After studying this chapter, students will he able to: :
define and use the terms normal, angle of incidence, and angle of reflection. @
cal image

describe an experiment to find the position and char
formed by a plane mirror (same size, sapqe dista ct, and virtual).
use the law of reflection t ' % 5

apply the qualitative grj awave refracts towards the normal when it slows |
il &dium and that it refracts away from the normal if it speeds up |

new medium (in the case the angle of incidence is zero, then the waves

continue parailel to the normal).

define and use the refractive index from vacuum to a medium for light as ¢/v.

define refractiveindexnas; n =sini/sinr. Apply Snell'slaw; 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 Cand total internal reflection.

derive the equation;n=1/sinC.

apply the equation; n = 1/sin Cto solve simple problems. ‘ : e
describe experiments to show internal reflection and total interna ti@@“@

evaluate and iliustrate the use of optical fjbres gmmunications, :
stating the advantages of their use in edch c7 Q :

O 3
analyze the action of thi % ‘g 4-ard
Iight WW o]

thin diverging lenses on a parallel beam of |




define and use the temﬂﬁm Fingi , and principal focus (focal point).
draw ray ng& the formation of real and virtual images of an object by 2
convergi ns.

differentiate between real and virtual images.

| ,define and calculate linear magpnification (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 a 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 [including the %@@mpectra
by a thermometer]. m @ :

draw ray diagrams to sh mages in the normal eye, a short-sighted eye,

and a longsi J O

describe 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 1.




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 i Iore I mirrors,

bends (refracts) when passmg thro and how lenses shape
~ light to form images. K ngles of incidence, reflection, and
refraction, aWG 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 scientific and industrial technologies.

14.1 Reflection of Light

Reflection of light takes place when light hits Normal

: incident ray ; Reflacted ray
a surface and bounces back instead of p ‘N .
passing through it. This usually occurs on \} e S )//
smooth and shiny surfaces, such as mirrors. nehloscy -~
The angle at which light strikes the surface \‘\ - \[

(angle of incidence) is always equal to the ﬂ%’ o

angle at which it reflects (angie of refl @@ R e
(Fig. 14.1). K - |
There are tw Fig. 14.1: Reflection of light

R‘egular/S eflectlon It takes place on smooth surfaces (iike 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 clearimage is seen. '

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

Laws of Reﬂectlon
The reflection of light follows two basic laws: &5k ,

First Law: The incident ray, the reflected ray, O ,.”_Do You Know? e
and the normal (a line drawn perpendicular :
to the surface at the point of reﬂectrong)all fi

al tafhie\s ! reﬁectlon (r) Ramiler /SeNcular

Tvpes of Refle




*Ac”Mty 14.): i-lﬁd:h{; the Image Positionina Plane Mirror

Materials Needed: A plane mirror, an object,

object, soitis clearly visible (Fi
Q

Lr
m% i&@; h as mirrors and water, and help us to
f 6 ck to form images. -

. H - e - P g e e g e i -

Objective: To observe and understand the position and characteristics of the image
formed by a plane mirror.

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

. \ § g; }Oon by a plane mirror
|

Look at the mirror and ob ght reflecting from the object. When
frror and reach the observer's eye, they appear to be

two rays refleW\ : :
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.

There are four properties of an image formed by a plane mirror:
1. Theimage is erect —It appears upright, just like the object.

2 The image is of the same size — The size

AR 2 AR R

of the image is exactly equal to the size of the
object.It can be written as: d=d, % -
3 The image is laterally lnverte @

left and right sides of

- 3 . Fig. 14.3: Letter 'D’ showin
reversed in the im Q ig. 14.3. - s
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.

Mirror
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Angle of
3 incidence,

direction as it passes from one medium to ' <P Rarer medium
another, such as from air to water or glass : ot N Hasceossa
(Fig. 14.4). This happens because light travels ' ang
at different speeds in different materials. o e
When light moves from a rarer medium (air) Reiracted ray
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 everyday pheno e 2 asa
pencil appearing bent in water, the worklreg E& @ eras and
the formation of rainbows. _

Laws of Refractlon of Lighty

The bending ‘V' RL) Orfract:on follows two essential principles:
1 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.
R (14.2)
sinr :

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 Light in a Medium
The speed of light varies de%andln

gh WhICh it travels In
X 108 m s". However, when light
“water, or glass, it slows down due to interactions

vacuum, light moves at its
passes through

with medlum itles. 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




|

Itis define

light in the given mediumy:

RefractiveIndex »
The refractive index n of a medium i IS @ measure of how much the speed of light
changes when it enters that medium. '

It is defined as the ratio of the speed of  M¢em
ﬁghtinaiforvammmﬂwspeedof

Speed of light in air
Speed of light in a medium

.......... (14. 3)
12. 14.5: Refraction of light at a2 boundary
@ between two media

Figure 14.5 j| a light ray changes direction when passing from

medium-1 h refractive index n and speed ¢;) to medium- 2 (with refractive

index n, and speed Cz). The angles 8, (angle of incidence) and 8. (angle of

refraction) demonstrate how the light bends according to Snell's law due to the
difference in refractive indices.

‘Refractive index =




Hence, the angle of refraction is 28. 9" '

Example 14.2: The refracuve mdex of water is 1 33 What is the speed of hght in
water?

Solution:
Given that;
Refractive index Qf water n 1 33 el
- Speed of light i mvacuumc =3 % 10°ms"
To find; : ' Speed of light in water e ? et - e
Using the form‘ula. S -.-rclsv--_;;;;.-% e a c.ﬁ@

or v=e/n g (

Substttutlng thevaiues m
e % (3 Mmool 33

'f'v 226>c10°ms

Poug TEREDAE: MﬁﬁW@o@@

Quantity WMM\\@ \Jthen INegative (-)
Ty -

Object distance N I%;M Virtual object

Image disw Real Image Virtual image

Focal length f Concave mirror Convex mirror

68



A prism is a tran N
least tw plane 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); T 98 o

Inside the prism, the ray makes an angle of W@(}@@K@

refraction' r before reaching the sac @
surface at point F. As it &xi t@ﬁ% 2in, forming an emergent ray (FS)

at an angle e. The eme | Is not parallel to the incident ray (PE) but is
_ gle D, known as the angle of deviation. This bending
effect of lig hrough a prism is widely used in optical instruments, spectrometry,
and light dispersion experiments. '

Fig. 14.6: Refraction through
a triangular giass prism

en'_-a light ray is incident at a ary 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

inFig.14.7(a).

NN ) ol R




the angle of inW .‘, \#he greater the angle of refraction becomes. At a
particular angl refracted ray no longer enters the second medium but travels

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

The angle of incidence for which the angle of refraction is 90" is called the
critical angle. ' - i =
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).

Derivation of the formula for Total §
To derive a formula for tota

W FE=rasing .. (14.4) ;
When total il reflection occurs, the refracted angle becomes 90°. So, the

equation becomes:

ny sin i = n,, because sin (90°) = 1




Now, if i’ is the critical a r‘\ a.be oThe .
- % “‘ .................. (14.5)
To find the W C, we rearrange it as;

C=sin'2/n) (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 first material (denser medium)
can be found as: : _ '
=3 PERe - (14.7)
This relation only holds true if the light is

ving
refractive index n into air. R O“ @

Experiment to Study :
To understand how. Jigh (refracts) when it passes through different

o
transparent » We 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. |

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

e

deviation

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




Method of Experiment

Place the recta W

paper and obs its resuit.

+ Draw a straight line at one edge where the |
light will enter. =

» Drawanormal (a straight perpendicular line) at the point where light W||l hit the

block.
+ Shine the laser light at an angle on the block aleng the drawn line.

Experiment to study Total Internal Reﬂectlon

Aim of the Experiment

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

(Fig. 14.9).
Materials Needed Q Bt &
Light ray, protractor M anda air?
semi-circular ass) block. |

Figure 14.9 (a) demenstrates the refraction, while Fig 149 (b) and Fig. 14.9 ()
illustrate the critical angle and total internal reflection respectwely.

i<C i=C : i>C

N\

RO

(a) Refraction (b) The critical apgle

Fig. 14% ne ‘.g ¢ % reﬂeg:*aon




Optlcaf flbres use the prmCIple of Total In
efﬁcnently over long distances. Th @
industry due to their high m

An optical fibre consi
made of
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.
Surrounding the core is the cladding, which has

a lower refractive index and helps in total
internal reflection. When light enters one end of

ir-like strands

Outer jacket Coating
Fig. 14.10: Structure of optical fibre

the core, it hits the core- -cladding boundary atan angle greater than the critical angle,
causing it to reflect back into the core (Fig. 14.11). This repeated reflection allows lightto

travel long distances with minimal energy loss.

Optical Fibre Transmissi@ @@m

Input
signal

N e
Cladding

Fig. 14.11: Transmission of information through optical fibre

Output
signal

Buffer




Optical fibres are used in

modern telecommi icat
offer several its:

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
much loss?

best choice because they support high-speed
data transfer. © “forYourinformation . -
Low Power Consumption | '
They use less power than copper cables. Also,
because they last longer and are more
durable, they reduce the cost of repairs e?d B
maintenance. q ;

Faster Speed Om

They send de&\ Ises, which
travel extremal\fast-almost at the speed of
light. This allows data to move quickly from
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 a ge

signal problems due to eleg

14.4 Thin lenses (BN

. NNIAVA A : e -
A lens is a trahsparent material with two surfaces, at least one of which is curved. It
bends (refracts) light in a way that forms an image of an object. Lenses come in




prsas IR ULt RS R o,

Types of Lenses
Lenses are classified based on how they bend — it — ,

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

\!

|

g

|\ S
b

diverging lens, causes parallel light rays to | e —

spread out. This lens is thinner in the centre = 'T@@,@

and thicker at the edges (Fig. 14.13).. O @@ .13: Concave lenses
‘ o \K“ ;

Important Terms %@

To understaWék orm images, it is

important t arn some basic terms as
illustrated in Fig. 14.14.

Focal Length

The focal length ( f) is the distance from the

lens (optical centre) to the principal focus, P’:‘;‘:’"
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: Ke ter@@ﬁ’(ﬂg
2. In diverging lenses, focal length is negative-and ‘ ad out from a

virtual point on the same side of the ngiz%
®)

Principal Axis

This is a straight, ima qv%“, at passes through the centre of the lens. Light rays
that travel .sj“:N, ncipal axis do not bend or change direction when passing
through the lens.




Principal Focus (Focal Point C‘l “

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

the principal axis com [ verging lenses) or appear to come from (in
(®)

diverging len |

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. :

Lens and Mirror Formula

The relationship between the focal lepgth(, @Wa@g image distance
5

g for both lenses and mirrgs§ | mirror formula as:

- S — (14.8)

g :
This f\.mdanw&n helps determine the position and nature of the
image formed by a given optical system. :

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

very close to tt :
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



Refraction and Divergence of Cc
The rays are bent away frg
they originate from a po

In a diverging lens, the rays do not actually meet at a
point. Instead, when extended backward, they appear
to spread out from a common point on the same side of
the lens. This is called a virtual focal point.

Formation of image : X :
3 oncave jens
When an object is placed far from a diverging lens (at Siheet o
infinity), the image formed is virtual, upright, and S Afae: Action S
s concave lens on parallel rays
smaller than the actual object.
This behaviour of diverging lenses is illustrated in Fig.14.16. ©m

Powerofalens &

power of a lens. “ ,
Itis given by the o ; The *hicken-ter bends the Hght mor
has: a s POWER than the
P i (14.9) | ot i eyegiosses mi

The SI unit of power is diopter (D), where
1D = 1 m™. A convex lens 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.

SiEsmasse ;




Unlike mirrors, whi | 1 i e ogh reflection, lenses create images through
refraction. Thwm be understood using ray diagrams.

Rules for Image Formation

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

1. Aray 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
where and how an image is formec
depend on where the ob ,
important in devices li )a% S
glasses, mic d eyeglasses. The .
image formation by a convex lens for e
different positions is described in Table 14.2.

ature of the i image
0 the lens. These pnncnples are

Tidbit

Fonmt:onofRnllmagebyaConvergm \ “‘ .
u@ aced beyond 2F. As

illustrated in Fig. 14. 18 th A Convex lens
Reel image  principal

appears on the : diminished) o
the lens from ere the object is Object . o g
located.




Formation of a Virtual Imageb

For a convex lens to
virtual image, t ould be placed Why is the image in a plane mirror considered
within th length of the lens as virtual, even though 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 3
virtual. Such an image is visible only when
viewed through the lens. This principle is used
: Observer

in magnifying glasses. Fig. 14.1%: Virtual image

= = = formation 'g-.tl 3 r'x"—“,p—uFr' !
Lifference between real and virtual images . ' g e

A Convex lens

tha height (or length) of the object.

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

Image Height s

Object Height
or M=h/h,

Steps to Caiculate Linear Magnification o you know that if your_ejes

1. Measure the height of the object h,.

2. Measure the height of the i “
3 Use the formula .

Linear magnification =




Now we discuss applications of lenses in

some optical devices such as magnifying

glass, camera, slide projector and “imag

photograph enlarger.
1. The Magnifying Glass

Principal

(converging) lens used to

appear larger. W. ;
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 s 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 'f\ |
of the lens. The object is placed beyond 2F, oL; e

forming a real, inverted, and smallef, Y

(diminished) image on the film g e
“ Fig. 14.21: image formation by camera
(e}

3. Slide Projector .
A slide projedorwmqeding 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.




A condenser lens system (two

|
across the slide. A i monvex lens) that creates a real, large, and
n. To ensure the image appears correctly, the slide must

inverted im )
be place e down because the projection lens inverts the 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

NN !H_,’,f/,?.- .
Concave mirror  gjide
3 3 l Light source l

S NN l : e

( Screen —p

Manual focusigg

T

. Y
. s B ' Objective lens Condenser len ec@m
Remote control " 0O ¥ ;
(a) Levelling-adjustment foo (b) :
Q
Fig. 1 % i ojector (b} Ray diagram of slide projector
O
owmmr

&

4. Phot

A photograph enlarger works similarly to a e =

slide projector but is used to enlarge s - [
photographic negatives onto photographic Fm lens N\,

paper (Fig. 14.23). The negative (object) is é{
placed between F and 2F, forming a real,

inverted, and enlarged image on the paper.
The convex lens ensures that the final 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, re ceé@meded for
various practical applications. = o

14.6 Image Formation in a Normiai Eye |
In a healthy eye, ligh “ ,
through d lens, and are focused
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




the top and bottom of the ob&a
us to see a clear image. Thls orog -!‘

\N\N
‘.Shqr_t-Sighteﬁ\iﬂss,(Myopia)_a_nd.ItS,_Cor_re.ctionL.
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 ™

(Fig. 14.25-a). As a result, distant objects (a) Myopi

look blurry. To correct this, concave |ens rt
O

Concave lens

-sightedness or myopia
are used in glasses or cont

concave lens sprea @efore they enter the eye, helping the eye's
natural lens to f them correctly on the retina (Fig. 14.25-b).

Causes of Short-Sightedness (Myopia)

There are two main causes of short-sightedness:

1. Lens too strong: Theeyelens becomes too curved, focusing light in front of the
retina. » |

2 Eyeball too Iarge The dlstance between the cornea and retina increases, so the
focused i 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 retu@mtmg

a clear image (Fig. 14.26-a). However, in |0n%SI see distant
objects clearly, but nearby o ens when the eyelensis
too weak or the eyeball me light rays from near objects are not bent

enough. As a rewwgﬁ;}ocus behind the retina instead of on it (Fig. 14.26-b).

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




bends the hght rays more b fore h
the eye, helplng them fo

retina (Flg

(a) Far point

Causes of Long-Sightedness

There are two main causes: N N e
1. Lens too weak: The lens does not bend @& @00 Ll
the |Ight rays enoug h. (b) long sighted eye

2. Eyeball too small: The retina is too close
to the lens. S Mool s
In both cases, the image is formed behind

the retina, making close-up vision blurry.

grav:tatlonal field of a massive object, like a
black hole or galaxy, bends the path of light _
travelling near it. Just like an optical lens iy (&‘*X’t"i‘z’:j&&mmm
bends and focuses light, a massive celestial
body acts as a "gravitational lens", altering
the path of light from a distant object such as
a star or galaxy. This effect can cause the
distant object to appear magnified, distorted,  Fig.14.27: Diagram of gravitati w: S
or even duplicated, creating multiple i |mages (F|g 14.27). G

valuable tool in astronomy It helps sae

" (1) SPSPTC | e

(e

g is a
)?ies dark matter,

o Jects that are otherwise

Acoustlc lenses are spec;al devices designed to focus or spread sound waves,
similar to how optical lenses control light. These lenses are made from materials




with different acoustic pro erties
shaped to redirect and fofg
They can co

beam or sp ead it over a wider area,
tmprovmg soundrdanty and control
(Fig 14 28) These lenses can foéuséound to

Into a narrow

() : (b)
Fig. 14.28: Diagram of acoustic lens

a specf ic point (like a microphone or sensor), or diverge sound to spread it over a
wider area.
Aioustic 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.
@Df wave

D

manipulation apply to both lighthangh st u
astronomy, medlcme anctt ““ﬁg\(‘

an important role in

A prlsm is anoptica bject typlcally 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, causmg dispersion.

The splitting of white light into its seven constituent colours Mnn passing
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, gr m
violet forming the ﬁﬁ ;;’ ectrum

(Fig.14.29)

Fig. 14. 29: Dispersion of light by prism
Beyond the visible spectrum, prisms can also
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iIon methods, such as infrared

disperse infrared (IR) and ultraviolet
invisible to the human
thermometers with se
Infrared —_
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 RS T
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). @@m
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141  What tyf image is 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:

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

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

(@) Light bends when it enters a new medium
(b) Light is completely reflected at the boundary of two media

(c) Light slows down as it enters a denser medium @@@m
(d) Light passes through a medium witho }ﬁ 1
144 Arayoflight travelling frﬁn W?% ‘&

(a) toward the normal ©

(b) away from th
(c) at90° ﬁ@@ f@mf
(d) parallelto the normal




145

146

147

141
142
143
144
145
146

The optical device which works\q

projectionis: Q
(a) magnifyin b ograph Enlarger
(c) slide (d) plane mirror

What happens to light when it enters an optical fibre?

(a) It is absorbed by the fibre

(b) It undergoes total internal reflection

(o) 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_.__*Sl)aor_rt Answer Questiqqsmj* =

What is the principle Yol

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

C. Constructed Response Questions

141

14.2

143

144

145

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 otherway around? @

Optical fibres use total internal reflectio 0@9 on. What

would happen if the cladding % ndex than the core,
Q

and why?
A person use ghifyi ass to read small print. What must be the
relation een the object distance and the focal length of the lens

forthe image to be upright and magnified?



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.

14.3

144

145

146

147

148

149

The speed of light in water is 2.25 x 10® m s.” Calculate the refractive

index of water. [Ans; 1.33]
A light ray in air (n,=1.0) strikes a glass surface (n,= L@m“ of
incidence 30°. Find the angle of refra m S~ [Ans: 19.5°]

e angle of 40°.Find the
angle of refraction \ ASS> [Ans: 25°]
A ray of light I 0 air into an unknown liquid. The angle of incidence
in airwﬁe 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 m@@w
7\ dGhns. -15 em]
ave

An object 30 cm tall is located 10,5,¢ \i“ mirror with focal
length 16 cm. (a) W@ eis ated?(b) How high is it?

& [Ans: (a) -30.6 cm (b) 87.3 cm]
An obje cm 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

the object]
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