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 Untuk menyelami potensi lanjut dari videografi jeda-waktu, metode ini 

digunakan untuk mengamati dinamika tumbukan jatuh bebas elastis tak 

sempurna antara kelereng kaca dan lantai keramik, menggunakan kamera 

ponsel SHARP® Aquos Sense 4+ dengan kecepatan rana 30 kerangka per 

detik. Peristiwa-peristiwa tersebut direkam dan dianalisis menggunakan 

metode pemisahan kerangka, yang kemudian diamati secara visual untuk 

menentukan tinggi setiap pantulan. Analisis mengungkapkan bahwa koefisien 

restitusi rata-rata untuk tabrakan tersebut adalah 𝜀1̅𝑠𝑡 ≅ 0.86 dan 𝜀2̅𝑛𝑑 ≅
0.843, dengan tinggi jatuh bebas awal masing-masing adalah 20.3 cm dan 

16.2 cm untuk percobaan pertama dan kedua. Eksperimen-eksperimen ini 

menggambarkan bahwa setiap peristiwa menunjukkan sebuah tumbukan 

elastis yang tidak sempurna, menunjukkan bagaimana energi mekanik 

tersebar dari kelerang ke sekitarnya karena ε tidak sama dengan 1. Variasi 

kecil dalam hasil koefisien terjadi karena batasan yang diberlakukan oleh 

hukum termodinamika. 

K E Y W O R D S   ABSTRACT 
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 To explore and delve into the potential of time-lapse videography, this method 

was employed to observe the dynamics of imperfect elastic free-fall collisions 

between a standard glass marble and a ceramic-tiled floor surface, using a 

SHARP® Aquos Sense 4+ smartphone camera with a shutter speed of 30 

frames per second (fps). The events were recorded and analysed using the 

frame-splitting method, which was then visually observed to determine the 

height of each bounce. The analysis revealed that the average coefficients of 

restitution for the collisions were 𝜀1̅𝑠𝑡 ≅ 0.86 and 𝜀2̅𝑛𝑑 ≅ 0.843, with the initial 

free-fall heights being 20.3 cm and 16.2 cm respectively for the first and 

second trials. These experiments illustrate that every event signifies an 

imperfect elastic collision, showing how mechanical energy dissipates from the 

marble into its surroundings since ε is not equal to 1. The slight variations in 

the coefficient outcomes occur due to the constraints imposed by the laws of 

thermodynamics. 
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Introduction 

Time-lapse imaging, also known as time lapse 

photography, is a technique in which a series of 

photographs are captured at specific intervals over a 

period of time and then played back at a faster rate 

than they were taken. This sequence of time-lapse 

images can be used to extract information and 

characteristics contained within them, which can 

then be comprehensively analysed to understand 

physical events or phenomena under investigation or 

observation, whether directly or with the assistance 

of additional equipment. It also creates a video or 

sequence of images that compress time, allowing 
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viewers to observe changes that occur slowly over 

time, such as the growth of plants, the movement of 

clouds, construction progress, or other dynamic 

processes (Persohn 2015; Vollmer and Möllmann 

2018a, 2018b; Yang et al. 2015).  

In time-lapse imaging or time-lapse videography, 

the interval between each photograph, known as the 

frame interval, can vary depending on the desired 

effect and the speed at which the final video or 

sequence should be played back. Time-lapse imaging 

is widely used in various fields, including filmmaking, 

scientific research, construction monitoring, and 

creative art projects, to document and visualize 

gradual changes or processes that might not be 

easily observable in real time. In essence, time-lapse 

imaging shares similarities with time-lapse 

photography in terms of acquiring a series of images 

or frames (Abeid and Arditi 2002; Liu and Li 2012; 

Mursalim, Atmajaya, and Alwi 2021; Vera et al. 

2016). However, the key difference lies in the use of 

very short exposure times and a high frame rate per 

second to capture all the details of the observed 

phenomenon in the resulting images. The higher the 

frame rate per second, the sharper the time-lapse 

images produced. Additionally, time-lapse imaging 

can be combined with various image reconstruction 

techniques such as Fourier transform and filtered 

back-projection to facilitate analysis and enhance the 

acquisition of information and characteristics related 

to the observed physical phenomenon (Baroutsis 

2020; Kramer and Wohl 2014; Revuelto, Jonas, and 

López-Moreno 2016). 

The technology and methods of time-lapse 

imaging have found widespread use in various 

research and experimental fields, including physics 

(Liu and Li 2012; Rubinstein et al. 2011), medicine 

(Chen et al. 2013; Urbano et al. 2017), geography 

(Huintjes et al. 2015; Kenner et al. 2018), and 

education (Liu and Li 2012; Persohn 2015; Vollmer 

and Möllmann 2018b). This experiment was 

conducted to directly observe the manifestations of 

imperfect elastic collision interactions that occur 

during collisions between glass marbles of different 

sizes and masses against a flat surface.  

One of the main outcomes sought from this 

experiment is the coefficient of restitution for the 

glass marbles in question. Another parameter worth 

observing and analyzing is the type of flat surface 

used as the medium for these imperfect elastic 

collision interactions. 

The essence of this entire experiment was to 

investigate and explore the potential of a basic and 

straightforward time-lapse videography setup as a 

method and modality for directly visualizing various 

physical phenomena. It is anticipated that this could 

prove valuable for researchers and even students in 

schools.  

Methods and Material 

The research methodology consists of three 

stages: equipment and material preparation, 

experimental setup arrangement, data analysis 

methods, and discussion. The experiments will take 

place in the Integrated Laboratory of the Physics Unit 

at Sam Ratulangi University. During the preparation 

phase, various components required for the 

experiment will be assembled, including the glass 

marbles, millimetre ruler, stand and supports, a 

SHARP® Aquas Sense 4+ smartphone, and an Asus® 

BR1100FKA 4/128 2C 1.1 GHz portable laptop used 

as hardware for data processing and analysis. The 

marbles have an average density of 2.5 g/cm³ to 2.6 

g/cm³, and the diameter was around ±13 mm. 

Additionally, computer software applications, such as 

Wonders hare Filmora9® and Video to JPG Converter®, 

will be utilized for data analysis, and they are freely 

available for Windows®. The experimental setup 

scheme is illustrated in Figure 1. below. 

 

Figure 1. Schematic design of a onefold time-lapse 

imaging modality. 

The data analysis phase begins with the 

formulation of an experimental procedure. This 

procedure involves several steps, including 

configuring the camera's image settings, determining 

the initial height from which the marble will be 

dropped, ensuring the camera's position aligns with 

the marble's collision path, installing software 

applications on the laptop, recording the 

phenomenon, processing the image data, and 

observing and measuring the maximum bounce 

height for each reflection based on the captured 

images. 

A foundational understanding of several key 

principles is essential before experimenting. These 

principles include the laws governing the 

conservation of mechanical energy, the dynamics of 

elastic and inelastic collisions, and the coefficient of 

restitution (𝜀). 

The coefficient of restitution (𝜀) serves as a 

quantifiable measure resulting from the application 

of the conservation of mechanical energy when a rigid 

object collides with a solid surface and experiences a 

rebound. Notably, the coefficient of restitution lacks 

dimensional units and exists solely for quantitatively 

comparing the mechanical energy before and after 

the collision. 
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The collision and rebound phenomena induce 

changes in gravitational potential energy due to 

variations in the object's position, both before and 

after the rebound. Beyond its impact on gravitational 

potential energy, these positional differences also 

influence the object's kinetic energy during the entire 

event. Consequently, the relationship between 

gravitational potential energy and the object's kinetic 

energy is inherently connected to the principle of the 

conservation of mechanical energy. 

The coefficient of restitution (𝜀) typically falls 

between 0 and 1, with positive values. It relates to 

specific parameters. When 𝜀 = 0, it represents a 

scenario of perfectly inelastic collisions, where all 

kinetic energy is converted into heat or work, fully 

dissipating into the surrounding environment. For 

values between 0 and 1 (0 < 𝜀 < 1), we have partially 

inelastic collisions, where some kinetic energy is 

dissipated to the environment. When 𝜀 = 1, it 

indicates perfectly elastic collisions, where no kinetic 

energy is dissipated, resulting in both objects 

bouncing back with identical relative velocities. 

Achieving this ideal scenario in the real world is 

unattainable due to the constraints imposed by the 

laws of thermodynamics, which regulate entropy. 

In a general sense, the mathematical expression 

that represents the coefficient of restitution (𝜀) in the 

context of this experiment can be outlined as in 

Equation (1) shown below: 

𝜀 = √
𝐾𝐸𝑣

𝐾𝐸𝑢
 (1) 

Equation (1) becomes Equation (2) by plotting the 

kinetic energy of the object before and after the 

collision, as given below: 

𝜀 = √
(

1

2
) 𝑚𝑣2

(
1

2
) 𝑚𝑢2

 (2) 

The mass (m) in Equation (2) is eliminated, resulting 

in Equation (3) as follows: 

𝜀 = √
𝑣2

𝑢2
 (3) 

Equation (3) describes how the coefficient of 

restitution is determined by comparing the free fall 

velocities at each position before (𝑢) and after (𝑣) a 

collision takes place. Let's consider an ideal object 

undergoing free fall without any air resistance, 

experiencing an acceleration of 𝑔 due to gravitational 

potential energy of 𝑃𝐸 = 𝑚𝑔𝐻, where 𝑚 represents 

the object’s mass. Consequently, the final velocities 

before (𝑢) and after (𝑣) the collision at each maximum 

height (𝐻𝑢 and 𝐻𝑣) are expressed in Equation (4) and 

Equation (5) shown below: 

𝑣2 = 𝑣𝑜
2 + 2𝑔𝐻𝑣 (4) 

𝑢2 = 𝑢𝑜
2 + 2𝑔𝐻𝑢 (5) 

By plotting (4) and (5) into (3), the formula can be 

written as Equation (6): 

𝜀 = √
𝑣2

𝑢2
= √

𝑣𝑜
2 + 2𝑔𝐻𝑣

𝑢𝑜
2 + 2𝑔𝐻𝑢

 (6) 

It is known that the initial velocity of the free-

falling object is zero, so Equation (6) can be written 

as in Equation (7) given below: 

𝜀 = √
2𝑔𝐻𝑣

2𝑔𝐻𝑢
 (7) 

The standard acceleration of gravity cancels out, 

giving birth to Equation (8): 

𝜀 = √
𝐻𝑣

𝐻𝑢
 (8) 

Equation (8) will be employed to ascertain the 

coefficient of restitution after collecting data on the 

object's rebound height through the process of 

capturing time intervals. The resulting coefficient of 

restitution can then serve as an indicator of the 

specific type of collision event, whether it is perfectly 

elastic, inelastic, or non-elastic in nature. 

Results and Discussions 

First Trial 

This section provides an examination of the 

measurement data, which includes the initial height, 

the first bounce height, and the second bounce height. 

These height measurements are utilized to compute 

the coefficient of restitution (𝜀) for the glass marble in 

this experiment. Figure 2. below shows the time 

interval imagery of the glass marble's motion as it falls 

from its initial height and bounces for the first and 

second time. Based on visual observation of the 

marble’s height under different conditions from every 

extracted frame, the precise initial height of the marble 

in the first trial is determined to be 𝐻𝑢 = 20.3 ± 0.05 

cm. At the same time, the marble's precise maximum 

height after the first and second bounce is 𝐻𝑣1
=

14.9 ± 0.05 cm and 𝐻𝑣2
= 11.1 ± 0.05 cm. 

Calculation of the restitution coefficient (ε) can 

then be done by entering the height measurement 

data into Equation (8) as presented below: 

𝜀𝑢𝑣1
= √

𝐻𝑣1

𝐻𝑢
=  √

14.9

20.3
 (9) 
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𝜀𝑢𝑣1
= √0.734  ≅  0.857 (10) 

𝜀𝑣1𝑣2
= √

𝐻𝑣2

𝐻𝑣1
=  √

11.1

14.9
 (11) 

𝜀𝑣1𝑣2
= √0.745  ≅  0.863 (12) 

 
(a) 

 
(b) 

 
(c) 

Figure 2. Image of the marble at the initial height 

(𝐻𝑢) (a), image of the marble at maximum height; (b) 

of the first bounce (𝐻𝑣1) and (c) of the second 

bounce (𝐻𝑣2). First trial. 

The coefficient of restitution, respectively, 

calculated from the initial height of 𝐻𝑢 to the first 

bounce height of 𝐻𝑣1
 and from the first bounce height 

of 𝐻𝑣1 to the second bounce height of 𝐻𝑣2 is 

approximately 𝑒𝑢𝑣1
≅ 0.857 and 𝑒𝑣1𝑣2

≅ 0.863. 

Therefore, the mean coefficient of restitution (𝜀1̅𝑠𝑡) 

calculated from multiple collisions between the 

marble and the floor, taking into account the highest 

points reached during each bounce as in this first 

trial, is as follows: 

𝜀1̅𝑠𝑡 =
1

2
 (𝜀𝑢𝑣1

+ 𝜀𝑣2𝑣1
) ≈ 0.86 (13) 

The difference (deviation) between the two 

obtained coefficient of restitution values 𝑒𝑢𝑣1
≅ 0.857 

and 𝑒𝑣1𝑣2
≅ 0.863 is approximately 0.006. This value is 

considered to be minor concerning the final 

calculation results, signifying that the measurements 

conducted were sufficiently accurate and precise. The 

variance in the restitution coefficient values derived 

from each collision event is also attributed to the 

dissipation of mechanical energy exhibited by the 

marble upon impact with the floor. 

It is believed that environmental factors, such as 

micro-vibrations on the ground surface resulting from 

human activity or natural occurrences, exert a 

negligible disturbance on the impact phenomenon. 

These disturbances contribute to variations in 

coefficient values. Similarly, it is thought that wind 

speed can also have a comparable disruptive effect. 
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Second Trial 

Additionally, Figure 3., shown below, displays 

images capturing the marble's motion during free fall 

at the initial height (𝐻𝑢), at the first bounce (𝐻𝑣1
) and 

at the second bounce (𝐻𝑣2
 ) in the second trial. From 

the figure, the precise initial height of the marble in 

can be seen to be 𝐻𝑢 = 16.2 ± 0.05 cm. Meanwhile, 

the precise maximum height after the bounces, 

respectively, is about 𝐻𝑣1
= 11.8 ± 0.05 cm and 

𝐻𝑣2
= 8.2 ± 0.05 cm. 

 

 
(a) 

 
(b) 

 
(c) 

Figure 3. Image of the marble at the initial height 

(𝐻𝑢) (a), image of the marble at maximum height; (b) 

of the first bounce (𝐻𝑣1) and (c) of the second 

bounce (𝐻𝑣2). Second trial. 

Consistent with previous calculations, the 

coefficient of restitution can be determined as well by 

plugging data into the equation, as provided below: 

𝜀𝑢𝑣1
= √

𝐻𝑣1

𝐻𝑢
=  √

11.8

16.2
 (14) 

𝜀𝑢𝑣1
= √0.728  ≅  0.853 (15) 

𝜀𝑣1𝑣2
= √

𝐻𝑣2

𝐻𝑣1
=  √

8.2

11.8
 (16) 

𝜀𝑣1𝑣2
= √0.695  ≅  0.833 (17) 

In this trial, the restitution coefficient (𝜀) value 

obtained from the calculations that has been carried 

out, respectively, from the initial height of 𝐻𝑢 to the 

first bounce height of 𝐻𝑣1
 and from the first bounce 

height of 𝐻𝑣1 to the second bounce height of 𝐻𝑣2 is 

𝑒𝑢𝑣1
≅ 0.853 and 𝑒𝑣1𝑣2

≅ 0.833. The mean value of 

the coefficients (𝜀2̅𝑛𝑑) obtained in this trial is about 

𝜀2̅𝑛𝑑 ≅ 0.843, as is given below: 

𝜀2̅𝑛𝑑 =
1

2
 (𝜀𝑢𝑣1

+ 𝜀𝑣2𝑣1
) ≈ 0.843 (18) 
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The deviation between the two values, which are 

𝑒𝑢𝑣1
≅ 0.853 and 𝑒𝑣1𝑣2

≅ 0.833 is approximately 0.02. 

This value is almost one order higher than the value 

obtained from the first trial. Nevertheless, it seems 

that the coefficient values obtained from one set of 

events to another have adhered to the principles and 

physical traits of imperfect elastic collisions.  

The variations in decimal values of coefficient 

results are attributed to momentum transfer 

fluctuations between collisions, representing real-

world manifestations of entropy and thermodynamic 

laws. Despite these variations, they are not significant 

enough to invalidate the overall accuracy of the 

observations and calculations made. 

Visual Representation 

Additional detailed information regarding the 

position and height of the marble on the ceramic floor 

during each impact, in both the initial and subsequent 

trials, is depicted in Figure 4. below: 

 
Figure 4. The marble's height at each collision, in 

both the initial and subsequent trials. 

It is evident that the height of each successive 

bounce is lower than the previous one, as well as the 

initial height. This represents a tangible 

manifestation of thermodynamic influence, where 

energy dissipation transforms a portion of the 

marble's total mechanical energy into heat energy, 

which disperses across the surface of the ceramic 

floor. 

Conclusion 

Time-lapse videography was employed to observe 

the interactions during free-fall collisions between a 

glass marble and a tiled floor surface, using a simple 

setup. In the initial trial, the average coefficient of 

restitution for the glass marble was approximately 

𝜀1𝑠𝑡 ≅ 0.86, with the marble dropped from a height 

𝑜𝑓 𝐻𝑢 = 20.3 ± 0.05 cm. The second trial yielded a 

slightly different coefficient value of approximately 

𝜀2𝑛𝑑 ≅ 0.843, with the marble's initial free-fall height 

determined to be 𝐻𝑢 = 16.2 ± 0.05 cm. These trials 

demonstrate that each occurrence represents an 

imperfect elastic collision phenomenon, indicating the 

dissipation of mechanical energy from the marble into 

its surroundings as 𝜀 is not equal to 1. The negligible 

differences in the coefficient results exist because of 

the confines of the laws of thermodynamics.  

This experiment presents an opportunity to 

employ the observation method of objects in free fall 

motion and calculating the coefficient of restitution 

through time-lapse videography. It aims to explore the 

characteristics and, importantly, the quality of 

ceramics tiles or similar flooring materials. This 

technique is considered an alternative method that is 

quick, proper, and cost-effective. 
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