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ABSTRACT 

Free fall motion in air medium is only influenced by 

gravitation acceleration. However, there are several 

variables that caused the observations to be different with 

the concept. Variables, such as air drag and terminal 

velocity, are often teachers not presented in detail, causing 

misconceptions. This study aims to develop a simple 

experiment on free fall motion by identifying air drag and 

terminal velocity. The data in this study is the video of free 

fall motion of paper and scraper analyzed using Tracker 

video analyze. From the video analyzed, information is 

obtained in the form of time (t), track (l, θ), and velocity (v) 

of the object. This study shows that the air drag force 

increase unto the terminal velocity. The calculation of the 

drag coefficient giving the number of the paper 2,16 and the 

scraper 2,10. According to data analyzed, the air drag force 

is affected by the mass (m), area (A), and the air drag force 

(FD) with the linear correlation until it reaches the terminal 

velocity. The result of this study may use as references of 

free fall motion experiment with other objects and analyze. 
 

 

 

INTRODUCTION 
 

Free fall motion is one of the motion phenomena with a vertical track. The difference between free fall 

motion and the others is the initial velocity. Newton's equation of free fall motion shows the 

phenomenon in ideal condition that is only affected by gravitational force [1]. Thus, in the real context, 

the motion of the object is affected by several variables such as height (Fw), the shape of objects, density 

(ρ), area (A), and the air condition which are pressure (P), temperature (T), moisture, and density as the 

medium of motion [2] [3]. However, these variables or quantity not provided in detail to students which 

causes misconceptions for students [4]. Students, in their observation, will state that in free fall motion 

it is affected by the mass of the object in which an object with a greater mass (i.e. rock and iron) will 

fall faster than a lighter object (i.e. a lump of cotton) [5] [6]. Misunderstanding phenomena occur 

because learning does not discuss and show factual phenomena how the airborne quantities work. 
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The air is one of the kind the fluid and having the character of fluid as statics or dynamics. In the 

discussion of fluid mechanics, knowing that every motion in the fluid medium will resist by the drag 

force of fluid called fluid drag force and in this study is air drag forces. In the fluid system, the drag 

force depends on the flow of the fluid [7]. Drag force as one of the quantities affecting the phenomenon 

of free fall motion, it will be difficult if it is only explained theoretically. According to Ma’ruf et al [8], 

complex and abstract phenomena, such as drag force and terminal velocity, would be better explained 

by presenting a prototype to students. The prototype in the free fall motion experiment can also be 

interpreted as a comprehensive analysis of the free fall motion experiment. 

 

The experiment of free fall motion usually focused on general magnitude. Such as of correlation of 

acceleration and mass, mass and track motion, or the correlation between the height and the acceleration 

and the track motion [9]. This study aims to make a design of a simple experiment of free fall motion to 

consider the factor in the tracking medium. Study by Firdaus et al [10] prove that learning using 

instructional media can correct misconceptions. Besides, Docktor and Mestre [6] also showed that 

another way to correct misconceptions is to present a phenomenon that is contrary with the concept 

adopted. The results of this study are expected to be able to assist teachers in conducting free fall motion 

experiments. Furthermore, with this simple experimental design, teachers can overcome misconceptions 

that occur in students, especially in the phenomenon of free fall motion. 

 

Newton’s Mechanics 

The second of Newton's law explains that the force that works in the object motion is proportional to 

the change of momentum [11]. 

 

 
dt

dp
F   (1) 

 aF m  (2) 

 

Considered the resistance factors such as air drag force and the Buoyancy's forces by means of 

Archimedes’ law in motion, these correlation is expressed in Equation 3. 

 

 FFFF  Duw
 (3) 

 

with Fw is the weight of the object. The negative sign at Fw and F show the direction of vector where 

gravitational acceleration worked to Fw and F have direction to the center of the earth, so the vector sign 

is negative. Fu represents the number of Bouyance's force and FD is the air drag force with direction is 

opposite of the direction of object motion, like friction, so it is positive [12] Thus, the equation (3) may 

express as Equation 4. 

 

 aFgg  mVm Db   (4) 

 

with m is the mass object (kg), Vb is the volume of the object (m3) and ρ is the density of the fluid (air) 

(kg/m3). In this case, the object that uses is a thin sheet by the paper and scraper, so the Buoyance’s 

forces ignored because the number is too small. 

 

Air drag forces 

Air drag force have property like friction that resist the motion of an object. The air drag force is work 

in two directions that are direct force, the drag force that interact at the frontage of object, namely 

“pressure drag” and indirect force, the drag force that interact at the side of object, namely “shear drag” 

[13] [14] [15]. Equation 5 express the equation of the air drag force mathematically.  

 

 
DairD CA  2

2

1
vF   (5) 
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FD has dimension as force with in unit Newton (N), ρ is the air density, in this case, the number of air 

density is 1.293 kg/m3, A is area (m2) that parallels with direction of motion object v (m/s) and CD is the 

drag coefficient depended on the shape of the object [16]. The drag force analyzed in this study is the 

pressure drag because the force is work like a pressure. To obtain the maximum pressure the area must 

be set parallel with the direction of motion. Whereas, the shear drag ignored because this force depends 

on the thickness of the object. In the simplicity of a term, the shear drag is work like a friction force and 

if the thin sheet object (t ≈ 0) was used, this force can be ignored because the number is too small [17] 

[18] [19].  

 

Drag coefficient 

CD (coefficient drag) is magnitude that shows the levels of easily an object affected by the drag forces. 

The coefficient depends on the object, not the medium so these coefficient is effected by several factors 

such as shape, the motion situation, and the flow of medium [12] [17] [20]. The coefficient gives 

contribution in linear effect to the air drag force resulted. In the simple definition, the drag coefficient 

is a ratio of the drag force and the pressure of the object. Mathematically, it can be expressed in Equation 

6 [15] [20]. 

 

 
A

C D

D



2

2

v

F


 (6) 

 

Because there are two types of the drag force that are pressure drag and shear drag, Equation 7 and 

Equation 8 show the drag coefficient for each type. There are  

 

 

L

DC
Re

33.1
  (7) 

 

for pressure drag and  

 

 
  5

1

Re

0742.0

L

DC   (8) 

 

for shear drag with ReL is a function of Reynold's number that depends on the shape of an object.  

 

 

METHOD 

 
The research was begun by making an air-tight box in order to reduce external factors on track of objects 

(seen Figure 1). Then, the process was followed by making sample objects using paper and scraper cut 

as the thin sheet and square shape (seen Figure 2).  
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Fig 1. Box Track 

 

 
 

Fig 2. The sheet model of paper and scraper 

 

To obtain data, there are three variables that was observed in this research. Each of them is area (A), 

density (ρ), and mass (m) as the independent variable and the velocity (v) as the dependent variable. 

Table 1 and Table 2 shows the variation of mass to be used while Table 3 and Table 4 show the variation 

of area of sheet. Variation of mass aimed to collect data analyzed for obtaining the information about 

effect of mass to air drag force. Besides, variation of area aimed to collect data analyzed for obtaining 

information about effect of area to air drag force. Both of variables, mass and area, were studied as a 

part of density which also contributed to air drag coefficient. The experiment was carried out in 28.4oC 

temperature and 73.9% moisture. Besides, another experiment that observed the contribution of area (A) 

was carried on 26.4oC temperature and 69.6% moisture. 

 

Table 1. The mass of paper sheet 

No area (cm2) mass (g) 

1 50.34 1.56 

2 50.34 1.85 

3 50.34 3.22 

4 50.34 4.06 

 

Table 2. The mass of scraper sheet 

No area (cm2) mass (g) 

1 35.88 0.70 

2 35.43 1.10 

3 36.24 1.20 

4 36.99 1.70 

5 36.72 1.80 

 

Table 3. The area of the paper sheet 

No area (cm2) mass (g) 

1 49.81 1.20 

2 42.77 1.20 

3 36.15 1.20 

4 30.53 1.20 

5 25.40 1.20 

 

Table 4. The area of scraper sheet 

No area (cm2) mass (g) 

1 49.63 1.20 

2 42.12 1.20 

3 35.79 1.20 

4 30.91 1.20 

5 25.14 1.20 
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The data was collected by using 13 Mega-Pixel of camera resolution and 30 frames per second (fps) 

recorder. The video contained records of moving objects in the air-tight box which was fallen without 

initial velocity. Then, these video was analyzed including imaging position of each time, velocity, and 

acceleration of the object by using Tracker video analyses. 

 

 
 

Fig 3. The Tracker video analyses. 

 

 

RESULTS AND DISCUSSIONS 

 
The result of the experiment by falling object from 50 cm provides the inversely proportional correlation 

between mass (m) and air drag forces (FD), while the area (A) provides proportional correlation toward 

air drag forces (FD). 

 

Table 5. The velocity and acceleration of the scraper sheet in constant area. 

No Mass (kg) v (m/s) a (m/s2) 

1 0.0007 0.92 0.74 

2 0.0011 1.06 2.07 

3 0.0017 1.05 2.96 

4 0.0018 1.29 4.07 

 
Table 6. The velocuty and acceleration of scraper sheet in constant mass. 

No Area (m2) v (m/s) a (m/s2) 

1 0.004963 0.85 1.10 

2 0.004212 0.98 1.61 

3 0.003579 1.16 2.80 

4 0.003091 1.23 3.38 

5 0.002514 1.45 3.57 

 

Table 5 shows that velocity (v) and acceleration (a) increases proportional to the increase of mass. By 

using the second of Newton’s law in motion that indicate of constant of gravitation acceleration, the 

change of the acceleration object was caused by the air drag forces (FD). According to equation 2, air 

drag forces can be expressed as mass object times to delta acceleration. Generally, the increasing of the 

velocity (v) and acceleration (a) indicate that there is maximum of air drag force (FD) in the system. If 

the correlation of mass and density in same volume, the higher mass of object the higher level of density. 

Thus, it also shows that air drag force is increases proportionally to the density. 
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According to Table 6, acceleration increases proportionally to the decrease of area. Thus, the wider the 

area, the greater the air drag force. This is logic, because the area, in this case is surface, has interaction 

to the air particle. Thus, the wider area the more interaction happen that cause the higher air drag force 

received by the objects. Furthermore, see Figure 4 and Figure 5 which show the direction of the object.  

 

 
 

Fig 4. Correlation of Y (m) - t (s) of scraper sheet in the constant area. 

 

Figure 4 shows the correlation of height (Y-axis) and the time (t) of scraper sheet motion in free fall 

motion track. According to Figure 4, the gradient increases with proportional to the increase of mass 

that indicates by increasing the mass of the object can be increasing the air drag forces.  

 

 
 

Fig 5. The correlation of Y (m) - t (s) in the constant mass. 

 

Figure 5 is the direction of several scrapers which have different sizes of area in which the sizes of 

scrapers are A1 > A3 >A5. The data in Figure 5 shows that the slope angle of the graph increases as the 

decreases of object’s size. That is, the gradient of the graph is inversely proportional with the area size. 

The area has interaction with the air drag forces. The wider area, the more air drag forces received. 

These finding prove the equation of FD shown the value of FD proportional to area (A). Next, Eq. 3 

shows that FD has the negative sign, so in free fall motion area work as a resistance to motion [16] [21]  

 

Figure 4 and Figure 5 indicates that the direction of free fall motion is parabolic. This condition complies 

with the general equation of motion (seen Equation 9) with acceleration [22]. 

 

 2

2
1)( gttvhyh oo   (9) 
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Fig 6. The comparison of paper and scraper sheet track motion. 

 

The comparison of a height of paper and scraper sheet in Figure 6 showed that both objects, paper and 

scraper, has same gradient which indicates velocity is relatively alike. However, there are difference od 

height object in every time where paper sheet has higher coordinate than those of scraper sheets. This is 

caused by the density of the object. Analytically, the paper sheet has higher density than scraper sheet 

does. According to these finding, it can be concluded that the density gave a numerical effect to the air 

drag forces. The explanation of this phenomenon is when an object which low density is held by the air 

drag forces; the working force does not completely hold the object because some air particles can pass 

through the space between the particles of the object. This analogy is similar to another fluid flow, water. 

In other site, low density will increase the shear drag force and it one of much reason that caused the 

difference of the air drag force working on between paper and scraper [17] [23].  

 

 
 

Fig 7. The correlation of Fd (N) - t (s) of the scraper in the constant area. 

 

Figure 7 shows that the line have the constant value at the end. Generally, air drag forces increase before 

the terminal velocity. According to Equation 5, it is happened in simple correlation that if the air drag 

forces have constant value, the acceleration must be zero and indicates that the object was in terminal 

velocity. Terminal velocity occurs when air drag forces has the same value as weigh. According to 

findings, air drag forces have the opposite direction with the acceleration, so the air drag force has the 

other correlation with mass in which air drag forces are inversely proportional to mass. The higher mass 

objects, the smaller air drag caused and the higher velocity of objects. This finding was also confirm 

with the terminal velocity rule in free fall motion [20] [24]. 
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Fig 8. Correlation of Fd (N) - t (s) in the scraper at the constant mass. 

 

Figure 8 shows the correlation between area and air drag forces where air drag forces has is same for all 

of sizes sheets when it was in terminal velocity. Thus, it can be concluded that air drag force does not 

depend on the area where it was in terminal velocity, and the terminal velocity is not depending on the 

size of objects. Because of A1>A2>A3, Figure 8 indicates that the size of area only has an effect before 

the objects extend the terminal velocity. Furthermore, the correlation of area and air drag forces is linear 

and the size of area only affects the time to reach terminal velocity [25] [26]. The larger of the object 

area is, the faster the object reaches terminal velocity.  

 

 
 

Fig 9. Terminal Velocity 

 

Figure 9 shows the changes in velocity as acceleration decreases shown by the gradient that initially 

shows an acceleration (before t =0.2 there is gradient) until the graph is flat. It can be concluded that 

there is a uniform linear motion which indicates the terminal velocity [27] [28]. Assuming that the value 

of gravity is equal to the value of the air drag, the value of the air drag coefficient can be determined. 

The calculation of drag coefficient gives the value of drag coefficient (CD) of scraper sheet 2.10 and 

2.16 to the paper sheet. The drag coefficient refers to air drag force in terminal velocity by the object 

[17] [22] [29]. Based on the results, the experiments design gives results close to literature. So it can be 

applied in school. It can be used as large scale testing of the experiment that developed. 
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CONCLUSION AND SUGGESTION 

 
The experimental design of free fall motion using paper and scraper can be used to define air drag forces. 

The use of Tracker video analyses in the same project gives a convenience to analyze object motion. 

The number of air drag forces is effect by several factors; that are 1) mass, with proportional correlation 

toward the air drag forces, 2) area, with proportional correlation, 3) density, with proportional 

correlation. Mass determine the weight of the object that cause the change of velocity. The area made 

the time of objects to reach terminal velocity different. Especially, the area is only given effect before 

terminal velocity reach. The calculation of drag coefficient gives the value of drag coefficient (CD) of 

scraper sheet 2.10 and 2.16 to the paper sheet. 
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