ek (J) t (s) 

y 3 1,699 0 0.05 

y 2 0.848 5,561 0.45 

y 1 0.073 664.2 0.63 

 

Table 2 Direct Experimental Result Data with 

Basketball Objects 

y h (m) 

y 3 1.7 

y 2 0.85 

y 1 0 

 

Based on the two tables above, it can be 

seen that when conducting an experiment 

directly measuring the height of a basketball 

with a mass of 0.555 kg, namely 1.7 meters (y 3 

), it can be seen that half of 1.7 meters is 0.85 

meters (y 2 ) and the lowest height is 0 meters (y 

1 ). However, what is read on the video tracker 

is 1.699 meters (y 3 ), 0.848 meters (y 2 ) as the 

middle height and 0.073 meters (y 1 ) as the 

lowest height. This difference is what causes the 

results of the video tracker and manual 

calculations on the concept of physics to differ. 

Based on the data in the table above, the 

potential energy obtained when y 3 from the 

experiment using the video tracker is as 

follows: 

𝐸𝑝𝑇𝑉  =  𝑚 × 𝑔 × ℎ(1) 

𝐸𝑝𝑇𝑉  =  0,555 × 9,8 ×  1,699  

𝐸𝑝𝑇𝑉  = 9,240 𝐽𝑜𝑢𝑙𝑒 

Meanwhile, the potential energy obtained when 

y 3 from direct experiments is as follows: 

𝐸𝑝𝐿  = 𝑚 × 𝑔 × ℎ(2) 

𝐸𝑝𝐿  = 0,555 × 9,8 ×  1,7 

𝐸𝑝𝐿=9,246 𝐽𝑜𝑢𝑙𝑒 

Based on the data above, the results of 

experiments using video trackers and directly 

obtained almost the same results. 

In addition, the data above states that if 

the potential energy at y 3 (highest) is worth 

9,240 Joules, then the kinetic energy is worth 0 

Joules. Meanwhile, if the potential energy 

obtained at y 1 (lowest) is worth 0 Joules, then 

the kinetic energy is worth 664.2 Joules. Based 

on these data, it is obtained that potential energy 

is inversely proportional to kinetic energy. 

Several concepts state that the value of potential 

energy will be the same as kinetic energy when 

it is at the midpoint of the height (y 2 ). The 

following is proof of potential energy and 

kinetic energy when y 2 : 

𝐸𝑝2 = 𝐸𝑘2(3) 

𝑚 × 𝑔 × ℎ ?  5,561 𝐽𝑜𝑢𝑙𝑒 

0,555 × 9,8 ×  0,848 ?  5,561 𝐽𝑜𝑢𝑙𝑒 

4,612 𝐽𝑜𝑢𝑙𝑒 ≠ 5,561 𝐽𝑜𝑢𝑙𝑒  

Based on the proof of the results above, almost 

the same results were obtained for potential 

energy and kinetic energy when y 2. 

The above data can also prove that the 

height obtained is in accordance with the 

experimental data using a video tracker. The 

researcher took data at y 3, then the following 

results were obtained: 

ℎ =  
1

2
 × 𝑔 × 𝑡2  (4) 

𝑦3 =  
1

2
 × 𝑔 × 𝑡2 

1,699 𝑚𝑒𝑡𝑒𝑟 ? 
1

2
 × 9,8 × 0,052 

1,699 𝑚𝑒𝑡𝑒𝑟 ≠ 0,012 𝑚𝑒𝑡𝑒𝑟 

 

Based on the above evidence, the results 
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obtained are not the same. However, the 

relationship between time and kinetic energy is 

directly proportional, while the relationship 

between time and height and potential energy is 

inversely proportional. 

Table 3 Experimental Result Data Using Video 

Tracker with Volleyball Object 

y h (m) Ek (J) t (s) 

y 3 1,433 0 0.567 

y 2 0, 723 6,721 0.4 

y 1 0.087 392.1 0.017 

 

Table 4 Direct Experimental Result Data with 

Volleyball Objects 

y h (m) 

y 3 1.5 

y 2 0.75 

y 1 0 

 

Based on the two tables above, it can be 

seen that when conducting an experiment 

directly measuring the height of a volleyball 

with a mass of 0.269 kg, namely 1.5 meters (y 3 

), it can be seen that half of 1.5 meters is 0.75 

meters (y 2 ) and the lowest height is 0 meters (y 

1 ). However, what is read on the video tracker 

is 1.433 meters (y 3 ), 0.723 meters (y 2 ) as the 

middle height and 0.087 meters (y 1 ) as the 

lowest height. This difference causes the results 

of the video tracker and manual calculations on 

the concept of physics to differ. Based on the 

data in the table above, the potential energy 

obtained when y 3 from the experiment using the 

video tracker is as follows: 

 𝐸𝑝𝑇𝑉  =  𝑚 × 𝑔 × ℎ 

𝐸𝑝𝑇𝑉  =  0,269 × 9,8 ×  1,433  

𝐸𝑝𝑇𝑉  = 3,77  𝐽𝑜𝑢𝑙𝑒 

Meanwhile, the potential energy obtained when 

y 3 from direct experiments is as follows: 

𝐸𝑝𝐿  = 𝑚 × 𝑔 × ℎ 

𝐸𝑝𝐿  = 0,269 × 9,8 ×  1,5 

𝐸𝑝𝐿=3,95  𝐽𝑜𝑢𝑙𝑒 

Based on the data above, the results of 

experiments using video trackers and directly 

obtained almost the same results. 

In addition, the data above states that if 

the potential energy at y 3 (highest) is worth 3.77 

Joules, then the kinetic energy is worth 0 Joules. 

Meanwhile, if the potential energy obtained at y 

1 (lowest) is worth 0 Joules, then the kinetic 

energy is worth 392.1 Joules. Based on these 

data, it is obtained that potential energy is 

inversely proportional to kinetic energy. 

Several concepts state that the value of potential 

energy will be the same as kinetic energy when 

it is at the midpoint of the height (y 2 ). The 

following is proof of potential energy and 

kinetic energy when y 2 : 

𝐸𝑝2 = 𝐸𝑘2 

𝑚 × 𝑔 × ℎ ?  6,721 𝐽𝑜𝑢𝑙𝑒 

0,269 × 9,8

×  0,723 ?  6,721  𝐽𝑜𝑢𝑙𝑒 

1,905 𝐽𝑜𝑢𝑙𝑒 ≠ 6,721 𝐽𝑜𝑢𝑙𝑒  

Based on the proof of the results above, the 

results obtained are not the same for potential 

energy and kinetic energy when y 2. 

The above data can also prove that the 

height obtained is in accordance with the 

experimental data using a video tracker. The 

researcher took the data at y 3, then the following 

results were obtained: 

ℎ =  
1

2
 × 𝑔 × 𝑡2 

𝑦3 =  
1

2
 × 𝑔 × 𝑡2 
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1,433 𝑚𝑒𝑡𝑒𝑟 ? 
1

2
 × 9,8 × 0,5672 

1,433 𝑚𝑒𝑡𝑒𝑟 ≠ 1,575 𝑚𝑒𝑡𝑒𝑟 

Based on the proof above, almost the same 

results are obtained. However, the relationship 

between time and kinetic energy is directly 

proportional, while the relationship between 

time and height and potential energy is 

inversely proportional. 

The effect of mass and height on kinetic 

energy is inversely proportional, while the 

relationship between mass and height with 

potential energy and free fall motion is 

directly proportional. This is proven by the 

following results when y 2 : 

When 𝑚𝑣𝑜𝑙𝑖 = 0,269 𝑘𝑔, then obtained 

𝐸𝑘 = 6,721 𝐽𝑜𝑢𝑙𝑒, 𝐸𝑝 = 1,905 𝐽, 𝐺𝐽𝐵

= 0,784 𝑚 

When 𝑚𝑏𝑎𝑠𝑘𝑒𝑡 = 0,555 𝑘𝑔, then obtained 

𝐸𝑘 = 5,561 𝐽𝑜𝑢𝑙𝑒, 𝐸𝑝 = 4,612 𝐽, 𝐺𝐽𝐵

= 0,992 𝑚 

So it can be concluded that the difference in 

results is caused by the video being taken 

using a low-quality cellphone camera, the 

inability of the video tracker to detect the 

results of several components (height, 

kinetic energy, and time), and the neglect of 

air resistance on the video tracker . 

 

CONCLUSION 

Based on the experiment with a basketball 

object, almost the same results were obtained in 

determining potential energy using video 

tracker data with direct experiments at y 3 and 

determining potential energy and kinetic energy 

at y 2 using a video tracker. While the 

experiment using a volleyball obtained almost 

the same results in determining potential energy 

using video tracker data with direct experiments 

at y 3 and determining free fall motion at y 3 

using a video tracker. However, the experiment 

using a basketball obtained different results in 

free fall motion at y 3 using a video tracker. This 

is due to using a low-quality cellphone 

camera , the inability of the video tracker to 

detect the results of several components 

(height, kinetic energy, and time), and 

ignoring air resistance on the video tracker 

, so that the video tracker is less accurate in 

analyzing the physics concepts of kinetic 

energy, potential energy, and free fall motion.  
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