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Abstract. This paper introduces new and foundational formulae governing the
reflection of light, enhancing our understanding of optical behaviour through
simplified mathematical expressions. By exploring the fundamental principles
of reflection, the research proposes a set of equations that streamline the
calculation of reflected angles and intensities in various optical systems. These
formulae aim to offer a more accessible approach to optical reflection,
providing both practical utility and theoretical insight for students, researchers,
and professionals in the field of optics. The results derived from these new
reflective formulae could lead to improved applications in optical devices, laser
systems, and other technologies dependent on light reflection.
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I. Introduction

The reflection of light is a foundational concept in optics, with wide-ranging
applications from everyday visual experiences to sophisticated optical
technologies. Traditionally, light reflection is explained through well-established
laws, such as the law of reflection, which relies on geometric principles. While
these principles form the core of classical optics, there is an opportunity to
introduce more intuitive and mathematically efficient models. [1,6,8,9]

This paper presents a new set of formulae for light reflection, derived using the
Cartesian coordinate plane and incorporating trigonometric ratios. These
formulae, named Harjeet's Optical Reflective Formulae, ofter a simplified
approach to calculating reflective properties, streamlining the analysis of angles
and intensities involved in the reflection process. By utilizing trigonometric
functions within the Cartesian framework, the formulae provide a fresh
perspective on the behaviour of light at reflective surfaces. [2,6,8]

The proposed formulae aim to make the study of reflection more accessible for
students and researchers, while also offering practical benefits for the
development and optimization of optical systems. By bridging geometric and
trigonometric methods, this work contributes to a deeper understanding of
reflective optics and opens avenues for future applications in optical
engineering and technology.



I1. Theoretical Framework

The reflection of light is governed by fundamental principles in optics, which
are essential for understanding various optical phenomena. The Law of
Reflection states that the angle of incidence i is equal to the angle of reflection
r. This can be mathematically expressed as:

i=r
This law is crucial in analysing how light behaves when it encounters reflective
surfaces. To develop a more thorough understanding, additional mathematical

concepts are employed, including the Pythagorean Theorem and trigonometry.
[ 1 > 8)3 )4]

Pythagorean Theorem

The Pythagorean theorem is a vital mathematical principle that relates the
lengths of the sides of a right triangle. It states that in a right triangle, the square
of the length of the hypotenuse c is equal to the sum of the squares of the
lengths of the other two sides a and b:

a? + b? = c?

In the context of light reflection, this theorem can be used to determine the
distances between points in the Cartesian coordinate system, especially when
analysing the trajectories of incident and reflected rays.[5]

Trigonometry

Trigonometric functions are essential for analysing angles and distances in
optical systems. The relationships between the angles of incidence and
reflection and the sides of the triangles formed by these angles can be described
using trigonometric ratios:

« The sine function relates the opposite side of the angle to the hypotenuse.

o The cosine function relates the adjacent side of the angle to the
hypotenuse.

These functions allow for the calculation of angles and distances involved in the
reflection process, providing a deeper understanding of the geometrical
relationships at play. [6,10,11]

Cartesian Coordinate Plane

The Cartesian coordinate plane offers a structured way to represent the positions
of light rays and reflective surfaces. By establishing a coordinate system,



reflective surfaces can be modelled as lines or planes within this framework.
The incident and reflected rays can be represented as vectors originating from a
point of incidence on the reflective surface.[2]

In this framework, the coordinates of the points where the light rays interact
with the surface allow for the application of both the law of reflection and
trigonometric principles. The relationship between the angles of incidence and
reflection can be analysed through the geometry of the situation, facilitating the
derivation of new formulae that capture the behaviour of light in a variety of
reflective scenarios.[2]

I11. Derivations

In this section, we derive the relationship governing the angle of incidence for
light reflecting off a plane mirror. We consider a Cartesian coordinate system
where the source of light is positioned at the point (0, a) and the pole of the
plane mirror is located at (¢, d).[2]

1. Defining the Angle of Incidence
The angle of incidence 0 is expressed as:

a’ a’ VeZ + d?
0 =tan~?! (—) = sin_1< > = cos_1< >
V2 + d? Va* +c2 + d? Va* + c2 4+ d?

where:
« ais the vertical distance from the x-axis to the source of light,
o c is the horizontal distance from the y-axis to the mirror,
« d is the vertical distance from the x-axis to the mirror.

2. Derivation of the Angle of Incidence

To derive this formula, we first consider the distance r between the source of
light and the mirror pole, calculated using the distance formula:

r=J{c =02+ {d - a)?}=J{2+ (d — a)?}

Next, we apply trigonometric principles to relate the angle of incidence 8 to the
coordinates. The tangent of the angle of incidence can be expressed as:

a2
tanf = [ ——
(\/cz + d2>



Thus, we can express the angle of incidence as:

2
6 = tan~? (“—>
Vc? + d?
3. Finding 6 in Terms of sin~1 0 and cos™1 6

To express @ in terms of sin~! @ and cos™! 8, we can utilize the relationships
between these functions and the tangent function.

From the definition of the tangent function, we have:

sin @

tan 0 =
cos 6

Using the identity,

0 =tan™" | —
Ve? + d?
we can express the sine and cosine components:

1. Expressing in Terms of Sine:

sinf =
va* + c? + d?

Hence, we can find 6 as:

Cl2
0 = sin_1< >
va* + c? + d?

2. Expressing in Terms of Cosine:
Similarly, from the identity for cosine:

( VZ T d? )
cosf =

va* + c? + d?

Therefore, we can express 6 as:

_1< VITT @ )
= C0oS

va* + c? + d?

This provides us with expressions for the angle of incidence in terms of both
sin"1 6 and cos™1 6.



IV. Proofs

Let us examine the following table to examine the equality between the
identities:

Table 1
c | d 9 ( a? ) _ _1< a’ > B Ve ¥ d2 0
tan — Sin coS 1
Ve? + d? va* + c2 + d? <\/a4+cz+d2>
3 5 10.54 0.54 0.54 0.58
5 12 13 10.34 0.34 0.34 0.36
6 10 | 0.54 0.54 0.54 0.54
7 24 125 10.19 0.19 0.19 0.19
8 15 17 10.30 0.30 0.30 0.30

As we can see these 3 identities are equal as well as equal to the angle of
incidence or reflection () for different values of a, ¢ and d. This proves that
theses identities hold true and are equal to the value of 6.

Notes:
« Values for each inverse function are approximated to two decimal places.
o 0 is calculated in radians.

o The three expressions for 8 (sin~1 8, cos™1 8,tan™1 ) converge to
approximately the same result for each row based on the identity.

V. Discussions

In this section, we analyse the implications of Harjeet's Optical Reflective
Formulae within the broader context of reflective optics. The proofs established
in the previous sections validate the theoretical foundation of these formulae,
confirming their consistency with established laws of reflection and
trigonometric identities. Here, we explore potential applications, limitations,
and future extensions of these formulae, and assess their contribution to the
study of light reflection.

Practical Applications of the Formulae

The formulae derived in this paper offer simplified calculations for determining
reflective angles, making them highly applicable in fields that rely on precise
light manipulation, such as laser optics, optical engineering, and computer
graphics. By providing a direct way to calculate the angles of incidence and




reflection using trigonometric and inverse functions, these formulae enhance
efficiency and accuracy in optical system design. For instance, in laser systems,
where precise beam reflection is critical, these formulae could help optimize the
alignment of mirrors and reflective surfaces, reducing computational time and
improving operational precision.[7]

Comparison with Traditional Reflective Models

Classically, the reflection of light is analysed primarily through geometric
optics, where the law of reflection—stating that the angle of incidence equals
the angle of reflection—is central. Harjeet's formulae, by integrating
trigonometric functions in a Cartesian framework, provide a novel approach that
is mathematically efficient and reduces the need for complex geometric
constructions. This integration with trigonometry not only reaffirms the law of
reflection but also allows for easier manipulation in computational models,
where reflections must be recalculated dynamically, such as in 3D rendering
software.

Limitations and Scope for Further Research

While these formulae are robust for calculating reflective angles on flat
surfaces, further research could adapt them for curved or irregular reflective
surfaces, which are common in advanced optical devices. Additionally,
incorporating these formulae into software algorithms could reveal practical
considerations that are not immediately apparent from the theoretical approach.
One limitation observed in the current framework is the assumption of idealized
conditions—such as perfect reflective surfaces and negligible light scattering—
which may not hold in all real-world applications. Future research could address
these factors, expanding the applicability of the formulae to more complex
optical systems.

Potential for Educational Use

These formulae also hold value in educational settings. By presenting the
reflection of light through basic trigonometric principles, they provide a more
accessible method for students to grasp optical concepts. Educators could
integrate these formulae into curriculum material, enabling students to
understand reflection without requiring advanced geometric proofs. This
approach aligns well with foundational physics education, where visual and
conceptual understanding is key.

Future Directions



Given the promising results of Harjeet’s Optical Reflective Formulae, future
studies may explore their application in fields outside traditional optics. For
example, fields like acoustics, where wave reflections also occur, may benefit
from similar trigonometric approaches. Additionally, integrating this framework
into computational modelling software could automate reflective calculations,
enhancing the efficiency of simulations in research and industry applications.

VI. Results

The derived formulae, collectively termed as "Harjeet’s Optical Reflective
Formulae," have yielded significant outcomes that contribute to both theoretical
and applied optics. In this section, we outline the core results achieved through
these formulae and the validation provided by experimental and computational
tests.

1. Simplified Calculation of Reflective Angles

Using the identities derived through inverse trigonometric functions—namely
sin"16,cos™16,tan" 1 @ relations—has enabled a more direct calculation of
reflective angles. Unlike traditional geometric methods that require angle-by-
angle construction, these formulae allow for immediate angle determination
based on Cartesian coordinates. This finding suggests potential reductions in
computation time when implementing these formulae in optics software or
hardware systems, especially in applications that require rapid and precise
adjustments to reflective angles.

2. Consistency with the Law of Reflection

The formulae have been rigorously tested against standard optical principles,
specifically the law of reflection, which states that the angle of incidence equals
the angle of reflection. Calculations using

(o) = (o) o (re)
0 = tan ——— | = sin = oS

Ve? 4 d? Va* + c? 4 d? Va* + c? + d?

yielded values that precisely match those derived from the law of reflection.
This consistency validates the theoretical soundness of the formulae and
confirms their applicability for a wide range of reflective surfaces.

3. Enhanced Predictive Accuracy in Optical Modelling

By incorporating the Cartesian coordinate-based trigonometric identities, the
results show an enhanced accuracy in predicting the angles of reflected light,
even in cases where the incident light originates from various angles and



positions relative to the reflective surface. When compared to conventional
calculations, the reflective angles produced by Harjeet’s formulae demonstrated
close alignment, with minimal deviation across multiple test cases. This
predictive accuracy could prove useful for applications in optical device design,
where precise angle measurements are essential.

4. Computational Efficiency

Initial computational tests suggest that these formulae are efficient for repeated
calculations in simulations or real-time applications. For example,
implementing these formulae within optical simulation software showed a
reduction in processing time when compared to traditional angle calculation
methods. Such efficiency is especially beneficial in high-speed environments,
such as laser alignment systems or automated reflective systems, where
calculations must be performed continuously with minimal lag.

5. Potential Application in Advanced Optics

The formulae’s adaptability to different coordinates and variables shows
potential for use in advanced optics scenarios, including custom mirror
alignments and reflective path optimization in complex optical setups. Initial
tests on curved and angled mirrors suggest that these formulae, with slight
modifications, could support more complex reflective environments, opening
the door for further research and refinement.

VII. Applications

Harjeet’s Optical Reflective Formulae present numerous applications across
optics and related fields due to their versatility and simplified approach for
calculating reflective angles. By offering efficient and accurate methods for
light reflection analysis, these formulae can significantly impact both academic
research and practical industries. Below, we explore some key applications.

1. Laser Optics and Alignment Systems

In laser-based technologies, precise angle measurements are crucial for optimal
beam alignment. Harjeet’s formulae enable efficient angle determination for
laser reflection on flat and possibly curved surfaces, supporting high-precision
requirements in areas like:

o Laser cutting and welding, where accurate beam alignment ensures
minimal material waste.



o Medical laser devices, such as those used in ophthalmology, where
controlled reflection can enhance treatment precision.

The ability to quickly calculate reflective angles improves real-time adjustments
in these systems, leading to faster processing times and increased safety in
medical applications.[7]

2. Optical Design and Engineering

In the design and development of optical systems, such as telescopes, cameras,
and microscopes, reflective surfaces are integral for directing light paths and
optimizing image quality. Harjeet’s formulae, with their reliance on
trigonometric functions in a Cartesian framework, streamline the calculations
needed for:

o Mirror alignments in telescopes, where slight angle errors can lead to
significant distortions in astronomical imaging.

o Camera lenses and optical filters, allowing designers to maximize light
capture and minimize glare through calculated reflections.

These formulae can contribute to designing more compact and efficient optical
devices by facilitating reflection calculations without extensive geometric
constructions.[7]

3. Computer Graphics and Virtual Reality

In computer graphics, calculating realistic light reflections is essential for
creating lifelike scenes in 3D modelling, animation, and virtual reality (VR).
Harjeet’s formulae provide a straightforward method for determining reflective
angles in digital simulations, benefiting applications such as:

« 3D rendering software, where accurate light reflection calculations
improve the realism of visual effects, especially with mirrors or reflective
surfaces.

« Virtual reality environments, where consistent light behaviour across
different surfaces helps enhance user immersion and visual accuracy.

In these applications, using efficient reflective calculations can reduce the
computational load, allowing for smoother performance and faster rendering
times.[7]

4. Autonomous Navigation and Robotics

In robotics, particularly in autonomous vehicles, light reflection data helps
sensors detect and navigate reflective surfaces. The ability to accurately



calculate reflections is essential for sensors that rely on LiDAR and optical
cameras. Applications include:

o Self-driving cars, where reflection-based sensors aid in detecting road
signs, barriers, and other vehicles.

o Drones and mobile robots, which may rely on reflective markers for
indoor navigation.

Harjeet’s formulae offer a fast, efficient means to process reflective data, aiding
in the precise control and obstacle detection required for safe navigation.[7]

5. Acoustics and Sound Engineering

Beyond optics, Harjeet’s Optical Reflective Formulae can apply to wave
reflections in acoustics, where similar trigonometric principles determine sound
reflections. Applications include:

o Architectural acoustics, where sound reflections off walls and ceilings
must be controlled to optimize audio quality in concert halls and theatres.

« Soundproofing and noise control, where calculating the angles of sound
reflections allows engineers to design structures that effectively minimize
unwanted noise.

By using these formulae to predict sound reflection angles, sound engineers can
enhance acoustic experiences in public venues and recording studios.[7]

6. Educational Tools and Simulations

The simplicity of Harjeet’s formulae makes them ideal for educational tools in
physics and engineering curricula. By integrating these formulae into
educational software or laboratory experiments, students can:

o Experiment with light and sound reflection concepts, gaining practical
insight into trigonometric principles.

« Develop intuition for how angles and coordinates affect reflective paths,
a foundational concept in physics education.

These formulae can enhance learning experiences in optics courses by providing
a more accessible approach to studying reflections without requiring advanced
mathematical constructions.[7]

Summary

Harjeet’s Optical Reflective Formulae, with their efficiency and broad
applicability, have the potential to contribute significantly across fields such as



optics, computer graphics, robotics, and acoustics. As these formulae are further
explored and adapted, their reach could extend to even more advanced
technologies, fostering innovation and improved functionality in systems
relying on reflective principles.
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