LIGHT & OPTICS

Behaviour of Light

Introduction

Light is a form of electromagnetic radiation that is visible to the human eye. It exhibits both wave like
and particle like properties, a concept known as wave-particle duality. Optics is the branch of physics

that studies the behavior and properties of light, including its interactions with matter.

Understanding the behavior of light is crucial in various fields, including:

e Telecommunications: Fiber optics for high-speed data transmission.
e Medicine: Lasers for surgery and imaging.

e Astronomy: Telescopes for observing celestial objects.

e Photography: Cameras for capturing images.

This module will explore the fundamental principles governing the behavior of light, including reflection,

refraction, diffraction, and interference.

Reflection

Reflection occurs when light bounces off a surface. The law of reflection states that the angle of
incidence (the angle between the incoming light ray and the normal to the surface) is equal to the angle
of reflection (the angle between the reflected light ray and the normal).
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e Specular reflection: Reflection from a smooth surface, such as a mirror, where the reflected light
rays are parallel.
o Diffuse reflection: Reflection from a rough surface, where the reflected light rays are scattered in

different directions.

The reflective properties of materials are determined by their refractive index, which is the ratio of the

speed of light in a vacuum to the speed of light in the material.

Refraction

Refraction is the bending of light as it passes from one medium to another. This occurs because the

speed of light changes as it enters a different medium.

Snell's Law describes the relationship between the angles of incidence and refraction:



Total internal reflection occurs when light traveling from a medium with a higher refractive index to a
medium with a lower refractive index strikes the interface at an angle greater than the critical angle. In
this case, all of the light is reflected back into the higher refractive index medium.

Diffraction

Diffraction is the bending of light as it passes through an aperture or around an obstacle. This
phenomenon is more pronounced when the size of the aperture or obstacle is comparable to the

wavelength of the light.

e Single-slit diffraction: Light passing through a single narrow slit creates a diffraction pattern of

alternating bright and dark fringes.




e Diffraction grating: A diffraction grating consists of a large number of parallel slits. It produces a
more distinct diffraction pattern with sharper fringes compared to a single slit.
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Interference

Interference occurs when two or more light waves overlap. The resulting intensity depends on the phase

difference between the waves.

e Constructive interference: Occurs when the waves are in phase, resulting in an increased
intensity.

e Destructive interference: Occurs when the waves are out of phase, resulting in a decreased
intensity.

Young's double-slit experiment demonstrates the interference of light waves. When light passes through

two closely spaced slits, an interference pattern of bright and dark fringes is observed on a screen.



Polarization

Polarization refers to the orientation of the electric field vector of a light wave. Unpolarized light has
electric field vectors oscillating in all directions, while polarized light has electric field vectors oscillating

in a specific direction.

e Linear polarization: The electric field vector oscillates along a straight line.

e Circular polarization: The electric field vector rotates in a circle.

Polarization can be achieved through various methods, including:

e Reflection: Light reflected at a specific angle (Brewster's angle) is partially polarized.
e Refraction: Some materials exhibit birefringence, where they have different refractive indices for
different polarizations of light.

e Polarizing filters: These filters selectively transmit light with a specific polarization.
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Summary

This module covered the fundamental behaviors of light, including reflection, refraction, diffraction,
interference, and polarization. These principles are essential for understanding various optical

phenomena and technologies. Further exploration into wave optics and quantum optics can provide a
more detailed understanding of the nature of light and its interactions with matter.
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