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P11      Light and Optics 

 

We are unable to see anything in a dark room. On lighting up the room, things become visible. What 
makes things visible? During the day, the sunlight helps us to see objects. An object reflects light that falls on 
it. This reflected light, when received by our eyes, enables us to see things. We are able to see through a 
transparent medium as light is transmitted through it. There are a number of common wonderful phenomena 
associated with light such as image formation by mirrors, the twinkling of stars, the beautiful colours of a 
rainbow, bending of light by a medium and so on. The fact is – our eyes alone cannot see any object until light 
helps. The light may be emitted by the object, or may have been reflected by it. 

If an opaque object on the path of light becomes very small, light has a tendency to bend around it and not 
walk in a straight line – an effect known as the diffraction of light. Then the straight-line treatment of optics 
using rays fails. To explain phenomena such as diffraction, light is thought of as a wave, the details of which you 
will study the in higher classes. Again, at the beginning of the 20th century, it became known that the wave 
theory of light often becomes inadequate for treatment of the interaction of light with matter, and light often 
behaves somewhat like a stream of particles. This confusion about the true nature of light continued for some 
years till a modern quantum theory of light emerged in which light is neither a ‘wave’ nor a ‘particle’ – the new 
theory reconciles the particle properties of light with the wave nature. 

Laws of Reflection 

The light ray, which strikes a surface, is known as the incident ray. 

 The incident ray that returns back from the 
surface is known as the reflected ray (as shown in 
the image given below). 
 When all the parallel rays reflected from a 
plane surface are not necessarily parallel and the 
reflection is known as diffused or irregular 
reflection. 
 Almost every object that we see around is 
visible because of the reflected light. 
 Some objects generate their own light, such 
as the sun, electric lamp, fire, flame of a candle, 
etc. and make themselves visible. 

 Splitting of light into its different colors is known as dispersion of light (as shown in the image given 
below). 

 Rainbow is a natural phenomenon showing dispersion. 
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Human Eyes 

 The human eyes have a roughly spherical shape. 
 The transparent front part is known as cornea (shown in the image given below). 
 The dark muscular structure known as iris. 
 The size of the pupil (pupil is small opening in iris) is controlled by the iris. 
 It is the iris that gives eye the distinctive color. 

 Lens is found behind the pupil of the eye (see the image 
given above). 
 The lens focuses light on the back of the eye, which is 
known as retina. 
 Retina contains several nerve cells; based on their features, 
they are divided into two categories: i.e. 
 Cones − These are sensitive to bright light and 
 Rods − These are sensitive to dim light. 
 The impression of an image (on retina) does not disappear 

immediately rather persists there for about 1/16th of a second; therefore, if still images of a moving object 
are flashed on the retina at a rate faster than 16 per second, then the eye sees this object as moving. 

 The minimum distance at which the eye can see an object distinctly varies with growing age. 
 The most comfortable distance at which a normal eye can read is about 25 cm. 

Braille System 

 The most popular and accepted resource for the visually 
challenged people is known as Braille. 
 Braille system is developed for the visually challenged 
people; they can learn the Braille system by beginning with letters, 
then special characters, and letter combinations. 
 Louis Braille, a visually challenged person, developed a 
system of learning especially for the visually challenged persons; 
and hence, the system is named after his name ‘Braille.’ 

Braille system has 63 dot patterns or characters and each character 
represents a letter, a combination of letters, a common 
word or a grammatical sign. 

Dots are arranged in cells of two vertical rows of three dots 
each and when these patterns are embossed on Braille 
sheets, then it helps visually challenged to identify words 
by touching them (see the image given above). 

Reflection 

 The natural/artificial agent that kindles sight and 
makes things visible is known as light. 

 Light appears to travel in straight lines. 

Reflection of light 

The throwing back by a body or surface of light without absorbing it, is known as reflection of light. 
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A highly polished surface, such as a mirror or other 
smooth and plane surface, reflects most of the light 
falling on it. 

 Reflection of light is either specular (just like mirror) 
or diffuse (retaining the energy. 

Laws of Reflection of Light - Following are the significant 
laws of reflection − 

 The angle of incidence is equal to the angle of 
reflection, and 
 The incident ray, the normal to the mirror at the 

point of incidence and the reflected ray, all lie in the same plane. 
 The laws of reflection described above are applicable to all sorts of reflecting surfaces including spherical 

surfaces. 
 Image formed by a plane mirror is always virtual and erect. 

Spherical Mirror 

The spherical mirror, whose reflecting surface is curved inwards (as shown in the image given below), i.e. face 
towards the center of the sphere, is known as concave mirror. 

The spherical mirror, whose 
reflecting surface is curved 
outwards (as shown in the image 
given below), is known as a convex 
mirror. 

The center of the reflecting surface 
of a spherical mirror is a point 
known as pole represented by 
English letter ‘P.’ 

The reflecting surface of a spherical 
mirror forms a part of a sphere, which has a center, known as the center of curvature represented by English 
letter ‘C.’ 

Remember, the center of curvature is not a part of the mirror, but rather it lies outside the reflecting surface. 

 In case of concave mirror, the center of curvature lies in front of it. 
 In case of convex mirror, the center of curvature lies behind the mirror. 

The radius of the sphere of which, the reflecting surface of a spherical mirror forms a part, is known as the radius 
of curvature of the mirror and represented by the English letter ‘R.’ 

Remember, the distance pole (P) and center of curvature (C) is equal to the radius of curvature. 

The imaginary straight line, passing through the pole and the center of curvature of a spherical mirror, is known 
as the principal axis (see the image given below). 
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All the reflecting rays meeting/intersecting at a point on the principal axis of the mirror; this point is known as 
principal focus of the concave mirror. It is represented by English letter ‘F’ (see the image given below). 

 

On the other hand, in case of 
convex mirror, the reflected rays 
appear to come from a point on 
the principal axis, known as 
the principal focus (F) (see the 
image given below). 

 

The distance between the pole (P) 
and the principal focus (F) of a 
spherical mirror is known as 
the focal length and it is 

represented by the English 
letter ‘f’ (see the image given above). 

The diameter of the reflecting surface 
of spherical mirror is known as 
its aperture. 

Uses of Concave Mirror 

 In order to get powerful parallel 
beams of light, concave mirrors are 
universally used in torches, search-
lights, and vehicles headlights. 
 Concave mirror is also used in 
barber’s saloon, as it gives larger view. 
 Concave mirror is also used by 

dentists, to see the large images of the teeth of patients. 
 Large concave mirrors are used to concentrate sunlight to produce maximum heat in the solar furnaces. 

Uses of Convex Mirrors 

 In all vehicles, convex mirrors are universally used as rear-view (wing) mirrors. 
 In vehicles, convex mirrors are preferred, as they give though diminished, but an erect image. 

Refraction 

Light, normally, travel along the straight-line paths in a transparent medium. When light is travelling obliquely 
from one medium to another, then the direction of propagation of light changes in the second medium, the 
phenomenon is known as refraction of light. 

In the image (a) given below, because of refraction in a glass of water, the image is flipped. 
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As shown in the image given above, because of the 
refraction in the water, the fish does not appear at 
its actual position rather a little above of its actual 
position. 

Laws of Refraction of Light 

Following are the significant laws of refraction of 
light− 

The incident ray, the refracted ray and the normal 
to the interface of two transparent media at the 
point of incidence, all lie in the same plane. 

The ratio of sine of angle of incidence to the sine of angle of refraction is a constant, for the light of a given 
color and for the given pair of media. This law is also known as Snell’s law of refraction. 

The constant value of the second medium with respect to the first is known as the refractive index. 

The Refractive Index 

 In a given pair of media, the extent of the change in direction is expressed in terms of the refractive index. 
 For a given pair of media, the value of the refractive index, depends upon the speed of light in the two 

media. 
 The aptitude of a medium to refract light can be also expressed in terms of its optical density. 
 The following table illustrates the absolute refractive index of some significant material media − 

Material Medium Refractive Index 

Air 1.0003 

Ice 1.31 

Water 1.33 

Alcohol 1.36 

Kerosene 1.44 

Fused Quartz 1.46 

Turpentine Oil 1.47 



General Science - Physics 

Institute for Administrative Services®    P11 – Optics and Light  6 
 

Rock Salt 1.54 

Diamond 2.42 

  

EYE 

 The human eye is one of the most valuable and sensitive sense organs. It empowers us to see the wonderful 
and colorful things around us. 

 The human eye is very much similar to a camera. 
 The lens system of an eye forms an image on a light-sensitive screen known as the retina (see the image 

given below). 
 Light enters the eye through a thin membrane known as the cornea. 

 With a diameter of about 2.3 
cm, the eyeball is almost spherical in 
shape. 
 Behind the cornea, there is a 
structure, known as iris (see the 
image given above). 
 Iris is a dark muscular 
diaphragm; it has major function to 
control the size of the pupil. 
 The pupil has major function 
to control and regulate the amount 
of light entering the eye. 
 The lens of eye forms an 
inverted real image of an object on 
the retina. 

Power of Accommodation 

 The eye lens, which is composed of a fibrous, jelly-like material, has an important role; further, the change 
in the curvature of the eye lens also change the focal length. 

 When the muscles are in relax state, the lens shrinks and becomes thin; therefore, its focal length 
increases in this position and enables us to see the distant objects clearly. 

 On the other hand, when you look at an object closer to your eye, the ciliary muscles contract; resultantly, 
the curvature of the eye lens increases and the eye lens becomes thicker. In such a condition, the focal 
length of the eye lens decreases, which enables us to see nearby objects clearly. 

 Such ability of the eye lens to adjust its focal length is known as accommodation. 
 Furthermore, the focal length of the eye lens cannot be decreased below a certain (minimum) limit. This 

is the reason that we cannot read the book kept very close to our eyes rather we have to maintain a 
certain distance. 

 To see an object comfortably and clearly, the object must be kept at the distance of (about) 25 cm from 
the eyes. 

 However, there is no limit of the farthest point; a human eye can see objects of infinity, e.g. moon, stars, 
etc. 
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Defects of Vision and Their Correction 

 When the crystalline lens of an eye (normally at old 
age), becomes milky and cloudy, it is known as cataract. 
 Cataract causes partial or complete loss of vision; 
however, it can be treated through a cataract surgery. 

Following are the three common refractive defects of 
vision − 

1. Myopia or near-sightedness 
2. Hypermetropia or farsightedness, and 
3. Presbyopia 

Myopia 

Myopia is also known as near-sightedness. 

A person suffering from myopia can see nearby objects 
clearly, but cannot see distant objects clearly. 

 

As shown in the image given above, in a myopic eye, the image of a distant object is formed in front of the 
retina instead of at the retina. 

Myopia may arise because of − 

 Excessive curvature of the eye lens, or 
 Elongation of the eyeball. 
 This defect can be corrected by using a concave lens of suitable power. 

As shown in the image given above, using of concave lens of suitable power, brings the image back on to the 
retina; likewise, the defect is corrected. 

Hypermetropia 

 Hypermetropia is also known as far-
sightedness. 

 A person suffering from hypermetropia 
can see the distant objects clearly, but 
cannot see the nearby objects clearly. 

 In such a case, as shown in the image 
given below, the near point, is farther 
away from the normal near point (i.e. 25 
cm). 

Hypermetropia may arise because of 

 The focal length of the eye lens – when it 
is too long, or 
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 The eyeball has become too small. 
 Hypermetropia can be corrected by using a convex lens of appropriate power. 

As shown in the image given above, eye-glasses with converging lenses provide the additional focusing power 
that helps in forming the image on the retina. 

Presbyopia 

 Presbyopia, an eye problem, arises because of the gradual weakening of the ciliary muscles and diminishing 
flexibility of the eye lens. 

 Some people suffer from both myopia and hypermetropia; such kind of eye defect is treated by 
using bifocal lenses. 

 A common type of bi-focal lenses consists of both the concave and the convex lenses. 

Refraction through Prism 

Prism is a triangular glass, which has two triangular bases and three rectangular lateral surfaces (as shown in 
the image given below). 

 

The unique shape of the prism makes 
the emergent ray bend at an angle to 
the direction of the incident ray and 
this angle is known as the angle of 
deviation. 

The angle between two lateral faces of 
a prism is known as the angle of the 
prism. 

Dispersion of White Light by a Glass 
Prism 

As shown in the image given above, 
the prism has split the incident white light into a band of colors. 

The various colors those are seen through prism are arranged in order; this order is named as ‘VIBGYOR.’ 

VIBGYOR is constituted after taking first letter of all the following colors − 

V − Violet 

I − Indigo 

B − Blue 

G − Green 

Y − Yellow 

O − Orange 
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R − Red 

 The band of the colored components of a light beam is known as spectrumand VIBGYOR is the sequence 
of colors that you can see in the above image. 

 The splitting of light into different colors is known as dispersion. 
 All the colors have different bending angles in respect to the incident ray; the red light bends list (can be 

seen at the top) whereas the violet bends the most (see the image given above). 
 Because of having different bending angles, all the colors become distinct. 
 Newton was the first scientist who used a glass prism to obtain the spectrum of sunlight and he concluded 

that the sunlight is made up of seven colors. 
 A rainbow is a natural spectrum that most likely appears in the sky after a rain shower (see the image given 

below). 
 Rainbow after the rain is normally result of dispersion of sunlight by the tiny water droplets. 
 The tiny water droplets present in the atmosphere act like small prisms. 
 A rainbow always forms in the opposite direction of the Sun. 

Atmospheric Refraction 

 The deviation of light rays from a straight path in the atmosphere (normally because of variation in air 
density) is known as atmospheric refraction. 

 Atmospheric refraction nearby the ground produces mirages, which means, the distance objects appear 
elevated or lowered, to shimmer or ripple, stretched or shortened, etc. 

 In the night, the stars appear twinkling, it is also because of the atmospheric refraction. 
 Because of the atmospheric refraction, the 
Sun remains visible and about 2 minutes after the 
actual sunset and about 2 minutes before the 
actual sunrise (see the image given below). 

Tyndall Effect 

The earth’s atmosphere is largely constituted of a 
heterogeneous mixture, such as tiny water 
droplets, suspended particles of dust, smoke, and 
molecules of air. When a beam of light strikes 
through such fine particles, the path of the beam 
gets scattered. The phenomenon of scattering of 
light by the colloidal particles (of the atmosphere) 
gives rise to Tyndall effect. 

 The scattering of light makes the particles 
visible in the atmosphere. 

 Very fine particles scatter largely blue light whereas particles of larger size scatter the light, which has 
longer wavelengths. 

 The red light has a wavelength (about) 1.8 times larger than the blue light. 
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Total Internal Reflection 

Total internal reflection refers to the complete reflection of a ray of light within a given medium from the 
surrounding surface. Here, the ray of light continues to be reflected within the medium (glass, water etc.) without 
being refracted off. In order to get a good understanding of what total internal reflection really is, it is important 
to understand refraction. 

Applications 

 Total Internal Reflection Fluorescence Microscopy (TIRF) 

TIRF is a type of microscopy that allows for the imaging of various fluorescent molecules that are located near 
the glass/water or glass/specimen interface. This technique was developed in the early 80s and delivers very 
high axial resolution, which allows technicians and other users to be able to observe processes associated with 
the membrane. 

 Diamonds which are used as jewelry are designed and cut in such a way to maximize the amount of light 
which experience total internal reflection. This makes the diamond trap most of the light that enters it, which 
then undergo several total internal reflections before leaving the diamond, making it supremely shining. 
Diamond has a very high refractive index. 
 Optical fibers which are used mainly in telecommunication are another important application of total 

internal reflection. Optical fibers have revolutionized the speed with which signals are transferred, not only 
across cities but across countries and continents making telecommunication one of the fastest modes of 
information transfer. Optical fibers are also used in endoscopy. 

 There are certain rain sensors which control windshield wipers on vehicles that apply the principles of 
total internal reflection. Certain kinds of touch screens on cameras also use this principle. 

 It is one of the finest breakthroughs in the field of communications. 

Fiber optics, also spelled fibre optics, the science of transmitting data, voice, and images by the passage of light 
through thin, transparent fibers. In telecommunications, fiber optic technology has virtually 
replaced copper wire in long-distance telephone lines, and it is used to link computers within local area 
networks. Fiber optics is also the basis of the fiberscopes used in examining internal parts of the body 
(endoscopy) or inspecting the interiors of manufactured structural products. 

The basic medium of fiber optics is a hair-thin fiber that is sometimes made of plastic but most often of glass. 
A typical glass optical fiber has a diameter of 125 micrometres (μm), or 0.125 mm (0.005 inch). This is actually 
the diameter of the cladding, or outer reflecting layer. The core, or inner transmitting cylinder, may have a 
diameter as small as 10 μm. Through a process known as total internal reflection, light rays beamed into the 
fiber can propagate within the core for great distances with remarkably little attenuation, or reduction in 
intensity. The degree of attenuation over distance varies according to the wavelength of the light and to 
the composition of the fiber. 

When glass fibers of core/cladding design were introduced in the early 1950s, the presence of impurities 
restricted their employment to the short lengths sufficient for endoscopy. In 1966, electrical engineers Charles 
Kao and George Hockham, working in England, suggested using fibers for telecommunication, and within two 
decades silica glass fibers were being produced with sufficient purity that infrared light signals could travel 
through them for 100 km (60 miles) or more without having to be boosted by repeaters. In 2009 Kao was 
awarded the Nobel Prize in Physics for his work. Plastic fibers, usually made of 
polymethylmethacrylate, polystyrene, or polycarbonate, are cheaper to produce and more flexible than glass 
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fibers, but their greater attenuation of light restricts their use to much shorter links within buildings 
or automobiles. 

Optical telecommunication is usually conducted with infrared light in the wavelength ranges of 0.8–0.9 μm or 
1.3–1.6 μm—wavelengths that are efficiently generated by light-emitting diodes or semi-conductor lasers and 
that suffer least attenuation in glass fibers. Fiberscope inspection in endoscopy or industry is conducted in the 
visible wavelengths, one bundle of fibers being used to illuminate the examined area with light and another 
bundle serving as an elongated lens for transmitting the image to the human eye or a video camera. 

These involve the transmission of voice, data, or video over distances of less than a meter to hundreds of 
kilometers, using one of a few standard fiber designs in one of several cable designs. Carriers use optical fiber 
to carry plain old telephone service (POTS) across their nationwide networks. Local exchange carriers (LECs) use 
fiber to carry this same service between central office switches at local levels, and sometimes as far as the 
neighborhood or individual home (fiber to the home [FTTH]). Optical fiber is also used extensively for 
transmission of data.  

Multinational firms need secure, reliable systems to transfer data and financial information between buildings 
to the desktop terminals or computers and to transfer data around the world. Cable television companies also 
use fiber for delivery of digital video and data services.  

The high bandwidth provided by fiber makes it the perfect choice for transmitting broadband signals, such as 
high-definition television (HDTV) telecasts. Intelligent transportation systems, such as smart highways with 
intelligent traffic lights, automated tollbooths, and changeable message signs, also use fiber-optic-based 
telemetry systems.  

Another important application for optical fiber is the biomedical industry. Fiber-optic systems are used in most 
modern telemedicine devices for transmission of digital diagnostic images. Other applications for optical fiber 
include space, military, automotive, and the industrial sector.  

The disadvantages of optical fibres are:  

Price - Even though the raw material for making optical fibres, sand, is abundant and cheap, optical fibres are 
still more expensive per metre than copper. Although, one fibre can carry many more signals than a single 
copper cable and the large transmission distances mean that fewer expensive repeaters are required.  

Fragility - Optical fibres are more fragile than electrical wires.  

Affected by chemicals - The glass can be affected by various chemicals including hydrogen gas (a problem in 
underwater cables.)  

Opaqueness - Despite extensive military use it is known that most fibres become opaque when exposed to 
radiation.  

Requires special skills - Optical fibres cannot be joined together as easily as copper cable and requires additional 
training of personnel and expensive precision splicing and measurement equipment. 

 

 


