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How does the surface area of a flat circular canopy (0.102π m2, 0.152π m2, 0.202π m2, 
0.252π m2, 0.302π m2) of a parachute toy hanging a 20g object affect its terminal velocity 

(m/s) when falling from the third floor of a building (9.5 meters)? 
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Exploration 
Introduction 
Parachutes can be used to decelerate a person or object that is experiencing a fall by increasing 
the drag force. It is applied in different aspects such as military static-line jumping and 
emergency cases (New World Encyclopedia, 2022). In the current investigation, I would like 
to focus on parachute toys with a flat circular canopy as a simplified version of parachutes in 
practical life. A free body diagram of a falling parachute is shown below in figure 1. 

 
Fig.1 Parachute hanging a mass with forces labeled 

 
Research Question 
How does the surface area of a flat circular canopy (0.102π m2 , 0.152π m2 , 0.202π m2 , 
0.252π m2, 0.302π m2) of a parachute toy hanging a 20g object affect its terminal velocity (m/s) 
when falling from the third floor of a building (9.5 meters)? 
 
Background 
Drag force 
As mentioned, the increase in drag force is critical to the function of parachutes. The drag force 
exerted on an object is the force which acts opposed to the movement of the object when it 
flows through a certain fluid. The drag equation was initially proposed by Lord Rayleigh, now 
commonly expressed in eq. 1 below: 

𝐹! =
1
2𝐶!𝜌𝑢

"𝐴 (1) 

(Wegener, 1991) 
where 𝐹!	(N) is the drag force, 
𝐶! is the drag coefficient, with no units 
𝜌	(kg/m3)	is the density of fluid, 
𝑢	(m/s) is the flow velocity, which is the velocity of fluid relative to the moving object,  
𝐴	(m2) is the surface area with a dimension of 𝐿". 
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For Eq. 1, 𝐶!  is not constant in all cases. It has been claimed that Reynolds number is 
approximately inversely correlated with the drag coefficient (Lind and Sanders, 2004). The 
equation for Reynolds number is defined in eq.2 below. 

𝑅𝑒 =
𝜌𝑢𝐿
𝜇

(2) 

(Lind and Sanders, 2004) 
where 𝑅𝑒 is the Reynolds number, with no units 
𝜌	(kg/m3) is the density of fluid, 
𝑢	(m/s) is the flow speed, 
𝐿	(m) is the linear dimension of object, and 
𝜇	(Pa⋅s) is the dynamic viscosity of fluid. 
A large 𝑅𝑒 means the object experiences greater turbulent flow, while a small 𝑅𝑒 means 
that the object experiences greater laminar flow. 
 
Terminal velocity 
The terminal velocity is a constant velocity an object reaches when its net force becomes zero 
(Moebs et al., 2016). In the current investigation, this occurs when 

𝐹# + 𝐹! = 0𝑁  
𝐹! = 𝑚|𝑔| (3) 

where 𝑚 is the mass of the object hung under the parachute, 𝑔 is the gravitational constant 
9.81m/s2 down, and 𝐹! is the drag force exerted on the parachute canopy. In this case, the 
mass of the parachute canopy is negligible, and the drag force of the object is also negligible 
compared to the drag force of the parachute canopy. 
 
Determining the relationship between the surface area and terminal velocity 
1. Since there is an inverse correlation between Reynolds number and drag coefficient, I 

assumed that their relationship is  

𝐶$ =
𝑐
𝑅𝑒

(4) 

where 𝑐 is an unknown constant without units.  
 
2. After substituting Eq. (2), Eq. (3) and Eq. (4) to Eq. (1) and substituting linear dimension 

𝐿 by area 𝐴, I was able to obtain the relationship between the surface area and flow speed 
when the object reaches terminal velocity: 

𝑚|𝑔| =
1
2 𝑐 ×

𝜇
𝜌𝑢√𝐴

× 𝜌𝑢"𝐴  



 4 

Thus,  

𝑚|𝑔| =
𝑐𝜇𝑢√𝐴
2

 

𝑢 =
2𝑚|𝑔|
𝑐𝜇√𝐴

 

 
3. In ideal conditions, the object’s terminal velocity	𝑣% should be equal to the flow speed of 

air as the object reaches zero net force. Hence, I deduced that 

𝑣% =
2𝑚|𝑔|
𝑐𝜇 × 𝐴&'/"  

𝑣%" = @
2𝑚|𝑔|
𝑐𝜇 A

"

×
1
𝐴

(5) 

As C")|+|
,-

D
"
 is a constant in my investigation, I substituted it by a single constant 𝑀. 

(𝑣%)" = 𝑀 ×
1
𝐴

(6) 

 
Hypothesis 
It is hypothesized that as the surface area of a flat circular canopy increases, the terminal 
velocity of a parachute toy hanging a 20g object decreases when falling from the third floor 
(9.5 meters high) of a building. When plotting the square of terminal velocity against the 
multiplicative inverse of canopy area, a linear relationship is expected. 
 
Methodology 
Variables 
Independent variable: 
The independent variable is the area of a flat circular canopy (0.102π m2, 0.152π m2, 0.202π 
m2, 0.252π m2, 0.302π m2) of a parachute toy. This is manipulated by drawing and cutting 
circles of different radii to make the canopy. 
 
Dependent variable: 
The dependent variable is the terminal velocity of parachute toy (m/s). This is measured by 
analyzing the recorded video of parachute trajectory using the software Logger Pro. 
 
Table 1 below shows the variables controlled in the experiment and why and how to control 
them: 
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Controlled variables Why and how to control 

Mass of object hung under 
the parachute toy 

According to the background section, the mass of the 
object hung under the parachute toy determines the drag 
force it receives when reaching its terminal velocity. Since 
the terminal velocity is dependent of drag force, when the 
mass of the object increases, the terminal velocity would 
also increase. This variable is controlled by using the same 
object with a mass of 20g for all trials. 

Density of fluid 

According to the background section, the square of fluid 
density is proportional to the drag force. When fluid 
density increases, the terminal speed will decrease. This 
variable is controlled by dropping the parachute toy in the 
air in all trials. 

Dynamic viscosity of fluid 

According to the background section, the dynamic 
viscosity of fluid is inversely proportional to the drag force. 
When fluid density increases, the terminal speed will 
increase. This variable is also be controlled by using the air 
as the fluid in all trials. 

Shape of canopy on the 
parachute toy 

The drag coefficient is determined by the shape of canopy 
as the surface area varies for different shapes. This variable 
is controlled by using a flat circular canopy for all trials.  

Number of strings of the 
parachute toy 

When there are more strings on a parachute toy, the shape 
of canopy alters and affects the drag force. This variable is 
controlled by using four strings while making the parachute 
toy for all trials. 

Table 1: List of controlled variables 
 
Materials 
Table 2 below shows the materials used, their quantities and uncertainties. 

 

 

Material name Quantity Uncertainty 
Woven nylon fabric 1 reel / 
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Tape measure 1 ±0.0005	m 
String 1 reel / 
Scissor 1 / 

Pen 1 / 
Hole puncher 1 / 
Phone camera 1 / 

20g weight 1 / 
Logger pro software 1 ±0.001	m 

Table 2: Material list 
 
The materials used in the experiment are displayed and labelled in figure 2 below.  

 
Fig. 2 Material used in the experiment 

 
Procedure 
1. Tie the reel of string on the end of a pen. Place the tape measure on the knot of the string 

and mark on the position of the string where the reading on the tape measure shows 10cm.  
2. Cut the string at the mark. Press the end of string on the woven nylon fabric and draw a 

circle (radius is 10cm). 
3. Cut down the circle and draw four lines from the center to divide the circle into four equal 

parts. 
4. Use the hole puncher to make four holes at the end of each line. Measure four strings each 

with a length of 30cm and tie them to the holes. 
5. Tie the four strings to the 20g weight to finalize the making of parachute toy. Figure 3 

below shows an image of the parachute made.  
6. Bring the parachute toy to the third floor of a building with a height of around 9.5 meters 

and drop it from the window. Meanwhile, the process of falling should be recorded by a 
phone camera. 

7. Import the video to the Logger Pro software to obtain the terminal speed of the parachute. 
8. Repeat steps 1-7 for canopies with a radius of 0.15m, 0.20m, 0.25m, and 0.30m. 

scissor 

woven nylon 
fabric 

string 

tape measure 

pen 

20g weight 

hole puncher 
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Figure 3 below shows a completed toy parachute with a radius of 0.15m. 

 
Fig. 3 An image of one finalized parachute 

 
Safety, ethical and environmental issues 
When releasing the parachute from the building, it is important to make sure no that one walks 
by downstairs to prevent the parachute from hitting others.  
 

Analysis 
Raw data collection 
Qualitative data 
During the experiment, it is observed that the parachute falls at a slower speed when the canopy 
of parachute has a larger surface area. 
 
Quantitative data 
Videos of the falling trajectory of each parachute are recorded and inputted into Logger Pro. 
Using video analysis, data for the travel displacement of the parachute can be collected. Table 
3 below demonstrates the data for time and the corresponding vertical position of the parachute 
with a surface area of 0.102π m2. Full raw data is shown in the appendix section.  

 
Table 3: Time and vertical position of parachute with a surface area of 0.102π m2 

Determining the terminal velocity 
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Using the raw data, the graph for vertical displacement of parachute against time can be plotted. 
Since the terminal velocity is defined as the constant velocity an object reaches when falling, 
the terminal velocity can be obtained by determining the slope of the linear section in the 
vertical displacement versus time graph.  
 
An example for this calculation is shown in figure 4 below. This example is the data for the 
first trial in the case when the surface area of the parachute is 0.102π m2. In figure 4, the final 
five points fit into a linear function, with a correlation coefficient of -0.999. The terminal 
velocity is the slope of this linear function, which is -4.168 m/s. 

 
Fig. 4 Example of vertical displacement of parachute against time graph 

 
The same method is used to determine the terminal velocity for the remaining trials. The 
vertical displacement graphs for the other trials are listed in the appendix. Table 4 below shows 
the terminal velocity for each condition.  

Area (m2), 
±	0.0005  

Terminal velocity (m/s), ±	0.001 

Trial 1 Trial 2 Trial 3 Trial 4 Trial 5 

0.0314 -4.168  -4.681  -4.660  -4.895  -4.348  

0.0707 -3.835  -3.124  -3.290  -3.656  -3.754  

0.1257 -2.241  -2.977  -3.133  -2.623  -2.913  

0.1963 -2.025  -2.106  -1.577  -2.330  -2.272  

0.2827 -1.376  -1.668  -2.279  -1.453  -2.218  

Table 4: Data for surface area and terminal velocity of parachute 
 
Sample calculation 
In this section, the condition when the surface area of the parachute is 0.0314 m2 (0.102π m2) 
is used for a sample calculation. As mentioned in the exploration section, a linear relationship 
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is expected between the square of the terminal velocity (𝑣.") and the multiplicative inverse 
of the canopy surface area (𝐴&'). The mean terminal velocity is calculated below: 

𝑣. =
(−4.168) + (−4.681) + (−4.660) + (−4.895) + (−4.348)

5  

𝑣. = −4.550	
m
s ≈ −4.6	

m
s  

Thus, the square of the terminal velocity is: 

𝑣." = C−4.550	
m
s 	D

"
= 20.706	

m"

s"  

The absolute uncertainty of the terminal velocity is calculated by dividing the difference 
between the maximum and minimum value by 2: 

∆𝑣% =
(−4.168) − (−4.895)

2  

∆𝑣% = 0.3635 ≈ 0.4	
𝑚
𝑠  

Thus, the uncertainty for the square of the terminal velocity can be obtained: 

∆𝑣%"

𝑣%"
= 2 ×

∆𝑣%
𝑣%

 

∆𝑣%"

20.706	 = 2 ×
0.4

−4.550 

∆𝑣%" ≈ 3.601	
m"

s" ≈ 4	
m"

s"  

The multiplicative inverse of canopy surface area is calculated below. 

1
𝐴 =

1
0.0314	

m"

s" ≈ 31.8471	
1
m" 

Since the uncertainty of the surface area is half of the smallest division, which is ±	0.0005 m2, 
the uncertainty of the multiplicative inverse of the surface area is: 

∆𝐴&'

𝐴&' = P−1 ×
∆𝐴
𝐴 P 

∆𝐴&'

31.8471 = P−1 ×
0.0005
0.0314P 

∆𝐴&' ≈ 0.5071	
1
m" ≈ 0.5	

1
m" 

Processed data analysis 
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Using the method from the sample calculation above, the data for all trials is processed. The 
processed data is demonstrated in table 5 below: 

Area (m), 
±	0.0005 

1/Area 
(1/m) 

Uncertainty 
of 1/Area 

(1/m) 

Terminal 
velocity, 
𝑣%	(m/s) 

Uncertainty 
of 𝑣% (m/s) 

𝑣%" 
(m2/s2) 

Uncertainty 
of 𝑣%" 
(m2/s2) 

0.0314 31.8 0.5 4.6 0.4 21 4 

0.0707 14.1 0.1 3.6 0.4 13 3 

0.1257 7.96 0.03 2.8 0.4 8 2 

0.1963 5.09 0.01 2.0 0.4 4 2 

0.2827 3.537 0.006 1.8 0.5 3 2 

Table 5: Processed data 

 
Fig. 5 Graph of square of terminal velocity against 1/Area 

 
Figure 5 above shows the relationship between the square of the terminal velocity and the 
multiplicative inverse of canopy surface area. The black line represents for the best fit line, 
while the red and blue lines represent the worst fit lines.  
According to the analysis using Logger Pro, the best fit line reveals the relationship: 

𝑣%" = 0.6279 ×
1
𝐴 + 1.952 

The worst fit lines reveal the relationship: 

𝑣%" = 0.8434 × '
/
− 1.932, 𝑣%" = 0.4261 × '

/
+ 3.510 

The uncertainty of the slope is 
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0.8434 − 0.4261
2 = 0.20865	m0s&" ≈ 0.2	m0s&" 

The uncertainty of the y-intercept is 
3.510 − (−1.932)

2 = 2.721	m"s&" ≈ 3	m"s&" 

Hence, the relationship between the square of the terminal velocity and the multiplicative 
inverse of the surface area considering uncertainty is 

𝑣%" = (0.6	m0s&" ± 0.2)
1
𝐴 − (2	m

"s&" ± 3) 

 
Conclusion 

The aim of the current research is to investigate how the surface area of a flat circular canopy 
in a parachute toy affects its terminal velocity. It was hypothesized that there is a linear 
relationship between the square of the terminal velocity and the multiplicative inverse of 
canopy surface area.  
 
The processed data is plotted on a graph, which revealed the relationship that 𝑣!" =
(0.6	m#s$" ± 0.2) 1 𝐴⁄ − (2	m"s$" ± 3). This means that when the multiplicative inverse of the 
canopy surface area increases by 1 m3s-2, the square of the terminal velocity increases by 
0.6	m#s$" ± 0.2 . This result supports the hypothesis that a linear relationship is expected 
between the square of the terminal velocity and the multiplicative inverse of the canopy surface 
area. This is because an increase in surface area increases drag force exerted on the parachute, 
which decreases the terminal velocity of the parachute based on the Newton’s second law.  
 
Despite a linear relationship, the results fail to maintain low random and systematic errors. As 
calculated in the analysis section, the uncertainty of the slope is ±0.2	m#s$". The percentage 
uncertainty of the slope is (0.2 0.6) × 100% ≈ 33.3%⁄ . Since this value is larger than 10%, it 
can be indicated that the result is not highly precise and reliable. In addition, the correlation 
coefficient shows a value of 0.9781, which implies that there are some random errors present.  
 
Since the theoretical linear relationship is (𝑣!)" = 𝑀 × (1/𝐴), it is expected that the linear 
graph would pass through the origin. However, from the graph I plotted, the best fit line does 
not pass the origin. This suggests that there are also some systematic errors present.  
 
Literature value and percentage error 
According to eq. 6 derived in the exploration section, the relationship(𝑣!)" = 𝑀 × (1 𝐴)⁄  has a 

constant value M, where 𝑀 = C")|+|
,-

D
"
. This means that the value of M shall be the same if 
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the object hung under the parachute is the same, and if the parachute falls through the same 
fluid, which in this case is the air. However, since c is an unknown constant, the theoretical 
value cannot be obtained through direct formula calculation. Thus, my results are compared to 
the results from a similar study conducted by Tripathy. Based on the processed data from the 
literature, it can be calculated that the slope between the square of terminal velocity and the 
multiplicative inverse of the circular canopy surface area is approximately 0.0378 (Tripathy, 
2023). The object hung under the parachute in the literature has a mass of 4 grams, which is 
five times smaller than the mass in my study. Since constant M is proportional to the square of 
object mass, the literature value can be deduced: 

literature	value = 0.0378 × 5" = 0.945 
While in my investigation, the slope appears to be around 0.628. 
 
Thus, the percentage error can be calculated using the formula: 

percentage	error =
|experiment	value − literature	value|

literature	value × 100% 

percentage	error =
0.945 − 0.628

0.945 × 100% ≈ 33.5% 

 
Since the percentage error is larger than 10%, the result fails to reach high accuracy.  
 

Evaluation 
As mentioned, the results have 33.3% random error, some systematic error, and 33.5% 
inaccuracy. This means that there are certain limitations in the current investigation. Since the 
relationship between the independent variable and dependent variable manages to meet the 
hypothesis, strengths are also present.  
 
Weaknesses 
• Firstly, there are variables which are difficult to be controlled. For example, wind may be 

present during the fall. When the direction of parachute motion is the same as the direction 
of the wind, the wind exerts a force which increases the net force on the parachute, thus 
making the terminal velocity measured larger. Conversely, when the direction of parachute 
motion is opposite to the direction of wind, the terminal velocity measured appears to be 
smaller. Hence, the uncontrolled wind could lead to inaccuracy.  

• Secondly, since nylon woven fabric has relatively high flexibility, the shape of parachute 
canopy changes in shape due to the tension from the strings. This could decrease the 
surface area provided by the parachute as some parts of the fabric may be folded inwards. 
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Therefore, the actual surface area is smaller than the value I use for data analysis. This 
could lead to an increase in systematic errors.  

• Thirdly, while dropping the parachute, I may unintentionally add a force to it. An 
extraneous force increases or decreases the net force of the parachute, affecting its 
acceleration. The change in acceleration can lead to a change in terminal velocity, which 
is a possible reason for random errors.  

• Fourthly, for some trials the parachute fails to fall in a straight line. One reason could be 
that the string used in the experiment sometimes twist together during the fall, causing a 
slightly curved trajectory.  

 
Improvements 
In response to the weaknesses mentioned in the section above, I proposed the following 
improvements.  
• To minimize the effect of wind, one improvement could be conducting an indoor 

experiment. For example, I can go to a gym or an empty place to drop the parachute.  
• Dealing with the second weakness, one alternative is using fabric with greater density and 

rigidity. This makes the canopy less likely to be deformed due to the string. Another 
possible approach could be building a frame with materials such as wood stripes and wires 
under the canopy for fixation purposes. However, in this case, the mass of canopy should 
be considered. 

• Regarding to the issue of unintentionally creating extra force, I can be more careful with 
my way of dropping the parachute. For example, I can hold the two sides of the canopy 
between the fingers so that the parachute can be dropped simply by opening my fingers. 
This cause much less extraneous forces compared to dropping using the entire hand.  

 
Strengths 
Despite limitations, there are also strengths in the study: 
• For each variation in the value of independent variable (which is the surface area of 

parachute), five trials are conducted, and the average terminal velocity is determined. This 
helps decreases random errors and makes the results more accurate. 

• In the analysis part, video analysis is used to determine the terminal velocity of the 
parachute. This method is more accurate compared to calculation of terminal velocity 
based on falling duration. This is because video analysis provides a specific trajectory of 
falling in forms of position versus time graphs. Using the graph, I can identify which part 
is linear, which indicates when the object reaches terminate velocity.  
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Appendix 
Condition 1: surface area = 0.102π m2 

 trial 1 
 

 trial 2 
 

 trial 3 
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 trial 4 

 

 trial 5 
 
 
Condition 2: surface area = 0.152π m2 

 trial 1 
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 trial 2 

 

 trial 3 

 

trial 4 
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 trial 5 

 
 
Condition 3: surface area = 0.202π m2 

 trial 1 
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 trial 2 
 

 trial 3 
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 trial 4 

 

 trial 5 
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Condition 4: surface area = 0.252π m2 

 trial 1 
 

 trial 2 
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 trial 3 

 

 trial 4 
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 trial 5 
 
 
Condition 5: surface area = 0.302π m2 

 trial 1 
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 trial 2 

 

 trial 3 
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 trial 4 

 

 trial 5 


