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Abstract: Recent days, digital and smart technologies, automated control
devices are widely implemented in various fields of industry, manufacturing,
agriculture and other important industries, as well as in residential buildings. [1,2]

Diffraction is a fundamental wave phenomenon observed when light encounters
obstacles or openings, leading to interference patterns that provide insight into the
wave nature of light. In this study, we examine diffraction patterns produced by
different aperture shapes and sizes, analyzing their impact on intensity distribution and
fringe spacing. Using laser light and varying aperture geometries—circular, square,
and slit—we observe distinctive diffraction characteristics. The experimental results
align with theoretical models, reinforcing Huygens-Fresnel and Fraunhofer diffraction
principles. This study contributes to a deeper understanding of wave optics and its
applications in optical systems and engineering.[3]

Keywords: Diffraction, Apertures, Wave Optics, Huygens-Fresnel, Fraunhofer
Diffraction, Light Interference.

1. Introduction

Diffraction, a key phenomenon in wave optics, occurs when light waves
encounter obstacles or pass through apertures, bending around edges and interfering
constructively or destructively. The study of diffraction has broad applications in
optical engineering, spectroscopy, and modern imaging systems. This paper
investigates diffraction patterns formed by different apertures and analyzes the
resulting intensity distributions.

2. Theoretical Background
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Diffraction can be categorized into two primary types:

1.

Fresnel Diffraction: Observed when the light source or observation

screen is at a finite distance from the aperture.

2.

Fraunhofer Diffraction: Occurs when both the light source and screen

are at infinite distances (or using lenses to approximate this condition), resulting in

well-defined fringe patterns.

According to the Huygens-Fresnel principle, each point of a wavefront acts as a

secondary wave source, leading to an interference pattern. The equation governing

single-slit Fraunhofer diffraction is given by:

where

in2
I= 105”/;—2’3 = I,sin?B @.1)
B _ na;in@ (2‘2)

is the slit width, A is the wavelength, and 0 is the diffraction angle.[4]

3. Experimental Setup

3.1 Components

Laser source (He-Ne, 632.8 nm)

Optical bench with adjustable apertures

Circular, square, and single-slit apertures
Photodetector and screen for intensity measurement
ESP32Cam

Ln298 motor driver

DC mator

3.2 Procedure

1.
2.

A coherent laser beam is directed towards the chosen aperture.

The diffraction pattern is recorded on a screen placed at varying distances.

Intensity distributions and fringe spacings are measured using a photodetector and

analyzed for different aperture shapes.
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Figure 3.2.1
4. Results and Discussion

The experimental results confirmed theoretical predictions:

o Single-Slit Diffraction: A central bright fringe with diminishing side

fringes following the sinc-squared function.

Figure4.1. Fraunhofer Diffraction of Single Slits
o Circular Aperture: An Airy disk pattern with concentric bright and dark
rings. When light passes through a circular aperture, a diffraction pattern like the one
illustrated in Figure 4.1. is observed. The location of a maximum or a minimum of
intensity is given by

kA= asin 0, 4.1)

Figure 4.2. Circular Diffraction
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where a is the diameter of the aperture and the value of k depends upon
which dark or light ring is observed. Values of k for the first five dark and the first

five bright rings are given in the table below.

Table 3.1
Ring number Dark rings (k) Bright rings(k)
1 1.22 1.64
2 2.23 2.69
3 3.24 3.72
4 4.24 4.72
5 5.24 5.72

Square Aperture: A pattern exhibiting a cross-shaped intensity distribution

due to edge effects.

Figure4.3Diffraction of Rectangular Aperture

These findings validate the Huygens-Fresnel principle and the importance of
aperture geometry in diffraction effects.
5. Conclusion and Future Work
This paper demonstrated the use of ESP8266 for analyzing circular and
rectangular diffraction.While this study provides valuable insights into diffraction
through various apertures, there are several avenues for further research:
1. Diffraction with Non-Conventional Apertures: Exploring patterns
formed by apertures with irregular shapes (e.g., fractal or asymmetric apertures) may

reveal unique interference behaviors useful in advanced optical applications.
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2. Polarization Effects in Diffraction: Investigating how different
polarization states affect the diffraction pattern can be useful in optical communication
and laser-based applications.

3. Computational Modeling and Simulation: Using computational
techniques such as the finite-difference time-domain (FDTD) method to model
complex diffraction behaviors and compare them with experimental results.

4, Diffraction in Different Media: Conducting experiments where
diffraction occurs in different refractive index environments (e.g., water, glass, or
plasma) to study variations in wave propagation.

5. Applications in Optical Imaging and Sensors: Utilizing diffraction
properties to improve imaging techniques, such as super-resolution microscopy and
holography.

By expanding on these areas, future research can deepen our understanding of
wave optics and lead to technological advancements in photonics and optical
engineering.
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This study provides an in-depth analysis of diffraction through various apertures,
demonstrating how aperture geometry influences light propagation and interference.
Understanding diffraction behavior is crucial for applications in optical engineering,
microscopy, and photonic technologies.
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