Optics

Optics is the branch of physics that deals with the study of light, its properties, and how it
interacts with matter. It includes the behavior of light, reflection, refraction, dispersion, and
the formation of images by lenses and mirrors.

Nature of Light:
Light 1s an electromagnetic wave that can travel through a vacuum.

It exhibits both wave-like and particle-like properties (wave-particle duality).
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Types of Light:

Visible Light: The part of the electromagnetic spectrum that is visible to the human eye
(wavelength range: 400700 nm).

Other types: Infrared, ultraviolet, X-rays, etc.

Reflection

When waves bounce off a surface.
When light bounces off an opaque object.
Two types of reflection:
Regular Diffuse

Regular Reflection
Incident (e Fufected Reys

Eg. plane mirror or any other surface This is like any surface that we can
that produces a reflected image.  see but does not refloct an image

Reflection of Light
Laws of Reflection:
The angle of incidence (1) is equal to the angle of reflection ().

The incident ray, reflected ray, and the normal (perpendicular to the surface) all lie in the
same plane.

Normal

Incident ray Reflected ray
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Types of Reflection:

Regular Reflection: Occurs when light strikes a smooth, shiny surface (e.g., mirror) and
reflects at the same angle.

Diffuse Reflection: Occurs when light strikes a rough surface and reflects in many different
directions.

Reflected rays

Reflected
etlected rays (not parallel)

Incident rays (parallel) Incident rays
(parallel) (parallel)
(Smooth surface) (Rough surface)
Regular reflection Irregular reflection

Plane Mirror:

Characteristics of the image formed by a plane mirror:
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Virtual (cannot be projected on a screen).
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Upright.
Laterally inverted (left appears right and vice versa).
Same size as the object.
Appears at the same distance behind the mirror as the object is in front of it.

Refraction of Light

Refraction is the bending of light as it passes from one medium to another with a different
optical density (e.g., from air to water).
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Laws of Refraction (Snell’s Law):

Snell’s Law gives a relationship between the angles
of incidence (0,) and refraction (6,) when a ray of
light travels from a rarer medium of refractive index
(n,) to a denser medium of refractive index (n,)
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Refractive Index:

Refractive index indicates how much light slows down in a medium compared to a vacuum.
Examples of Refraction:

A pencil appearing bent when partly immersed in water.

The apparent depth of a pool being less than its actual depth.

Total Internal Reflection

Definition: Total internal reflection occurs when light passes from a denser medium to a less
dense medium at an angle greater than the critical angle, causing the light to reflect back into
the denser medium.



Eclassopedia

Live Online Learning

Refrallction Critical Total I:nternal
' iI\ngIe Reflection
| |
Air :—| r S :
Water N Weak :
\
E/‘,Reﬂection ‘E-—i
Pl |
| ] |
| |
Conditions:

Light must travel from a denser medium to a less dense medium (e.g., from water to air).
The angle of incidence must be greater than the critical angle.
Applications of Total Internal Reflection:

Optical Fibers: Used in communication to transmit light signals over long distances with
minimal loss.

Mirage: An optical illusion caused by total internal reflection of light in layers of air with
varying temperatures.

Lenses
Types of Lenses:

Convex Lens (Converging): A lens that is thicker at the center than at the edges. It converges
light rays to a focal point.

Concave Lens (Diverging): A lens that is thinner at the center than at the edges. It diverges
light rays away from a focal pomt.

Double Plano-  Converging Double Plano- Diverging
convex  CONvex  meniscus concave  concave  meniscus

Converging lenses Diverging lenses
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Lens Terminology:
Optical Center: The geometric center of the lens.
Principal Axis: The line passing through the optical center and the two focal points.

Focal Point: The point where parallel rays converge (convex) or appear to diverge from
(concave).

Focal Length (f): The distance between the optical center and the focal point.

Convex lenses can form real, inverted images or virtual, upright images depending on the
object’s position.

Concave lenses always form virtual, upright, and diminished images.

Image Formation by Lenses

Convex Lens:

When the object is placed:

Beyond 2F: The image is real, inverted, smaller, and formed between F and 2F.

At 2F: The image is real, inverted, same size, and formed at 2F.
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Between F and 2F: The image is real, inverted, and magnified.

At F: No image is formed (rays are parallel).

Between F and the lens: The image is virtual, upright, and magnified.
Concave Lens:

Always forms a virtual, upright, and diminished image, regardless of the object’s position.

Focal point. F_&_:-
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Optical Instruments:

Magnifying Glass: Uses a convex lens to magnify objects.

Microscope: Uses two convex lenses for high magnification of tiny objects.
Telescope: Uses lenses or mirrors to view distant objects in space.
Diagram: The structure of the human eye.

Dispersion and Spectrum of Light

Dispersion: The splitting of white light into its constituent colors (spectrum) when it passes
through a prism.
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Red
Orange
Yellow
Green
Blue
Indigo
Violet

White Light

Glass Prism

Why Dispersion Occurs: Different colors of light have different wavelengths, and therefore,
different refractive indices in glass. This causes them to bend by different amounts.

Spectrum of Visible Light: Red, Orange, Yellow, Green, Blue, Indigo, Violet.
Applications of Dispersion:

Formation of rainbows: Caused by the dispersion of sunlight by water droplets.
Spectroscopy: Used to analyze the composition of light from stars and other sources.
Conclusion:

Optics plays a crucial role in understanding how light behaves and interacts with various
materials, leading to the development of a wide range of technologies, from eyeglasses and
cameras to telescopes and fiber optics. The study of reflection, refraction, lenses, and optical
instruments gives us valuable insights into the world of light and vision.



