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ABSTRACT

Energy can neither be created nor can it be destroyed. It can only change from one form to another. This paper
examines if the law of conservation of energy holds true in projectile motion.

With advances in computing, we do not require artillery guns and sophisticated equipment for testing these
concepts now. A Python-based computer simulation coded with the appropriate rules and set to accept the
correct parameters (Mass of the object, Angle of Projection, and Initial Velocity) can conduct an infinite number
of experiments and simplify reporting. Through this paper, we test the law of conservation of energy at
different points along the projectile’s trajectory and for three different parameters namely Mass of the object,
Angle of Projection, and Initial Velocity and present our findings.

Keywords: Energy Conservation, Simulation, Calculation, Program, Projectile Motion, Mass Of The Object,
Angle Of Projection, Initial Velocity.

I. INTRODUCTION

Our society’s progression thrives on advancements in science, technology and engineering, all rooted in
research and scientific knowledge. The unpredictable nature of technological progress underscores the
importance of physics, which influences research and development across natural sciences, biology and
chemistry. Physics permeates educational systems globally and shapes our everyday experiences; hence,
anyone exploring the physical world and the natural phenomena can be regarded as a physicist [1]. The essence
of physics is evident in the diverse manifestations of motion observed in the universe—be it fascinating,
violent, or beautiful. Motion, a fundamental characteristic, facilitates the comprehensive study of the universe.
The study of motion, known as physics, was recognized as early as the fifth century BCE in ancient Greece [2].

Many students encounter difficulties in conceptualizing and mastering physical principles. This paper aims to
present a practical approach to enhance comprehension of Newtonian mechanics, specifically projectile motion.
Projectile motion serves as a fundamental example of two-dimensional motion extensively explored by
researchers. Traditional treatments of projectile motion, devoid of aerodynamic drag, utilize differential and
integral calculus or algebra and trigonometry [3]. Consider a ball thrown into the air at an angle: it ascends to
its apex before descending, while simultaneously moving horizontally away from the point of release. A
fundamental principle dictates that an object's horizontal displacement can be determined without accounting
for its vertical motion. By decomposing vector quantities—such as acceleration, velocity, and position—into
orthogonal components, variations in magnitude along specific axes are apparent. Upon release, the ball's
motion can be segmented into its upward and forward components: the upward velocity constituent governs
its ascent and descent, while the forward velocity component dictates its trajectory [4]. However, it is not
intuitive that the energy will remain constant throughout the trajectory. Through our simulation, we will
calculate the kinetic and potential energy at different points of the projectile’s trajectory as well as examine the
effect of Mass of the object, Angle of Projection, and Initial Velocity.

II. METHODOLOGY

Computational aspects of Simulation

The simulation has three codes for different case studies relating to projectile motion to calculate different
values of an object in a projectile motion. The codes calculate velocities in the vertical and horizontal directions,
height, time, trajectory, range and energy using different functions imported from the math library following
the physics equations relating to each different value. To graph the motion of the three objects the trajectory is
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first calculated with the trajectory equation using values of angle of projection, gravitational potential constant
and the initial velocity that are either calculated through the code or are inputted by the user. The codes plot
the graphs, label axis, set a limit to axis and add a title to the graph plot using the functions imported from the
matplotlib.plot library. The quadratic graphs are plotted evenly for energy and distance using the linspace and *
function imported from the numpy library.

Physical aspects of Simulation

The first code calculates the initial velocities for the vertical and horizontal directions after the users input.
After these velocities are calculated, the code calculates the height using the v?> = u? + 2as equation. The time
is calculated with the v = u + at equation. The horizontal distance is then calculated with the equation s = ut.
To graph the projection of the object case study, the trajectory can be calculated with splitting the x? and the x
value into 2 variables to be calculated.

v3sinsin 2 6,

The second example object code calculates the initial velocity using the R = equation for each ball.

The code then calculates the trajectory with a variable calculating the x? and the x term value with the user

g

2oacost0)? x]equatlon.

inputs for the range and angle with the y = x [tan@o —

The third example object code calculates the initial velocity in both directions, the height, Gravitational
Potential Energy using the mgh equation and the Kinetic Energy using the %mv2 equation at different times in

the projectile using the inputs from the user. To plot the curves of energy against time, the suvat equations have
been used to create quadratic functions for the GPE and KE.

1
GPE = (—Emgz) t2 + (mgu sin sin 0 )t

1 1
KE = (Emg2> t? — (mug sin sin 6 )t + (Emuz)

III. MODELING AND ANALYSIS

Code for projectile motion of a firework:

import math

1

2

3 # User Input for Initial Velocity, Angle that object is projected at and the Mass of object
4 u=int(input('Enter the initial velocity: "))

5 angle=int(input(’'Enter the angle of projection: "))

6 mass=int(input('Enter the mass of the object: "))

# Value of Gravity constant
g=0.8

0o

18

11 # Calcute Initial Velocity in the vertical and horizontal vector
12 horizontal_velecity=round(u*math.cos(math.radians(angle)),2)

13 wvertical_initial_welocity=round{u*math.sin(math.radians(angle)),2)
14 print( 'Initial vertical velocity: ', vertical initial wvelocity, 'm/s')
15

16 #Calculate Height using v2=u2+2as equation

17 height =round((({vertical_initial_velocity**2)/(2%g)),2)

18 print('Height: ', height, 'm")

19

20 # Calculate time using v=u+at equation

21 t=round{((vertical_initial wvelocity)/(g)),2)

22

23 # Calculate Horizontal distance using s=ut equation

24 xh=round((horizontal_velocity*t),2)

25 print({ 'Horizontal velocity: ', horizontal velocity, 'm/s')

26 print({'Horizontal distance: ', xh, 'm")

27 print('The gravity constant: 9.81 m/s**")
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# Calculate trajectory to plot as a graph for distance
trajectoryax=round(math.tan(math.radians(angle)),2)
trajectoryax2=round(g/(2*({((vertical_initial velocity)*(math.cos(math.radians(angle})))**2)),5)

import matplotlib.pyplot as plt
from matplotlib.pyplot import *
from numpy import *

x=linspace(-1,xh,5888)
y=((-1*trajectoryax2)*x**2)+(trajectoryax*x)
plt.plot(x,y)

plt.xlabel{"x (m)")

plt.ylabel{"y (m)")

fig, ax=plt.subplots()

ax.set_xlim{xh/2)

plt.show()
Input:
Enter the initial velocity: 76
Enter the angle of projection: 75
Enter the mass of the object: 18
Output:

Initial Vertical velocity: 67.61 m/s
Height: 233.22 m

Horizontal velocity: 18.12 m/s
Horizontal distance: 125.83 m

The gravity constant: 9.81 m/s**
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Figure 1: Projectile Study to calculate the x and y values. Initial velocity (70 m/s) and Angle (75°).
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Code for projectile motion of two golf balls:

import math

1

2

3 # User Input for the range of both balls and the angle that ball is projected at
4 r=int{input('Enter the range: "))

5 ri=int(input( Enter the range: "))

6 anglea=int(input( Enter the angle: "))

7 angleal=int{input('Enter the angle: "))

8
9 #Value for Gravity Constant
e g=9.8@

L2 # Calculate Initial wvelocity of balls using Range equation

L3 initial_velocity=round(math.sqrt({r*g)/(math.sin(math.radians(2*anglea)))),2)
La initial_velocityl=round({math.sqrt{(rl*g)/(math.sin{math.radians(2*angleal)})})},2)
LS print{ 'Initial velocity of first: ', initial_velocity)

L6 print( 'Initial velocity of second: ', initial velocityl)

L8 # Calculate trajectory using trajectory equation

Lo trajectoryx=round(math.tan(math.radians{anglea)),2)

P8 trajectoryx2=round(g/(2*(((initial_ velocity)*(math.cos{math.radians(anglea))))**2)),5)

P1 print( 'Trajectory of Secondhole: ', trajectoryx, "x -', trajectoryx2, 'x2")

P2 trajectoryxl=round(math.tan({math.radians(angleal)),2)

P3 trajectoryx2l=round(g/(2*(((initial_wvelocityl)*(math.cos(math.radians(angleal))))**2)),5)
pa print( Trajectory of Secondhole: ', trajectoryxl, 'x -', trajectoryx2l, 'x2")

import matplotlib.pyplot as plt
from matplotlib.pyplot import *
from numpy import *

x=linspace(-1,r,588a)
v={{-1*trajectoryx2)*x**21+{trajectoryx*x}
vili={(-1"trajectoryx21)*x**2 )+ (trajectoryxl*x}
plt.plot(x,y)

plt.ploti{x,yl)

plt.xlabel{"x (m}")

plt.ylabel{"y (m}")

plt.title( Golf Ball")

fig, ax=plt.subplots{}

ax.set_wlim({&)

plt.show()

Input:
Enter the range: 98
Enter the range: 98
Enter the angle: 28
Enter the angle: 78
Output:
Initial velocity of first: 31.61
Initial velocity of second: 37.84
Trajectory of Secondhole: ©.58 x - 8.8064 x2
Trajectory of Secondhole: 2.75 x - 8.83853 x2
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Figure 2: Projectile Study to calculate x and y values for different angles. Range (90m, 90m) and Angle (30°,
70°)

Code for the energies of an object along the projectile motion:

import math
from matplotlib import pyplot as plt

u=int(input( 'Enter the initial welccity: "))

1
2
3
4 # User Input for Initial Velocity, Angle that object is projected at and the Mass of object
5
6 angle=(int(input( Enter the angle of projection: ")))

7

mass=int(input('Enter the mass of the object: '))

8

9 # Value of Gravity constant
16 g=9.81

11

12 # Calcute Initial Velocity in the vertical and herizontal vector
13 horizontal_velocity=u*math.cos(math.radians(angle))
14 vertical_initial_wvelocity=u*math.sin{math.radians(angle))

16 # Calculate time using v=u+at equation

17 t=int(2*vertical initial velocity)/(g)

18 height =(vertical_initial velocity*t)-(@8.5*g*(t*t))
19 print('Height: ', height)

import matplotlib.pyplot as plt
from matplotlib.pyplot import *
from numpy import *

plt.xlabel({'Time (s)")

plt.ylabel( 'Energy (J)")

plt.title( "Projectile Motion Conservation of Energy')
x=linspace(8,t,5808)
y=((B.5"mass*g*g)*x**2)-((mass*u*g*(vertical_initial welocity/u))*x)+(8.5*mass*u*u)
yl=(-1%(8.5*mass*g¥g) *x**2)+( (mass*g*u*(vertical_initial welocity/u))*x)
initial=8.5*mass*u*u

plt.axhline(y=initial, xmin=8.848, color="gresn', label="Total Energy’)
plt.plot(x,y, label="KE")}

plt.plot(x,yl, label="GPE')

plt.legend()

fig, ax=plt.subplots()

ax.set_ylim(@)

plt.show()
Input:
Enter the initial velocity: 78
Enter the angle of projection: 75
Enter the mass of the object: 188
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IV.  RESULTS AND ANALYSIS

The first two examples show a simulation of motion for a firework and two golf balls. Their path is outputted
through the code which displays the motion in x and y components. Taking the same Initial Velocity (70 m/s),
Angle (75°) and a Mass of (100 kg), the code then calculates and graphs the Gravitational Potential Energy
(Orange curve) and the Kinetic Energy (Blue curve).

Projectile Motion Conservation of Energy
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Figure 3: Projectile Study for Gravitational Potential Energy, Kinetic Energy and Total Energy for a projectile
motion. Initial Velocity (70 m/s), Mass (100 kg) and Angle (75).

The graph for the Gravitational Potential Energy increases from 0 at the ground level to the maximum value of
245 K] at the highest point and then decreases back to 0. The Kinetic Energy decreases from maximum energy
of 245 KJ at ground level to approximately 16 k] at the highest point and then increases back to 245 k]. The
point of intersection of energies is approximately at 125 k]. The Total Energy remains constant at 245 k] as
represented by the horizontal line when adding Gravitational Potential Energy and Kinetic Energy thus proving
that energy is conserved.

Energies for Mass = 100 kg, Initial Velocity = 70 m/s, Angle = 75° (Corresponding to Figure 3)

Gravitz;tril(;?;lllzgtential Kinetic Energy (J) Total Energy (J)
Atlaunch - 245,000 245,000
50% height 114,294 130,706 245,000
Max height 228,588 16,412 245,000
50% height 114,294 130,706 245,000
Landing Point - 245,000 245,000
Energies for Mass = 50 kg, [nitial Velocity = 70 m/s, Angle = 75°
GravitaEtril(e):;l, F(’](;tential Kinetic Energy (J) Total Energy (J)
Atlaunch - 122,500 122,500
50% height 57,147 65,353 122,500
Max height 114,294 8,206 122,500
50% height 57,147 65,353 122,500
Landing Point - 122,500 122,500
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Energies for Mass = 100 kg, Initial Velocity = 35 m/s, Angle = 75°

Gravitational Potential

Energy (J) Kinetic Energy (J) Total Energy (])
At launch - 61,250 61,250
50% height 28,574 32,676 61,250
Max height 57,147 4,103 61,250
50% height 28,574 32,676 61,250
Landing Point - 61,250 61,250

Energies for Mass = 100 kg, Initial Velocity = 70 m/s, Angle = 37.5°

Gravitational Potential

Energy (]) Kinetic Energy (]) Total Energy (])
Atlaunch - 245,000 245,000
50% height 45,397 199,603 245,000
Max height 90,795 154,205 245,000
50% height 45,397 199,603 245,000
Landing Point - 245,000 245,000

The tables prove the Energy is conserved for any value of Mass, Initial Velocity and Angle of Projection.
V. CONCLUSION

The graph for Gravitational Potential Energy and Kinetic Energy shows a simulation of how energies change
during the projectile path. This research proves that Energy is conserved for a projectile motion through
computational calculations and through a graph to visually see Energy Conservation outputted through a
computer program. This follows the law of conservation stating that ‘Energy can neither be created nor
destroyed’.
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