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Abstract:

One of the foundational areas of mathematics is calculus. Functions, limits, differential and integral calculus, and
their applications make up most of the subject. Differentiation and integration are the limits of certain processes and
forms, functions are the essential subjects of calculus investigation, and limits are the fundamental notions of calculus.
This article explores the applications of calculus to gravity, rotational inertia, and force in physics. This exploration of
calculus highlights the enduring importance of this mathematical tool in theoretical and applied physics, and its key
role in driving future scientific breakthroughs. Calculus is a mathematical tool for studying the rate of change, area
under a curve, and limits. By precisely expressing the rate of change information of a function at a given location,
such as slope, area, and curvature, it can aid in the understanding and solution of problems pertaining to changes in
physics, engineering, biology, and other subjects. The growth of mathematics is substantially aided by the introduction
of calculus. employing calculus to find solutions to a wide range of issues that usually required only elementary
mathematics. It makes it possible to describe functions, velocities, accelerations, and curve slopes using a common set

of symbols.
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1. Introduction

Calculus, the mathematical study of continuous change,
plays a pivotal role in modern physics. As a fundamental
tool, it provides the framework for describing and ana-
lyzing physical phenomena that involve dynamic systems
and variable quantities. Few simple instances of the ap-
plication of calculus in physics could be calculating the
gravitational force, inertia, energy, and etcetera.

Calculus is crucial for examining the connection between
forces and motion in the study of gravitational force. The
ancients realized that the planets and stars were all orbit-
ing the sun when they studied the motions of the planets
among them before the invention of the calculus. The
principle of inertia, later developed by Galileo, asserts that
an undisturbed item always moves in a straight line unless
there is an external force acting on the system. Newton
extended this principle by introducing the concept of
force, which needs to be applied to the change the velocity
or the motion path of an object. In 2008, Xin studied the
applications of definite integrals in geometry and econom-
ics [1]. In 2010, Ren mainly used the idea of infinitesimal
method to solve physical problems such as variable force
work, water pressure, gravity, and moment of inertia [2].
In 2010, Liang analyzed the application of calculus in
general physics, enabling students to quickly understand

the ideas of calculus and proficiently use calculus methods
to analyze physics problems [3]. In 2012, Zhang studied
the applications of calculus in thermal power unit of pow-
er plant [4]. In 2013, Wang introduced the application of
definite integrals in high school physics, using problems
such as variable force work, two average values of force,
and effective values of alternating current as examples [5].
In 2013, Wang infused the ideas and methods of calculus
into high school physics teaching, Integrating the content
of the college entrance examination and the independent
enrollment examination, considering both aspects, to
achieve the connection between high school physics and
university general physics teaching [6]. In 2016, Ma con-
ducted research on a class of kinematic problems related
to acceleration and velocity [7]. In 2016, Tan elaborated
on the application of calculus ideas and methods in phys-
ics concepts and theories [8]. In 2019, Chen studied the
specific application of calculus ideas in middle school
physics teaching [9]. In 2020, Wei conducted research on
how to use calculus thinking to analyze high school phys-
ics problems and simplify complex physics problems [10].
This paper is organized as follows: the application of Cal-
culus in gravitational force will be given in Section 2.1.
Section 2.2 and 2.3 will be devoted to discussing the ap-
plication of Calculus in inertia and force respectively.
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2. Application of Calculus

2.1 Gravitational Force

Calculus was created to show how, in Newton’s research
of planet motion, the assumption that the forces acting on
planets were precisely directed toward the sun led to the
development of Kepler’s second law, which asserts that
equal regions should be swept out in equal timeframes.
Newton ultimately asserted that the phenomena of grav-
itation was universal by using his inverse square law to
demonstrate that the planet must move in accordance with
Kepler’s first law. Newton’s law of universal gravitation
became the name for it:
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Example 1. Consider two identical spheres with mass of
15g. The distance between the two particle is 5¢cm. Calcu-
late the gravitational force between the spheres.
Proof:
15*15
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Fig 1: The graph of Example 2
Example 2. Consider a small mass element of length dx at
a distance x from the centre of the rod as showed in Fig 1.

Mass of the mass element, dm = (%j*dx. Derive an ex-

pression for the gravitational field.
Proof: From the symmetry, we know that the horizontal
force Fx = 0, and the vertical component are:
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The magnitude of the gravitational force for the thin
straight rod on the particle is,

2GMm

F- /sz+ F? :|Fy|:m units of force.

The gravitational force in terms of vector:

F= {o’_m} (5)
a
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2.2 Inertia

As with translational motion, moment of inertia is a quan-
titative measure of rotating inertia if mass is a quantitative
measure of linear inertia. Newton’s First Law states that
an object’s mass increases with its inertia and resistance
to changes in linear velocity. Greater moments of inertia
are produced by more concentrated mass in rigid bodies
and particle systems compared to objects and systems that
have the same mass concentrated closer to the rotating
axis. This is how the mass moment of inertia is written:

| = Im r2dm (6)

Fig 2: The graph of Example 3
Example 3. Calculate the moment of inertia of a thin rod
with length | rotating around the y-axis in Fig 2.
Proof:

. L
= Ig x%dx = 3 units of inertia

Fig 3: The graph of Example 4
Example 4. Derive the inertia formula of a hollow cylin-
der in Fig 3, where m= pV;V = zhr?.
Proof:
dm=p*dV;dV =zh(2rdr)?dm = pzh(2rdr) (7)

I =J[lz rzp;rh(zrdr)=2;zphj:f ridr =”Tph[rz“—rl“] (8)

Derive the volume and mass formula of hollow cylinder
to simplify the inertia formula

V =zhr,? - zht? = zh(r} - r?) )
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m=pV = pzh(r; -r?) (10)

Simplify the inertia formula and substitute m from above
into the formula
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2.3 Work and energy

In physics, work is the result of displacement multiplied
by force. Both displacement and force are vectors with
magnitude and direction. The components of force and
displacement that move in the same direction are used to
calculate work. The work performed by the force in the
direction of displacement is given by the product of these
two component vectors. In mathematics, the definition of
work is

W =Fd (13)
Since the force is practically constant over all lengths, if
the force is applied vary, the mathematical computation
is simply adding up the minuscule work that is done by
pushing an object over a sequence of infinitesimal distanc-
es. It is therefore equal to determining the integral:

W = j » Fdx (14)
The force perpendicular to the motion does not act when

the starting and ending points are the same, as long as x;

= X,. The integral would be in the form of a line integral

if the route of motion is not straight line:

W, = I ® Fcosods (15)

Example 5. When a force of 20N pushes a 5.0 kg box
across the floor at a steady speed, how much labor is re-
quired to move the box 7.5 meters?

Proof: W =20*7.5=150Nm

Example 6. The function can be used to represent a vari-
able force operating on an object, expressed in Newtons:

F(x)=x*—4x+7, where x represents the separation

from the origin in meters. In order to move the object
from x = 1 to x = 4, how much work will it take?
Proof:

W:IiF(x)dx:jf(x2—4x+7)dx (16)
3 2 4
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3 Conclusion

The basic idea of the definite integral infinitesimal method
mainly includes replacing curves with straight ones and
discarding high-order infinitesimal quantities. The specific
implementation is divided into four steps: subdivision,
approximate substitution, summation, and finding limits.
With calculus, physicists can model dynamic systems,
calculate instantaneous rates of change, and gain a more
precise understanding of physical phenomena such as
gravity, inertia, and energy. On the other hand, integral
calculus allows the calculation of areas under curves,
such as the work done by a force and the accumulation of
physical quantities over time and space. The application
of calculus to physics is more than just a theoretical exer-
cise. It is a cornerstone of modern scientific research and
has driven significant advances in our understanding of
the natural world. Furthermore, continued research into
the application of calculus to physics has the potential to
unlock new discoveries, refine existing theories, and solve
unsolved problems in the field. It not only advances our
understanding of the physical universe, but also drives
scientific progress and shapes the future of physics and its
related fields.
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