Additional Reading Material for Geometric Optics

Geometrical Optics

Geometric optics is a branch of optics that illustrates the propagation of light as rays
traveling through a medium.

It assumes that light travels in straight lines and emphasizes the principles of
reflection and refraction at the boundaries between different media. This branch of
optics is widely applied in the analysis and design of optical devices like lenses,
mirrors, and prisms.

Lens: A lens is a transparent optical component. It is often made of glass or plastic, that
bends (refracts) light rays to either converge or diverge them. It is typically shaped with two
curved surfaces or a combination of one curved and one flat surface. Lenses are widely
used in optical devices such as eyeglasses, cameras, microscopes, and telescopes.

Convex lens: A convex lens is also called as a converging lens. It is thicker at the centre
than at its edges. It bends parallel light rays to converge at a single point called the focus.
Convex lenses are commonly used in magnifying glasses, eyeglasses for correcting
hypermetropia, and various optical instruments.

Concave lens: A concave lens is also known as a diverging lens. It is thinner at the center
and thicker at the edges. It causes parallel light rays to spread out, making them appear to
originate from a single point called the virtual focal point. Concave lenses are commonly
used in eyeglasses for correcting nearsightedness and in various optical devices.

Uses of Lenses:
* Vision Correction: In eyeglasses or contact lenses.
* Magnification: In microscopes, magnifying glasses, and telescopes.
* Image Formation: In cameras and projectors.

Key Terms:

Optical Axis: The straight line passing through the center of the lens and perpendicular to
its surfaces.

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

Refraction: It is the bending of light as it passes from one medium to another with a different
refractive index. This change in speed results in a change in the wave's direction.

Refractive Index:
The refractive index (n) of a material is a measure of how much the speed of light is
reduced inside the material. It is defined as the ratio of the speed of light in a vacuum to the



speed of light in the medium.

Formula for refractive index: n=vc
where, c is the speed of light in a vacuum and v is the speed of light in the medium.

Radius of Curvature: The distance from the vertex to the centre of curvature is known as
the radius of curvature.

Focal Length: The focal length ( f) is the distance from a lens or mirror to the focal point
( F). This is the distance from a lens or mirror at which parallel light rays will meet.

Thin Lens Equation: The following equation is the thin lens equation.
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u= object distance, v=image distance, f = focal length.

Mirror: A mirror is a reflective surface, typically made of glass or metal, that reflects light to
form an image. Mirrors work based on the principle of reflection, where light rays bounce off
the surface according to the law of reflection: the angle of incidence equals the angle of
reflection.Mirrors are widely used in optical devices, vehicles, and instruments for reflecting
light and forming images.

Reflection:

Reflection is the process by which light bounces off a surface. The law of reflection states
that the angle of incidence (the angle at which light hits a surface) is equal to the angle of
reflection (the angle at which light bounces off the surface). This applies to both flat (plane)
and curved mirrors.

Law of Reflection:

0i = or
where 0i is the angle of incidence and 6r is the angle of reflection.

Lens Law (Lens Maker's Formula):

The lens law relates the focal length of a lens to the curvature of its surfaces and the
refractive index of the material. It can be written as:

f1= (n-1)(R11-R21)

where:

» fis the focal length of the lens.
* nis the refractive index of the lens material.
* R;and R.are the radii of curvature of the two lens surfaces.

For thin lenses, this equation simplifies the relationship between the lens' focal length and its
curvatures.
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Mirror Equation:
The mirror equation describes the relationship between the object distance (u), image
distance (v), and focal length (f) for mirrors.

It is given by:
1/f= 1/u+1/v where:

» fis the focal length of the mirror.
* uis the object distance (the distance from the object to the mirror).
* v isthe image distance (the distance from the image to the mirror).

This equation is valid for both concave and convex mirrors.



