/= student’s learning outcomes (SLOs) £

After studying this chapter, students will be able to: :
define and use the terms normal, angle of incidence, and angle of reflection. m f
al image

dct, and virtual).

use the law of reflection t m 5 e ;
apply the % awave refracts towards the normal when it slows

qualitative prf
down whilW&ilum and that it refracts away from the normal if it speeds up |
when it ent new medium (in the case the angle of incidence is zero, then the waves |

continue parallel to the normal).

define and use the refractive index from vacuum to a medium for lightasc/v.

define refractive indexn as; n = sini /sinr. Apply Snell's law; n = sini /sinr, to solve simple |
problems.

describe an experiment to show refraction of light by transparent blocks of different |
shapes. ]

define the terms critical angle C and total internal reflection.

derive the equation;n=1/sin C.

apply the equation; n = 1/sin Cto solve simple problems.

describe experiments to show internal reflection and total interna

evaluate and illustrate the use of opticaltj

stating the advantages of theiruse in e 3

analyze the action of thi 10 d thin diverging lenses on a parallel beam of

light. ©
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defineand use the term , and principal focus (focal point).

* drawray dia he formatlon of real and virtual images of an object by 2

convergi
« differentiate between real and virtual images.

* define and calculate linear magnification (as the ratio of image length to object length;
state and use the equation; linear magnification = image length / object length).

* describe the use of a single convex lens as a magnifying glass.

* describe the use of a single convex lens in various optical device applications (specifically
in the case of 2 magnifying glass, a camera, projector, and a photographic enlarger). This
includes drawing ray diagrams to show how each forms animage.

* explain the dispersion of light by a prism [mcludmg the %@@mpmra
by a thermometer].
¢ draw ray diagrams to shc@ﬁm&gﬁ in the normal eye, a short-sighted eye,

andalo

. descnbe the use of converging and diverging lenses to correct long-sightedness and
short-sightedness. '

* state that extreme gravity from interstellar objects like black holes can cause light to bend
(from the perspective of the observer) in a way that is analogous to a simple lens [This is
called ‘gravitational lensing .

| | - o
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Light is a form of energy that travels in the form of waves and allows see the

world around us. In this chapter, we will e

plore i I@ mirrors,
bends (refracts) when passing thro @ and how lenses shape

light to form images. Kﬁ angles of incidence, reflection, and
refraction, aWD ce between real and virtual images in everyday
tools like ca icroscopes, and eyeglasses. We will also learn how the human
eye detects light and colour, and how lenses help to correct vision problems. In

addition to this, the chapter will introduce advanced ideas such as gravitational
lensing and how light is used in modern scientifi ic and industrial technologies.

14.1 Reflection of Light

Reflection of light takes place when light hits Normat

a surface and bounces back instead of 3 ' N :
passing through it. This usually occurs on \k o e Ferds?
smooth and shiny surfaces, such as mirrors. S 7 . T

The angle at which light strikes the surface
(angle of incidence) is always equal to the

angle at which it reflects (ang!e of@ .ah_ F

(Fig. 14.1).
There are two Fig. 14.1: Reflection of light
Regular ectlon It takes place on smooth surfaces (like mirrors)

where light reflects in one direction, forming a clearimage.

Diffused/Irregular Reflection: It occurs on rough surfaces (like paper), where light
scatters in different directions, so no clear image is seen.

Reflection is'important for mirrors, periscopes, and optical devices, allowing us to
see objects and formi ;mages

Laws of Reflection

The reflection of light follows two basic laws:
First Law: The incident ray, the refiected ray,
and the normal (a line drawn perpendicular
to the surface at the point of reﬂectione)all e
in the same plane.
Second Law The ang

s s

Regular / Specular 3 Diffused
reflection reflection




LT .
&@ h-as mirrors and water, and help us to
f cktoformi images.
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Activity 14.1: Finding the Image Position in a Plane Mirror
Objective: To observe and understand the position and characteristics of the image
formed by a plane mirror.

‘Materials Needed: A plane mirror, an object,
a measuring tape, a light source, and a white
paper.

Procedure: Place the plane mirror in an
upright (vertical) position. Position the object
in front of the mirror. Ensure the object is not

taller than the mirror. Shine light onto the “Y é
u ormati

Look at the mirror and ob mg t reflecting from the object. When
two rays reﬂw r and reach the observer's eye, they appear to be
coming from behind the mirror. By using a ruler and the law of reflection, we can
*draw the reflected rays on paper. Extend these reflected rays backward with dotted

lines where they meet behind the miirror is the position of the image. This method
shows the virtual image location.

R l"” Vg L "‘J‘ i
=t

on by a plane mirror
object, soitis clearly visible (Fig. gl
O

There are four properties of an image formed by a plane mirror:

: o The image is erect - It appears upright, just like the object.

2 The image is of the same size — The size
of the image is exactly equal to the size of the
object. It can be written as: d,=d,

3. The image is laterally invertem@@

left and right sides of t

o s : : Fig. 14.3: Letter "D’ showi
reversed in the im 0 ig. 14.3. S e i
lateral inversion in a mirror
4 The image is virtual - It cannot be captured on a screen because it is formed

behind the mirror where light rays do not actually meet.

16,

Image

TTREISTITISTTY

Mirror




direction as it passes from one medium to Rarer medium

Denser medium

another, such as from air to water or glass
: (Fig. 14.4). This happens because light travels

at different speeds in different materials.
When light moves from a rarer medium (air) Refracted oy

to a denser medium (glass or water), it bends Fig. 14.4: Refraction of light

| towards the normal. When it moves from a denser medium to a rarer medium, it
bends away from the normal. The amount of bending depends on the refractive
index of the medium. Refraction explains many evewday phenome as a
pencil appearing bent in water, the worklr&;j:; ofle alﬂ'leras and
the formation of rainbows. _

Laws of Refraction of Llaht

The bending ¢-\.‘ Rl C1't=.'fract|on follows two essential principles:

L First Law: The incident ray, refracted ray, and the normal at the point where
light enters a new medium all lie in the same plane.

2 Second Law (Snell's Law): The ratio of the sine of the angle of incidence i to
the sine of the angle of refraction r remains constant for a specific pair of media.
:'—i:—: =0 e (14.2)

Here, n is the refractive index of the second medium relative to the first. The
refractive index indicates how much light bends when entering a different medium.

Speed of Lightin a Medium Eg @@m

The speed of light varies dependin ' gh which it travels. In
vacuum, light moves at 13& x 10® m s™'. However, when light
passes through “water, or glass, it slows down due to interactions

with medium particles. The denser the medium, the slower the speed of light. This
change in speed is measured using the refractive index n, which is the ratio of the




|

Refractive"lndex_ 2

The refractive index n of a medium is 3
changes when it enters that medium.

Itis defined as the ratio of the speed of  Mem
_Eﬁu in air or ' vacuum cto the speed of

measure of how much the speed of light

g = _ Speed of light in air =
AACHVe e = Speed of light in a medium 3

or n== ... (14. 3) :~

& 14.5: Refraction of light at a boundary
between two media

Figure 145 j

medtum 7 53

a hght ray changes direction when passing from
h refractlve index n; and speed ¢;) to medium-2 (with refractive

(angle of incidence) and 6, (angle of

refraction) demonstrate how the light bends according to Snell's law due to the

difference in refractlve indices




WW r= 28 L
Hence, the angle of refraction is 28 9° Eanas : - .
Exampie 14.2: The refractlve index of water is 1 33 What is ﬁ\espeed of hght in

water?

Solution:
Given that;
Refmcuvemdexafwatern 133 |
| Speedofhghtmvacuumc 3=<10“ms _ :
To find; Speed of light in water &_' 8 i 400 .
Using the ffonﬂula. ' =0 =0 _ <.

} Do You Know?

Some conwentimB @ O@©m
Quantity WMMA\\&/ Wen Hegative (-)

Object distance §[F M Virtual object

Image di Real Image Virtual image
Focal length f Concave mirror Convex mirror
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shed p?ane surfaces inclined
towards each other. It is usually made of
optical glass and is used to refract (bend)
light. In the case of a triangular prism
(Fig. 14.6), 60° angle each, the light passing
through it does not emerge parallel to its _
original path but instead changes direction.
When an incident ray (PE) strikes the prism at
point E, it bends towards the normal N and
travels inside the prism as refracted ray (EF.

Inside the prism, the ray makes an angle of @OK@

refraction r before reaching the ¢
ain, forming an emergent ray (Fs)

surface at point F.Asit%‘ s the RV
at an angle e. Theleme

Fig. 14.6: Refraction thfough
a thiangular giass prism

Ry IS not parallel to the incident ray (PE) but is
Ny gle D, known as the angle of deviation, This bending
wough a prism is widely used in optical instruments, spectrometry,
and light dispersion experiments.

Total [nternal Reflection 48 | |
Whena light ray is incident at a boundary between two different media, it splits into
two parts: one part reflects back into the original medium (reflected ray), and the

other part passes into -the second medium (transmitted or refracted ray), as shown
in Fig. 14.7(a).




along the boundary. This angle is called the critical angle (Fig. 14.7-b), and is
defined as: | - -

The angle of incidence for which the angle of refraction is 90’ is called the
critical angle. =8
Now, if the angle of incidence is increased beyond the critical angle, the light ray
does not refract at all. Instead, it reflects entirely back into the same medium. This
phenomenon is called total internal reflection, as shown in Fig. 14.7(c).

the same medium when passing from denser mediuy > tarek b in
such a way that angle of incidence i PRGN CA

equation becomes:
ny sin i = ng, because sin (90°) = 1




Now, if is the critical a

Rl :
:E SRR - (14.5)
To find thewﬂ E we rearrange it as:

=Sin"(N2/Ng) oo (14.6)
This only works when n, > nz, meaning the light must travel from a denser medium
to a rarer medium. If the second medium is air (where n, = 1), the equation
becomes:
| sinC=1/n

From the above equation, the refractive index of the i rst material (denser medium)
¢an be found as:
n=1/sinC
This relation only holds true if the Ilght
refractive index n into air.

Expenmnttosmdy -
To understand ho (refracts) when it passes through different
transparent e can perform a simple experiment using blocks of different
shapes right in our classroom or school laboratory (Fig. 14.8).

Aim of the Experiment

To observe how light refracts (bends) when it passes through a rectangular block,
semi-circular block, and glass prism.

Materials Needed ;

Laser light, protractor, paper sheet, pencil, ruler, and Perspex blocks (redangular,
semi-circular, and prism-shaped).

el
S

dewatnon

(a) Rectangular block (b) Semi-circular block (c) Prism
Fig.14.8: Experiment for refraction of light




Method of Experiment
Place the rectan
paper and obs Seasibiat s
- Draw a straight Ime at one edge where the | fotalinterna
light will enter. ' =
. Draw a normal (a straight perpendicular line) at the point where light will hit the
block.
+ Shine the laser light at an angle on the block along the drawn line.

Experiment to study Total Internal Reﬂecﬁon

Aim of the Experiment
To study how total internal reflection of light
occurs using a semi-circular glass block

(Fig. 14.9). @ A
Materials Needed Q
Light ray, protractor, er, and a 3"’?
semi-circular ass) bloclc

Figure 14.9 (a) demonstrates the refraction, while Flg 14.9 (b) and Fig. 149 (0
illustrate the critical angle and total internal reflection respectively.

i<C i=C : i>C

(a) Refraction (b) The cri(ﬁ)cal le W@E@@
148 VELITTTR %m”eﬂemon




efficiently over long distances. Thega
industry due to their high
An optical fibre consists

main parts: the core and the cladding. The core
is the inner part that carries the lightand is made
of a material with a higher refractive index.
Surreunding the core is the cladding, which has Outer jacket Coating
a lower refractive index and helps in total Fig. 14.10: Structure of optical fibre
internal reflection. When light enters one end of '

the core, it hits the core-cladding boundary at an angle greater than the critical angle,
causing it to reflect back into the core (Fig. 14.11). This repeated reflection allows light to
travel long distances with minimal energy loss,

Optical Fibre Transmission a @@@ |

Input
signal f

. —
W Cladding . Buffer

Fig. 14.11: Transmission of information through optical fibre




Advantages of Optlcal FlbeS
Optical fibres are used in‘2 ‘ ‘2‘{
modern telecomm .Q t\«‘ pared to t adltlonal copper cables, optical fibres
offer several
High Bandwidth

Optical fibres can carry a much larger amount of data than copper wires. Bandwidth

means how much data can be sent over a

network per second. In today's world, where why can we use optical fibres to send
we need fast internet, optical fibres are the data around bends and corners without

best choice because they support high-speed ~ Mueh1oss?

data transfer. St For Your “Information - -
Low Power Consumption 3

They use less power than copper cables. Also,
because they last longer and are more
durable, they reduce the cost of repairs epd =

maintenance. @ ,
Faster Speed (‘i \&& \ |
They send da ig Ises, which

travel extrem almost at the speed of
light. This allows data to move quickly from 1§
one place to another, faster than electrical =
signals in copper wires.

Long Distance Transmission

Optical fibres can carry data across very long
distances without losing signal quality. This §
makes them ideal for use in undersea cables &
and connections between continents. |
Resistance to Electrical Interference
Since optical fibres use light instead of.}
electricity, they are not affected by electrical _
noise or interference. This is a big ad a :, : 5, Which often face
signal problems due to eleg% \‘a
14.4 Thm Ienqr-'; * %

]




=

4 o T ‘-..-"

Types of Lenses .

% Double Pla Concavo-
Lenses are classified based on how they bend SRR G

light rays. A convex lens, also known as a Fig. 14.12: Convex lenses
converging lens, brings parallel light rays /
together at a point. It is thicker in the centre
and thinner at the edges (Fig. 14.12). On the
other hand, a concave lens, also called 2
diverging lens, causes pafa‘ﬂel light rays to
spread out. This lens is thinner in the centre

and thicker at the edges (Fig. 14.13). %‘B

Important Terms Mﬂ%
To un'dmarw rm images, it is

important td'Yearn some basic terms as
illustrated in Fig. 14.14.

Focal Length @
The focal length () is the distance from the opticat B 13
iens (optical centre) to the principal focus, ’”":'Pa' centre ~t .3

where light rays either meet (converge) or
appear to spread out (diverge).

1. In converging lenses, focal length is
positive and the rays meet at a point after

passing through the lens. Fig. 14.14: K @ﬁ?@

2. In diverging lenses, focal length is negatl a-and rays sSee out from a
virtual point on the same snde of the . wiree

Principal Axis m
This is a straight, imag -. at passes through the centre of the lens. Light rays
that travel .“’] e incipal axis do not bend or change direction when passing
through the lens.

4
Principal
focus




Principal Focus (Focal Point e ﬂ“

The principal focus is the p swhere light rays that are parallel to

the principal axis com i erging lenses) or appear to come from (in
(8]

diverging Eensxa")lc |

1. For a converging lens, the focus is on the opposite side of the incoming rays.

2. For a diverging lens, the focus is on the same side as the incoming rays and
appears to be behind the lens.

Optical Centre

The optical centre is the geometrical middle point of the lens through which the
principal axis passes. Light passing through this point does not bend. It is usually
marked as O.

Centre of Curvature

Lenses are made from parts of a sphere. The centre of this imaginary sphere is
called the center of curvature. It is generally located at twice the focal length from
the lens. :

N ok

The relationship between the focal lepgth(, @ aid image distance
g for both lenses and mirrgs§ | @ s/mirror formula as:

e (14.8)

Action of Lenses on Parallel Rays -
When a set of parallel light rays pass through a lens, they refract and show specific
patterns based on the lens type. Depending on how they interact with the rays,
lenses are grouped into converging and diverging lenses.

Refraction and Convergence for Convex lens

As the rays enter the lens, they bend towards the principal axis due to refraction.
This bending takes place because of the lens's curved surfaces and its refractive
index. After passing through the lens, all the rays meet at a common point on the
principal axis this is known as the focal point.
Formation of Image

The type of image formed depends
distance from the lens. Generally, < '
forms a real and inverted i %m ftheobj
very close to th dkAage can be virtual and .
upright. Convex lens

The ray behaviour for a converging lens is shown in Fig. 14.15: Action of convex
Fig. 14.15. lens on parallel rays

on the objed
e ) les




The rays are bent away frg

they originate from a u‘\ 1€ lens, the virtual focus. This is a result of
< - #ved surface of the lens.

In a diverging lens, the rays do not actually meet at a )
~ Point. Instead, when extended backward, they appear e W
to spread out from a common point on the same side of  2F - F - <
the lens. This is called a virtual focal point. '

Formation of Image

: . : { : c }
When an object is placed far from a diverging lens (at ~Fisgien ‘_"_5 f
infinity), the image formed is virtual, upright, and Fig. 14.16: Action o |
. concave lens on parallal rays
smaller than the actual object.

This behaviour of diverging lenses is illustrated in Fig.14.16.

Power of aLens
power of a lens. 3
Itis given by the

: cessmssrssosesess (14.9)
The SI unit of power is diopter (D), where
1D =1 m™ A convexlens has a positive focal
length, so its power is positive.

A concave lens has a negative focal length, so
its power is negative. Lenses with higher
power bend light more strongly, and this
concept is important in eyeglasses, microscopes, and optical instruments,

» e -
= zs 2 - . | 8
! _.r 4: Aco fo th cm. Find

.
Tl




Unlike mirrors, whi
refraction. Th can be understood using ray diagrams.

Rules for Image Formation

For a convex lens, image formation follows three rules (Fig. 14.17).

1. A ray parallel to the principal axis passes through the focal point F after refraction
from the lens (ray-1).

2. A ray passing through the optical .
centre of the lens continues straight
without bending (ray -2).

3. A ray passing through the focal point
after refraction from the lens, becomes
parallel to the principal axis (ray-3).

By tracing these rays, we can determine

Fig. 14.17: Image formation by a convex lens

@©m

image formation by a convex lens for
different positions is described in Table 14.2.

ofRnIlmagobynCon {‘\ @@

ed beyond 2F. As
appears on W _ ‘
the lens from\WHere the object is

located.




ig.len
hproin Teaser g
: ould be placed Why is the image in a plane mirror considered
- Iength of the lens as virtual, eventhough it looks real?

illustrated in Fig. 14.19. In this arrangement,

the image appears on the same side of the
lens as the object. It is upright, larger in size, Y mese
and cannot be projected onto a screen, as it is F Object
virtual. Such an image is visible only when
viewed through the lens. This principle is used o

in magnifying glasses. Fig. 14.1%: Virtua! image
formation by 3 converging lens

L«-ﬁerence between reai and wrtual smages

Linear Magnification
Linear magnification is the ratio of the height (or length) of the image to
the height (or length) of the object.

It indicates how much larger or smaller the image is compared to the object

Linear magnification = in_')age gt - Do You Know? -
Object Height T

or M=h/h,. . (14.10) Facts Alwut Magnlfvlng Glass
Steps to Caiculate Linear Magnlﬁcatlon Did you know that i vm e
‘ Cri.is
1. Measure the height of the object h,. :
2. Measure the height of the i
3 Use the formula




Now we discuss applications of lenses in
some optical devices such as magnifying

glass, camera, slide projector and N o

photograph enlarger. Principal
1. The Magnifying Glass axis’

A magnifying glass is a conva d‘
(converging) lens used to reake M o

: dge formation
by magnifying glass

appear larger. W- g
closertothelen its focal length (p < f), the refracted light rays do not meet

but appear to come from a point behind the lens. This creates a virtual, upright,
and magnified image, which cannot be projected on a screen (Fig. 14.20). This

simple use of a convex lens is also known as a simple microscope.
2.Camera

A camera consists of a light-proof box with a convex lens at the front and a light-
sensitive film or sensor at the back. The lens focuses light onto the film to capture
an image. In a simple camera, the lens-film

distance is fixed and equal to the focal length T‘%

of the lens. The object is placed beyond 2F, e i

forming a real, inverted, and smallef, @@@

(diminished) image on the film (Fig. 1 “

3. Slide Projector éﬂ%
O

A slide projedorMojecting an enlarged image of a siiae or film onto a
screen (Fig. 14.22-a). It consists of: A light source at the centre of a concave mirror,

which reflects light as parallel rays.

Fig. 14.21: Image formation by camera




A condenser lens system (two

o7 o
across the slide. A %Wo

nvex !ens) that creates a real, large, and
inverted im e n. To ensure the image appears correctly, the slide must
be platm»\m because the projection lens inverts the i image. The slide is
positioned between F and 2F to form a real, magnified, and inverted image on the
screen (Fig.14.22-b).

Strorage compartment

11777

Concave mirror  gjide

1 Light source l

77N l ) ( i

5 | |

Objective lens cﬂﬂdenser Ln C . m
'O

'
|

Remote control

Levelling-adjustment fo

(a) “@ {b}
Fig, 1 quﬂor (b} Ray diagram of slide projector
4. Phomwm

A photograph enlarger works similarly to a P
slide projector but is used to enlarge
photographic negatives onto photographic
paper (Fig. 14.23). The negative (object) is
placed between F and 2F, forming a real,
inverted, and enlarged image on the paper.
The convex lens ensures that the final i image - >~———
is magnified, allowing small negatives to be  Fig. 14.23: Diagram of photograph enlarger

printed as large photographs. These optical devices use convex lenses to

manipulate light, forming images that are magnified, r ceg(;@ jected for
various practicalapplrcattons 0o

14.6 ’Image Farmatlon ina Mmmanl Ey e

Condenser lenses

In a healthy eye, ligh
through
directly onto the retina, forming a sharp and
clear image. As shown in Fig. 14.24, rays from

Fig. 14.24: Image formation by eye
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Short-Sightedness (Myopia) and Its Correction

The closest distance from the eye where we can see things clearly is called near
point. For a normal person, it is about 25 cm.

Short-sightedness is a condition where a person can clearly see nearby objects
but struggles to see distant ones.

This occurs when the eye lens bends light

rays too strongly, causing the image to
form in front of the retina instead of on it

Concave lens

(Fig. 14.25-a). As a result, distant objects (o) Myopi - @O ]
look blurry. To correct this, concave len %@m
< ort-sig!

i htedness or myopia
are used in glasses or cont

concave lens sprea ays before they enter the eye, helping the eye's
them correctly on the retina (Fig. 14.25-b).

Causes of Short-Sightedness (Myopia)

There are two main causes of éhort-sig htedness:

1. Lens too strong: The eye lens becomes too curved, focusing light in front of the
2. Eyeball too large: The distance between the cornea and retina increases, so the
focused image falls short of the retina.

Long-Sightedness (Hypermetropia) and Its Correction

In a normal eye, light rays from nearby objects focus directly on the reti ' @:\ﬁting
see distant

objects clearly, but nearby ow rh penwhen theeyelensis

too weak or the eyeball ) e light rays from near objects are not bent
enough. As a result, therays focus behind the retina instead of on it (Fig. 14.26-b).

a clear image (Fig. 14.26-a). However, in Ion%-si 1

To correct this, convex lenses are used in glasses or contact lenses. A convex lens




bends the light rays more fore
the eye, helping them fo - :
retlna (Fig. W (a) Far point

Causes of Long-Sightedness

There are two main causes; N N = il
1. Lens too weak: The lens does not bend @@ L
the light rays enough. (b) long sighted eye
2. Eyeball too small: The retina is too close
to the lens.

In both cases, the image is formed behind

@z

N saptgsandnarnis i
...-:v.;gz'_: s :

the retina, making close-up vision blurry.

gravitational field of a massive object, like a

black hole or galaxy, bends the path of light

travelling near it. Just like an optical lens [ SRSV
leshensd petkny ubpie

bends and focuses light, a massive celestial y
body acts as a “gravitational lens”, altering i
the path of light from a distant object such as
a star or galaxy. This effect can cause the
distant object to appear magpnified, distorted, Fig.14.27: Diagram ,,;E avitational lens
or even duplicated, creating multiple i images Flg 14.27). G
valuable tool in astronomy. It helps sc:e@l

" [LUSTOTES | (5 F BT

[EITE Y

g is a
fies dark matter,
and the structure of the unw o jects that are otherwise

Acoustlc lenses are speaal dewces designed to focus or spread sound waves,
similar to how optical lenses control light. These lenses are made from materials




==

with dsfferent acoustic pro ertles
shaped to redirect and f
They can co mto a narrow
beam or sp ead it over a wider area,
tm:prowng sound. cl,anty artd control
(Fig 14.28). These lenses can focus sound to
a specn‘" ic point (like a microphone or sensor), or diverge sound to spread it over a
wider area.
Acoustic lenses are widely used in:
1. Medical imaging (e.g., ultrasound) to improve scanning accuracy.
2. SONAR systems to detect underwater objects.
3. Noise control to focus or reduce sound in specific areas.

mf wave

Fig. 14.28: Diagram of acoustic lens

an important role in

bect typ:ca!ly made of glass with triangular and rectangular

sides. It bends Ilght passing through it due to refraction. Since visible light consists
of a range of wavelengths, and refraction depends on wavelength, different
wavelengths bend at different angles, causing dispersion.

The splitting ofwhitelightintoltssmncomﬂwmooloulsmm
through a prism is called dispersion of light.

When white light enters a prism, it slows down and bends toward the normal. Each
colour has a unique wavelength, and as light travels through the prism, each
wavelength refracts at a different angle.
Shorter wavelengths (violet, blue) bend
more than longer wavelengths (red,

prism separates into seven distin

red, orange, yellow, ar (@ ' i‘ b Qo
violet forming the ﬁ@ ié o i

(Fig. 14.29)

Fig. 14. 29: Dispersion of light by prism
Beyond the visible spectrum, prisms can also




disperse infrared (IR) and ultraviolet
invisible to the human “ gl fdetection methods, such as infrared

thermometers with se g& 0 measure these wavelengths.
infrared m.«wﬁ@

These devices detect IR radiation emitted by
objects, which correlates with their
temperature. When dispersed light from a
prism reaches an IR thermometer, it can
measure both visible and infrared light. By
analyzing the intensity of IR radiation, the &
thermometer determines the temperature e b
of the emitting object. This technology Fig. 14. 30: Infrared thermometer
allows for non-contact temperature measurement, such as checking human body
temperature (Fig. 14.30).

@W@o@'@m
|A. Multiple Coice Que.s:im;;s.‘ z _

Tick (¥) the corpeRpWer.
141 Whattype ofimageis always formed by a convex mirror?
(a) Real and inverted (b) Virtual and diminished

(c) Real and magnified (d) Virtual and magnified
142 The optical device which uses a convex lens to magnify an object by creating
avirtual image:

(a) camera (b) microscope
(c) magnifying glass (d) slide projector

143 Which statement best describes the phenomenon of total internal
reflection?

(a) Light bends when it enters a new medium
(b) Light is completely reflected at the boundary of two media m
(c) Light slows down as it enters a denser medium <\ (€

(d) Light passes through a medium wi@\ 3

144 Arayoflight travelling from w % @&
(a) toward the normal O%%@

(b) away from th
(c) at 90° M
(d) parallel'to the normal




145

146

147

The optical device which works\a

projection is: Q
(2) magnifyin A ograph Enlarger
(c)slide (d) plane mirror

What happens to light when it enters an optical fibre?

(a)Itis absorbed by the fibre

(b) It undergoes total internal reflection

(c) It gets refracted at every point

(d) It travels in a straight line without deviation

Which of the following phenomenom explains why a pencil appears bent
when partially immersed in water?

(a) Reflection (b) Diffraction (c) Refraction (d) Interference

B. Short Answer Questions .

141
142
143
144
145
146

141

14.2

143

144

145

C. Constructed Response Questions

What is the principle be

Describe bri 3 Copuext
Howd r of a lens relate to its focal length?
Write Snell's law and define the terms used in the equation.

When a pencil is partially dipped in water, it appears bent or broken. What
principle of light explains this phenomenon, and how does it relate to
changes in speed?

Why can a prism separate white light into its component colours while a

plane glass slab cannot, even though both cause refraction?

Why does light undergo total internal reflection when travelling from

water to air at a certain angle but not the other way aro

? @0
Optical fibres use total internal reflection fc 1‘ %0@@“ What
would happen if the clad @Uu‘

in e index than the core,
and why? @
A person use ass to read small print. What must be the
relatlon een the object distance and the focal length of the lens

forthe image to be upright and magnified?



14.1
142
143

144
145

141

14.2

143

144

14.5

146

14.7

148

149

E. Num

the object]

Explain t mal, angle of incidence and angle of reflection in the -

cont treflection. Provide a diagram to illustrate these terms.

Define the terms critical angle and total internal reflection. Explain the
conditions required for total internal reflection to occur.

Derive the equation; (n =1 / sin C) for the refractive index in terms of the
critical angle C. Include all steps and assumptions.

Describe the structure of an optical fibre. Write its any two advantages.
What is long-sightedness? Discuss its causes.

crical Problems =

The speed of light in water is 2.25 x 10° m s.™" Calculate the refractive
index of water. :
@3

A light ray in air (n,=1.0) strikes a glass surface (n,= t

incidence 30°. Find the angle of refra ' [As: 19.57)
A beam of light in air hits a lass i e angle of 40°Find the
= 5 52

angle of refraction i [Ans: 25°]

A ray of light I .3}11- afr nto an unknown liquid. The angle of incidence
in airW&Wfﬁe angle of refraction in the liquid is 30°.Calculate the
refractive index of the liquid. [Ans: 1.41]
A ray of light passes from air into a liquid. The angle of incidence in air is 50°,
and the angle of refraction inside the liquid is 32°.The speed of sound in air is
340 m s~ and in the same liquid is 1500 m s~'.Calculate:(a) the refractive
index of the liquid(b) the speed of light in the liquid.
[Ans: (a) 1.45,(b) 2.08x10° ms™]

Light travels inside a glass block of refractive index n = 1.6. It strikes the
glass—air boundary. Calculate the critical angle for total internal reflection.

[Ans: 38.68°]

An object is placed 15.0 cm in front of a convex mirror, forming a virtual

image 7.5 cm behind the mirror. What is the focal length of %@ ?
a & : -15cm]
cave

An object 30 cm tall is located 105 ¢ \‘.i“ mirror with focal
length 16 cm. (a) Wﬁ@ ated? (b) How high is it?
cm

: [Ans: (@) -30.6 cm (b) 87.3 cm]
An object i to the left of a concave lens with focal length
-15¢ e image distance and describe the image.

[Ans: -30 cm, image is virtual and upright formed on the same side of




