CHAPTER

Student's Learning Outcomes (S

fing-this chapter, students will be able to:
define and use the terms normal, angle of incidence, and angle of reflection.
describe an experiment to find the position and characteristics of an optical image
formed by a plane mirror (same size, same distance from mirror as object, and
virtual). :
use the law of reflection to solve simple optical problems.
apply the qualitative principle that a wave refracts towards the normal when it slows
down while entering a medium and that it refracts away from the normal if it speeds
up when it enters a 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 light as c/v.
define refractive index n as: n = sin i/sin r. Apply Snell's law; n = sin i/sin r, to solve
simple problems.

TN
describe an experiment to show refraction of light by transparent bl ]}ﬁ;ﬁf&mnt
ShﬁpES. e ) =5 1’_-‘..&"\\ j [:_(_.;{.!-}_l'::{_ﬁ #
define the terms critical angle mew‘ﬁpﬁﬁ{dﬁo&lb
derive the equation; n = }sin C,—\ //\ \| U\~

\
apply the equation; n =i h\s\&\&é}hﬁ;ﬂe problems.

describe experiments(to show-internal reflection and total internal reflection.
:valuﬂ@&ﬁw the use of optical fibres, particularly in telecommunications,

stating the‘advantages of their use in each context.

~ analyze the action of thin converging and thin diverging lenses on a parallel beam

of light. : ]

define and use the terms focal length, principal axis, and principal focus (focal

point).

draw ray diagrams to illustrate the formation of real and virtual images of an object

by a converging lens.

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 a lications
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(specifically in the case of a magnifying glass, a camerd. profe tok) \and a

. photographic enlarger). This includes dra 1 %ﬁx\ i {_t‘ofsﬁﬁ'ﬁuw each

forms an image. (A A (r RiRCRE!
explain the dispersion ;;;ﬂi&g;_bﬁé pi isH\[_ ifig the detection of non-visible
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’ draw ray diagrams to show the formation of tmag&s m the nfo_;qai\q’w a
short-sighted eye, and a long-sighted eye. NIZARCE

» describe the use of cunw:rgmg and mveﬂgmgiensi;s \b t:nfq‘ecﬂ !nrig-snghtedness and
short-sightedness. )\ AT

»  state that extreme gravi mnfm;ésrsteh& nbjects 1|I<e black holes can cause light to
bend (from the %Bﬁﬁh’é observer) in a way that is analogous to a simple

lens [Th[ﬁjﬁ]ithjfﬂzw avitational lensing].

Subjectfve Type Questions

/ Long Questions [JI't[][ITLu in the light gf new w Examination TP{hﬂqulf‘
(Knowledge, Understanding, upphcatmn Analytical & Conceptual]

X" |ntroduction ~ &
21. Define light. |

Ans. Light is a form of energy that travels in the form of waves and allows us to see the
world around us.

Reflection of light _ [ﬁﬁ-{ﬁ
02. What do you understand by reflection of ﬂgm TR :ii§g am-to illustrate
reflection at a plane mi \\ r-f L—"* U
Ans. Reflection of light: "f’?o\ f\ ‘~\
"Reflection &Lﬂ J‘{E' clng back of Ilght rays from a surface after striking
't, so that the ngk §into the same medium instead of passing through the surface."

Explanation:

Reflection of light takes place when light
hits a surface and bounces back instead of
passing through it. :

This usually occurs on smooth and shiny
surfaces, such as mirrors. The angle at which
light strikes the surface (angle of incidence) is
always equal to the angle at which it reflects Palnt of Ikt
(angle of reflection) (ngr. 14.1) / Fig. 14.1: Reflection of light J

03. Explain types of reflection with the help of diagram.

Ans. Types: There are two types of reflection:

¢ Regular/ specular Reflection

» Diffused/ Irregular Reflection A~ 12
1. Regular/Specular Reflection: ~ A\

It takes place on smnntl'r urfaces (1 H{E \usl:orsa
‘orming a clear image. - 1”1 L“ LLER
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2. Diffused/ Irregular Reflection: 1S \ COMNB®
It occurs on rough surfaces (like pape \MERH hl in dlfﬁ:rent directions,
so no clear image is seen._ \ \ ﬁ \J

Reflection is im pcs, and opucal devices, allowing us to

Types of Reflection
Incident rays  Reflected rays Inddent rays m’ﬂi

nml-rﬂnwhr

Q4. State laws of reflection.
Ans. Laws of Reflection:

The reflection of light follows two basic laws:
o  First law: The incident ray, the reflected ray, and the normal (a line drawn
Perpendicular to the surface at the point of reflection) all lie in the same plane.
e  Second law: The angle of incidence (i) is always equal to the angle o tion (r).
Formula: Zi=4r. . . (14.1) f*f;: @L‘ JUL
These laws apply to all reflective sgg-f E 1\6\@ water, and help us to

understand how light boun ‘\: - A

Q5. Find the image %\@1 n “In a plane mirror with the help of an
sclivity. \NI

Ans. Ohiﬂgf\ ¢ 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 object, so it is clearly Fig 14.2: Image formation by a plane

mirror.

visible (Fig. 14.2). :

Look at the mirror and observe the rays of light reflecting from the object. When two

rays reflect off the mirror 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 \reflected

rays on paper. Extend these reflected rays backward with d unq:p@n&- ey meet

behind the mirror is the position of the i [mage W shows the virtual image
- '||I1|I "'n, | '1\

location.
There are four properties of %E lane mirror:
I. The image is erect- \ﬁﬁp\l like the Ob]ect
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3. The image is of the same size - 1he sS1Z€ 01 |

3. The image is laterally in - The, efr ||
and right sides of the =

-
—

the image is exactly equal to the size of the
object, It can be written as: d; = d,.

i
reversed in the i 8 s ﬁp ig.
14.3. 'QﬁjWLﬂ*

4 The image is virtual-It cannot be captured on a screen because it is formed behind

actually meet.
Refraction of Light

the mirror where light rays do not
14.2

06. Define refraction of light. Describe the passage of light through one

transparent medium to another (glass or water).
Ans. Refraction of light:

Refraction of light is the bending of light when it passes from one transparent
medium to another (like air to water) due to a change in its speed”
OR "Refraction of light occurs when light changes direction as it passes from one

medium to another, such as from air to water or glass”.

Explanation: it
This happens because light travels at

different speeds in different materials.

light moves from a rarer m um

denser medium (glass or m
towards the nW}gé rom a
denser mediu rer medium, it bends
away from the normal. The amount of bending i
depends on the refractive index of the medium. Fig 14.4: Refraction of light
Examples: Refraction explains many everyday phenomena, such as a pencil appearing
bent in water, the working of lenses in glasses and cameras, and the formation of

rainbows.

17 State the laws of refraction of light and Snell's Law.
Ans. Laws of Refraction of light:

The bending of light during refraction follows two essential principles.
o 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.
« Second Law (Snell's law): v 0T

The ratio of the sine of the angle nfjncipvcgﬁwﬁﬁﬁ 5{@ ngle of

refraction (r) remains constant for a spcg‘ fic, pair
law. O \x:\?ﬁ_}b >
— e VT N = Ty




- Formula: _ A6 ng A\

r' o
sin I

sin i '\\j c} 'mf\u)\“
sing? - oA142) [‘.“. H\ \\ ".\\

- Here, n is the refrani m \Sﬁl\ secﬂrch mcdlum relative to the first. The

refractive index lndl )3 t bends when entering a different medium,

Q8. How ul light change when it passes Through different
materials, and what is its Maximum value?

Ans. Speed of Ilul'lt in a Medium:

The speed of light is not constant, it varies depending on the medium though which
it travels. :

Maximum Speed: Light moves at its maximum speed in a vacuum, which is 3 x 10%ms',
Slowing Down: When light passes through materials like air, water, or glass, it slows
down due to interactions with the medium particles.

Density and Speed: Generally, the denser the medium, the slower the speed of light
becomes in that material.

This change in speed is measured using the refractive index n, which is the ratio of
the speed of light in vacuum to its speed in a given medium. The variation in the speed of
light, when it moves between different material, is what causes rl:fmctmntn{rﬂé\})endmg
of hght

Lamar— W“@] |

"It is defined as @n
light in alr 0 speed of light in

the gnren
Formula:

- i Speed of light in air

Refractive index = Spccq of light in a medium vod 65 <Y

or n==— .. (14.3) Fig. 14.5: Refraction of light at a boundary

v between two media

Explanation: A light ray changes direction when passes from medium —1 (with refractive
index n; and speed ¢, to medium —2 (with refractive index n, and speed ¢,). The
anglesO; (angle of incidence) and 6, (angle of refraction) demonstrate how the light
bends according to Snell's law due to the difference in refractive indices.
Q10: How Refraction occurs through prism?

(OR) Define a prism and explain the processes of reiranilun of Ilgh (jj:mugh a

triangular glass prism. ﬂ NE ®) W
Ans. Refraction through prism: o T\ 1\[ ~ :,JJ (2
Prism: A prism is a trans];r) t gpudgl,ob% @/ t polished plane surfaces

inclined towards each othﬁ.\\ll\ @ qg%ll]? & of optical glass and is used to refract
'Nl ,_ '. J2
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= S et .
(bend) light. In a standard triangular prism, the
refracting surfaces are at a 60° angle to each

other. T\/

Process: When a ray of light \a)

triangular prism does nof ﬁ% el-to its
origional path but W ﬁﬁ ges direction.
e Incident ray (PE): g
When an incident ray (PE) strikes the | gg 14.6: Refraction through a triangular glass
prism at point E, it bends towards the normal N. prism
e Refracted Ray (EF): o Y
After bending towards the normal N and travels inside the prism as refracted ray
(EF). Inside the prism, the ray makes an angle of refraction r before reaching the
second surface at point F.
o Emergent Ray (FS):
As it exits the prism, it bends again, forming an emergent ray (FS) at an angle e.
o ' Angle of Deviation (D): .
The emergent ray (FS) is not parallel to the incident ray (PE) but is instead deviated

by an angle D, known as the angle of deviation.
"The angle of Deviation (D) is the angle formed betwee: dir d@@m

g 1%}-"
@ meters, optical
Ans. Critical angle

“The angle of incidence for which the angle of refraction is 90° is called the critical
angle."” :
Explanation: When a 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).
o  The other part passes into the second medium (transmitted or refracted ray).

If the angle of incidence increases then refraction angle also increases. The more
the angle of incidence increases, the greater the angle of refraction becomes.

At a particular angle, the refracted ray no longer enters the second medium but
wravels along the boundary. This angle is called critical angle. (Fig. 14.7-b).

Total Internal Reflection: "Total internal Reflection is the phenomenon of the reflection of
light ray back to the same medium when passing from denser medium to rarer mﬁiﬁl{n
\ |8 ]

"l
e

original incident ray (extended farward) and tk
This bending effect is what allows ¢

n such a way that angle of incidence is greater than its critical ;_pglc N\ (cl0)

Explanation: Now, if the angle of incidence, is increhsed beyond th i angle, the
ight ray does not refract at all, i @ hﬁ, “intd the same. medium.
This phenomenon is called total : Q\I &l
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(b)
Fig, 14.7: Total intemal reflection
Table 14.1: Refractive index, speed of light, and critical angle for different media

Medium Refractive Index | Speed of Light {x. 10° m s-!) | Critical Angle |
Diamond 242 1.25 24.4°
Glass (flint) 1.66 1.81 37.0°
Glass (crown) 1.52 2.01 41.2¢°
Perspex 1.49 2.00 42.0°
Water _ 1.33 2.25 48.8°
Ice 1.31 : 2.30 49.8°
Air 1.00 2.99 "
Vacuum 1.00 3.00 ~ (12 (¢ Q@\mﬂ

Derivation of the formula for Total \Bu\) s
To derive a formula start with Snell's law:

ny sin i = ;. sinr.
When mta ﬂn occurs, the refracted angle: becomes 90°. So, the
equatlml
n,smr =n,, becausa sin (90°) = 1
Now, if ' is the critical angle C, the formula becomes:

: '
sinC= I wovens (14.5)

To find the critical angle C, we rearrange it as:

C = sin?! [‘% ) ........ (14.6)

This only works when n, > n, 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. sin C = 1/n |
From the above equation, the refractive index of the first material (demser medium)
can be founds,
) @O

o —— (14.7)

This relation only huldis\t%uéft; %&W @\@E a denser medium with _

refractive index n in to air
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Q.12: How can we understand Hatncﬂnnhvmrimanttostudy? S\ @O an

Ans: Experiment to study refraction: B \ ‘o E::U

To understand how light bends ( r: ! A\&gs\s\cs:' hrough different
transparent materials, we can vsﬁt using blocks of different
shapes right in our classroom 0 % . (Fig.14.8)
Aim of the Experim ow light refracts (bends) when it passes through a
rectangular block, i*eircular blnck, and glass prism.
Materials Needed:
o Laserlight e Protractor ®Paper sheet e Pencil e Ruler

® P:rspex block (rectangular, scml-mrcular. and pnsm-shapcd}

A
(a) Rectangular block (b) Semi-circular block (c) Prism

Hethnd of Experiment; 1.5 Experimentforreiracticn of ight Q(@ @@\?‘;ﬁ

Place the rectangular glass block on a
e Draw a straight line at on
e Draw a normal (a strai

block. _ N ﬂ\,
e  Shine the Idi\é:ﬁj angle on the block along the drawn lme

Experiment to study Total Internal Reflection:

Aim of the Experiment: To study how total internal reflection of light oceurs usmg a semi-
circular glass block. (Fig. 14.9)

“at the point wher light will hit the

Materials Needed:
e Lightray e  protractor e Paper e Pencil
e Ruler e Semi-circular Perspex (glass) block.

Figure 14.9 (a) demonstrates the refraction, while Fig 14.9 (b) and Fig 14.9 (c)
llustrate the critical angle and total internal reflection respectively.
i<C i=C i»€

O
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0.13: Write a note on optical ﬁbre? { _;. (Gne
Ans. Optical Fibre: < i_ t‘\"" S\\E iz '

"Optical fi brcs us m&rgh\ﬁi \lt,h ntal Internal Reflection (TIR) to transmit ligh
efficiently ovcr

Use: Th 3 }are wrdely used in the Strength member
tclecornm matmn industry due to their high
speed and reliability
Structure: An optical fibre consists of thin,
hair- like strands made of glass or plastic.
(Fig 14.10)
Main Parts: It has two main parts:
o Thecore ®  The cladding Fig. 14.10: Structure of optical fibre
1. The core:
The core is the inner part that carries the light and is made of a material with 2
higher refractive index.

2. The cladding:

-

Surrounding the core is the cladding, which has a low d helps
in total internal reflection. o\ :Z '5’,30“"’
Process: When light enters one en @’Q‘h\e e-cladding boundary at an
angle greater then the cr{fi ect bach into the core. (Fig. 14.11)
This re:peated G\L\/ ght to travel long distances w:th minimal energy
loss. m"i\m
ANV

Optlcal Fibre Transmission

Light ray trapped In fibre core

Core
Cladding Buffer

Fig. 14.11: Transmission of information through optical fibre
Q.14: Write advantages of optical fibres. -
Ans. Optical fibres are used in many areas of life, but their most common use is in
modern telecommunications. Compared to traditional copper cables, optical fibres offer
several key benefits. Pt Sa
(1) High Bandwidth: N ""?%'f‘;j.-biﬁ‘** x

e  Optical fibres can carry al \arﬁu\uiat ofdata than copper wires.
e
N

Bandwidth means H t over a network per second.
\ *. 11
(RBIEi=hs
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e In today's wdrld ‘where we need fast mtarnet. nptlcal fi bre:s arc the\be/st Mﬁﬁﬁﬂ
because they support high speed data transfcr ~

”'n,‘l ( h
(2) Low Power Consumption: %\ 1_} AU wﬁ ?

®  They use less power than co \od{l:\r \ o \L I
e  Also, because they Iast Inq durahle, they reduce the cost of repairs

and mamtcnan

(3) Faster Sp&ad

o They send data using light pulses, which travel extremely fast almost at the speed
of light.

¢  This allows data to move quickly from one plm to another, faster than electrical
signals in copper wires

(4) 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.

(5) Resistance to Electrical Interference.

* Since optical fibres use light instead of electricity, they e \%U
electrical noise or interference. : A@t 5

¢  This is a big advantage over co H’\ F@E\éﬂ problems due to

electrical disturbances.

0.15:Write a I:ri'nﬂNWn n lens. Also write its types.

Ans: Lens:

"A lens is a transparent material with two surfaces, at least one of which is curved."
Explanation with Examples:

It bends (refracts) light in a way that forms an image of an
object. Lenses come in different types and are widely used in
optical devices such as cameras, eyeglasses, microscopes,
ielescopes, and projectors. They play an important role in
correcting vision.

Types of lenses:
Lenses are classified based on how they bend light rays: | Double Plano- Concavo-
1. Convex lens 2. Concave lens
Convex lens:
O
* A convex lens, also known as a cnnvcrglﬁ-g (
at a point. \E\ Y




It is thicker in the centre and thinner at the edges.

® :
(Fig. 14.12) ' auf ; ':‘ AN

2. Concave lens: T -: \V‘ V\"‘ ”‘3\

e Concave lens, alm"c “rrs.' causes
parallel hght ra ‘:Pﬁ‘ trJ . :

® Thls R]]w e centre and thicker at the euges
(Fls

0.16: Explain Impornm terms related to lenses.

Ans. Terms related to lenses: '

To understand how lenses’ form images,
it is important to learn some basic terms.
e Focal length:

"The focal length (f) is the distance
from the lens (optical centre) to the principal
focus, where light rays either meet (converge)
or appear to spread out (diverge)."

Symbel: It is denoted by (f)
1. . Converging lenses: =

In converging lenses, focal Iength is ‘i}ﬁﬁ&ﬁﬂ&" at a point aﬂ
passing through the lens. _ ,(& Q
2. Diwciulnnm ;;:ia :E

In divergi is negative and rays seem to spread out from a
virtual poifif o the same sudc of the lens as the light source.

o Principal Axis

"This is a straight, imaginary line that passes through the centre of the lens.”
e  Light rays that travel along the principal axis do not bend or change direction when’

passing through the lens.

"The principal focus is the point on principal axis where light rays that are parallel
to the principal axis come together (in converging lenses) or appear to come from
(in diverging lenses)." |
1. Fora 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. = 2
e Optical Centre: 1SN C O\
"The optical centre is thc g ‘ﬁa\% fotflﬁfﬁnf through which the
principal axis passes.” | \"b '} W2 .
1. Light passing mmu@\th\s(pt\hiw

IR
r\:".'x||k~drrll ”




2. Itisusually marked as O.

e  Centre of Curvature: N i:" \ ‘F(O)V,\
"Lenses are made from parts of a sp?‘q?? ﬁ-{:\ntﬁ;\kﬁf mls,' agmary sphere is
called the centre of cuwatl’ﬁ!é \ —

It is generally located at f c ﬁté\}acnl Env . from the lens.

0.17: Describe t[{g’\mﬁtﬁﬂ fﬁann lens and Mirror Formula.

Ans. Lens:

"A lens is a transparent material with two surfaces, atleast one of which is curved."
Relation between lens and Mirror Formula:

The relationship between the focal length f, object distance p, and image distance q
for both lenses and mirrors is expressed by the lens/mirror formula as:

This fundamental equation helps determine the position and nature nf the image
formed by a given optical system.

0.18: Describe the action of paraliel rays on lenses?

Ans. Action of Lenses on Paraieil Rays:

When a set of parallel rays pass through a lens, they ne:frﬂw:tT 2éific
patterns based on‘the lens type Depending on hu_w r\m:( Ses are
grouped into converging and diverging len?s. f-n; ng‘(\ri\ N Lr
(1) Refraction and Conve J
o Principal axis: AL

N]

As the rayﬁ\&\i@,]aﬂ;\qcns, they bend towards the prmmpaf axis due to refraction.
This bending takes place because of the the lens's curved surfaces and its refractive
index.

o Focal Point:

After passing through the lens, all the rays meet at a common point on the principal
axis this is known as the focal point. |
(2) Formation of image:

The type of image formed depends on the
object’s distance from the lens.

Generally, a converging lens forms a real
and inverted image, but if the object is very
close to the lens, the image can be vmual and

upright.

(3) Refraction and Divergence of Concave lens NSl
The rays are bent away from the prmp 3(({3{\1 Bgnt}u\g? éwes the illusion that
they originate from a point heﬁtqu\t(lﬁc\h;s \the: virtual focus. This is a result of refraction

TR




Ihrudgh the curved surface of the lens. [F@"}ﬁm
(4) Virtual Focal Point:

L»J % o
In a diverging lens, the 0 nc- i /ﬂ M S:r)am? nstead, when extended
backward, they appear to s mﬁﬁ pmnt on the same side of the lens.

This is called a wrtlml W t_j
(5) Fnrmn

When an Dbjl:-'.':t is placcd far from a diverging
lens (at infinity), the image formed is virtual, upright,
and smaller than the actual object.

(1.19: Explain the power of a lens.
Ans. Power of a Lens:

"The reciprocal of focal length (f) is called F,Eu_,&m“‘“m‘:;‘:ﬂmm

power of a lens." , parallel rays
(5) Formula: |

It is'givcn by the formula P = l/f........... (14.9)
Unit:

The SI unit of power is diopter (D) where 1D = Im™. )\ @m
Diopter: "1' \“‘i{y ] o L

One diopter is the puwiesrf '\;@K@m L
Convex lens: X

A convex | I I length, so its power is positive.
Concave lens!|

A concave lens has a negative focal Imgth, so its power is negative.
Importance:

Lenses with higher power bcnd light more strongly, and this concept is important in
eyeglasses, microscopes, and optical instruments.
0.20: How real image is formed by converging lenses? Explain by diagram.
Ans. Image Formation by thin lenses:
Unlike mirrors which form images through reflection, lenses create images through
refraction. This process 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 s passes through the fcu:al pomt F—gﬁ?q e firaction
from the lens (ray-1). \o
2. A ray passing thrnugh e npndiv 3 3*‘1& \ek}.l tmues stralght without
bending (ray-Z} \ Q) E\ '

[ U"’”
N Hmfl\‘\f i
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3. Aray passaﬂ\g 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 formed. The position, size, and nature of the image dcpcnd on where the
object is placed in relation to the lens. These principles are important in devices like
cameras, magnifying glasses, microscopes, and eyeglasses. The image formation by a

convex lens for different positions is described in Table 14.2
Table 14.2: Image formation by a convex lens

Position of the Object | Position of the Image Size of the Image Nature of the Image |
* Atinfinity AtF Highly diminished Real and inverted
- Behind 2F Between F and 2F diminished Real and inverted
At 2F At 2F Same as that of the object | Real and inverted
" Between F and 2F Beyound 2F Enlarged Real and inverted
AtF At infinity Highly enlarged
Between Lens and F Samuidea.smeubiect W“\'\i | yintvaband erect
Formation of Real Image by a Conve \ U )
A convex lens produces W thc ubjcu;:t is placed beyond 2F. As
illustrated in Fig. 14.18.

\Jl :
Image appears'qﬁ I J\W ol

The image appears on the opposite side of the lens from where the object is located.

Fig. 14.18: Heallmag\!fnumliunby:mnvemm

Formation of a virtual image by a converging lens:

For a convex lens to produce a magnified virtual
image, the object should be placed within the focal
length of the lens as 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,
and cannot be projected onto a screen, as |t,r$ gj
Such an image is visible only y When vie

lens. This pnncuple is used in %‘.{g m. ¥ /
JN\]I A0

SN \J



Q21. Differentiate between real image and virtual image. S)%ﬁ\"
. : oy i ) ]\r L) '.'N;\\\! } (o5

Real image =4 ,’?T\((“l \ U\ Virktaal Image

-|® Can be displayed or sﬂﬁ&urﬁf\ Q\PL Cjannut be projected or caught on a
screen. screen.

e Always aﬁg| lpgéﬁc&nwn (inverted). |®  Always appears upright (erect).

® Created light rays actually meet |® Created when light rays only seem
after reflecting or refracting. to meet, they do not actually

® Result of actual light rays intersecting. ' converge.

@ Can be displayed on a screen (like a [® Formed by the imaginary extension
wall or sensor) of diverging light rays.

0.22. Define linear magnification, Write its formula. Also write steps.

Ans. Linear Magnification:
“Linear magnification is the ratio of the height (or length) of the image to the height

(or length) of the object.”

Formula:

It indicates how much larger or smaller the image is compared to the oh_lectw,-\

h \
Linear magnification = g;:ii I:I:gghII ,\ \,\ ﬁf\\; CB '\g(‘)\& 3
J
. M- Em e el
Steps to calc ﬁm
Measure of the object h,.
2. Measure the hmght of the image h;,

—
-

. | h,
3. Usethe formula; M= I

o

XN Opticaldevices
0 23: Define Optical Devices. Write type of glass/lenses are used in optical device.
_Describe with examples.
Ans. Optical Devices:
"Optical devices are instruments that use light and optical components (like lenses.

mirrors, or prisms) to produce images, magntfy objects, or help us to see things more
clearly."

Examples: : ﬁ:\,
Camera, slide projector, photograph cnlag:r and tcicscqup’ A\ ;/ﬂ’i_.‘-f,l P
1.  The Magnifying Glass: Ny g\\ /i €
"A magnifying glass is a Gonvex- t‘: r@;\ i th’ make objects appear
larger. - x ;\ E\ r'"\,ll “‘n \j\\)""

v URS i
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Simple Microscope:
When an object is placed closer to the lens than 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 convex lens is also known as simple microscope.
: 2. Camera: -
"A camera consists of a light - proof box rine
with a convex lens at the front and a light | objeat
sensitive film or sensor at the back. The lens
focuses light onto the film to capture an image".

Fig. 14.21: image formation by amena
Simple comera: ln:simpleumﬂtelms ﬁhndimhi‘xed;nd
focal length of the lens. waﬁﬁ@

Distance: The object is placed beyond 2'& @mﬁ%ﬁ}l\géﬁﬁd and smaller

(diminished) image on the film (Fig. l

3. Slide mllelnr \ “
“A slide Mﬁmﬁnng an enlarged image of a slide or film onto a
screen.”
it consists nl.
e A light source at the centre of a concave mirror, which reflects light as parallel
rays. \
A condenser lens system:

A condenser lens systcm (twn plane convex lenses) that evenly distributes light
across the slide.

o —
ir r”“_: 11, \s "'. 1’”'-& \1\
Leveiling-sdjustment foot 1 1\ "'. r-n*\r \L "LJ A\

mmw@émﬁﬁ» ldepjectr

al |F{\\1Fr:l'!nl —~.'l. llilll )\ u I_F




A projection lens: S @O\NY

A projection lens (convex lens) that creates a reaf, la Q“J éﬁﬁfiﬁ%ﬁed image on the
screen. To ensure the image appearsco ggﬁb Q}iﬂ'ﬁ?f st be placed upside down be
because the projection Ir:p1‘;5?1?&w«tﬂ:ns"th\;15 9

erts th sfide is positioned between F and 2F
to form a real, magnified, @ [(, i[\?_a\xﬁy e on the screen (Fig.14.22-b)
A

4. Photograph | Iz ger: -

"A pf&i;& enlarger works similarly to a slide projector but is used to enlarge
photographic negatives onto photographic il | Condansar lenses
paper.

®  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

image is magnified, allowing small negatives to

be printed as large photographs. __Fig. 14.23: Diagram of photograph enlarger

Uses: These optical devices use convex lenses to manipulate light, fnrmin-g_ imagc_s-_ that

are magnified, reduced, or projected for various practical applications.

14.6

024. How image formed in a normal eye? 0
Ans: Image formation in a Norma
healthy eye, light rays (
through the cornea and
directly onto the retimal forming & sharp and clear
image. As skown\Ih-Fig. 14.24, rays from the top =
and bottom of the object converge at specific Fig. 14.24: Image formation by eye
points on the retina, allowing us to see a clear image. This process is similar 1o how a
convex lens forms a real image. :
0Q.25: How myopia occurs? Write its correction.
[Ans. Short-Sightedness (Myopia):
"Short-sightedness is a condition
where a person can clearly see nearby | =
objects but struggles to see distant ones,

Near Point: — Ay
"The closest distance from the eye il Mpela P ooty

where we can see things clearly is called Fig. 14.25: Short-sightedness or myopia |

near point" >\ (EO)BUP

o N
é ) 3
Explanation: This occurs when the eye lenqcpengﬁ, hm '?( 7@;:& Y, causing the
image to form in front of the retina in ng’pq(@ }5@3 25=a). As a result, distant
: | 5 A
objects look blurry. To cnrréa- iS¢ conc; @}:\ﬁfs’

1 are used in glasses or contact lenses.
A % i
[T | [V AL
T |"if\]| .':_‘i | ~_.I'|L__F'!_\|__J o
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L‘.urral:tiun A concave lens spreads out the light rays befbrc thc_’f eﬂtthha:&'fe;}\hb!ﬁlng
the eye's natural lens to focus them correctly nmlhe f&unqﬂ"‘ig; {“4 25 ch).

Causes of Short- Sightedness (Myopia): \ 7\ |\ UL - e
There are two main caus‘r;:& nﬁpmmkmﬁﬂmsf A

1. Lens too strong: 1}1“[?'; leycﬁlens beécomes too curved, focusing light in front of the
retina, _,;'~.[|'~;-Jr-~.“--. =X
2. Eyeball tog large: The distance between the cornea and retina increases, so the

focused image falls short of the retina.
0.26: How hypermetropia occurs? Write its correction.

Ans. Long - Sightedness (Hypermetropia) and its Correction.
"Long - sightedness is a condition where a persan
can see distant objects clearly but nearby objects appear
blurry."
Explanation: In a normal eye, light rays from nearby
objects focus directly on the retina, creating a clear image
(Fig. 14.26-a).
This long sightedriess happens when the eye lens is
too weak or the eyeball is too small, so the light rays from
the near objects are not bent enough. As a n:su]L rays

focus behind the retina instead of on it (Fig, ;—II) \J\ 13 \\ )

Correction: To correct this, ¢ ;n\ie‘sr

glasses or contact lenses. A \Llphs.\bén s Lhe light | . Fig14.26: Long-sightedness
rays more before m}{\&ﬁ Helpmg them focus directly on the retina.

Causes of Long-S$i ness: There are two main causes:

1. Lens too weak: The lens does not bend the light rays enough.
2.  Eyeball too small: The retina is too close to the lens.
In both cases, the image is formed behind the retina, makeing close - up vision blurry.

14.7 Gravitational Lens and Acoustic Lens

Q27. Explains the concepts of Gravitational lensing and Acoustic lens.

Ans. Gravitational Lensing:

"Gravitational lensing occurs when the
strong gravitational field of a massive object, like
a black hole or galaxy, bends the path of light
travelling near it"

Explanation:
Just like an optical lens bends and focuses | -. e e
light, a massive celestial body act as_a || Ras

"gravitational lens" altering the path QfJbghmﬂhi[ | R .
a distant object such as a star cq' ga\lwp}' \\ ) \\ N\ [ " Fig. 14.27: Diagram of gravitational lens

ll *I”
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Effect on ohsarﬂlinn This effect can cause the distant objectc gn hpgegi-f' :
distorted, or even duplicated, creating multlpie ima bf’im@ tlﬂ‘f’!)‘ A5 A

Gravitational lensing is a valuable‘atogl‘iﬁ'n g&tg vt helgps scientists study distant
galaxies, dark matter, and thq ‘nnf\ uﬁ‘i'erse providing insights into objects
that are otherwise too ﬂ)% ve ltbctl}r
Acoustic Laqmp I ﬁ

"Acousﬂc Icns:s are special devices
designed to focus or spread sound waves, similar
to how optical lenses control light.

Composition and Function:

These lenses are made from materials with

different acoustic properties and are shaped to
redirect and focus sound waves,
Explanation: They can concentrate sound into a narrow beam or spread it over a wider
area, improving sound clarity and control (Fig. 14.28). These lenses can focus sound to a
specific point (like a miicroscope or sensor), or diverge sound to spread it over a wider
area.

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

Uses: Acoustic lenses are widely used in: ((_: \\?\3\3
I. Medical imaging (e.g., ultrasound) to m}_pmgq ﬁw.uwy\
2. SONAR systems to detect undcrw H \) s,\

3.  Noise control to focus Mcm
o)

Both grawtntluna £ ses demonstrate how the principles of wave
manipulation \ﬁgﬁr t and sound, playing an important role in astronomy,
medicine, and' olog}f

Dispersion of Light by Prism

Q.28: Explain Dispersion of light by prism?
Ans. Prism:

"A prism is an optical object typically made of glass with triangular and rectangular
sides. It bends light 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.
Dispersion of light: "The splitting of white light into its seven constituent colours when
passing through a prism is called dispersion of light"

Explanation: When white light enters a prism, it slows down and, bends toward the
normal. Jﬁ-ﬂmiu

Each colour has a unique wavelength, §nd %I:ghg mvél;s\\i]{rpg%\h prism, each
wavelength refracts at a different anglc o W2 a \ #

Shorter wavelengths { M\Pﬁ‘ r{han longer wavelengths (red,
orange),

afl H‘ 1\
| ]r-—];l

M N
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As a result, the light exiting the prism|
separates into seven distinct colors: red,
orange, yellow, green, blue, indigo, andf, ©
violet forming the visible light spemum(,ﬁ& W

.—'u"ul;

14.29).
Dispersion of prl:m H:{m #ml’:ic IA3%
spectrum, pnsms disperse infrared F!.HH nlan:ionnflﬂbypthn

(IR) and ultraviolet ( UV} light, though these wavelengths are invisible to the human eye.
Methods: Special detection methods, such as infrared thermometers with sensors, are

used to measure these wavelength.

infrared Thermometers:

e These devices detect IR radiation emitted by
objects, which correlates with their temperature.

e  When dispersed light from a prism reaches an IR
thermomefer, it can measure both visible and
infrared light.

e By analyzing the intensity of IR radmtmn the
thermometers determines the temperature of the
emitting object. —cany

e This technology allows for non-contact tﬂnpcrmW meas (_;c@\ﬂnﬁ ‘sm:}! Q‘Miﬁg-
human body temperature (F:g 1430). . © A\n\( ':aj\ﬁ\.' f (G

el

AC‘T& "ACTIVITIES

.

Activity 14.1: Finding -s.;- “'mnninamnemmr

Objectives: To ébscrve and understand the
position and characteristics of the |mag: formed
by a plane mirror.

Materiais Needed:

e A plane mirror e An object

e A measuringtape e A light source

o. A white paper

Procedure: e ur-;
e Place the plane mirror in an upright gAY
i 203 14.2: formation mirror
(vertical) position. Fig Image by a plane

Position the object in front of the mirror.

Ensure the object is not taller than the mirror.

Shine light onto the object so it is clearly visible (Fig 14.2). A (€ j A
Look at the mirror and observe the rays of light mﬂ:::pmg fron ﬂif:coﬁ;ect‘i I
When two rays reflect off the m1rr0r amfH reac’h the bb\&ér}ﬁer' ye, they appear to be

l._-"'l.'—

coming from behind the mlf;brﬂ 'i“w “ j‘ >

=[] \ -Illl I'., lI|I '.I__'_Ill =2 =

”“m




Pt T =5

Tl

® By using a ruler and the law of reflection, we can draw ¢ ﬁﬂc@w%oh paper.
Extend these reflected rays tmclwv.raqf;{J withl ¢ e\'{ '{Inkb» e 1ey meet behind th
mirror is the position of the imaa AN m RN

®  This method shows thi vi 14 image. locatioh,

Properties: There are four. ‘m*g It an image formed by a plane mirror:

I.  The im; ‘J--ig}f{_:%ttﬂﬂ “appears upright, just like 2 i1
e oot peiroag

2. The image is of the same size — The size of the SRR q
image is exactly equal to the size of the Object) It == ali Tl TR
can be written as: d; = d,. Ohince Image

3. The image is laterally inverted The left and right | _ . 15 ma’;‘.‘,;r;"ms T
sides of the object appear reversed in the image. 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,

FOR YOUR INFORMATION

Convex Mirror

Concave Mirror

The focus lies behind the mirror

erhe focus is in front of the mirror

reflection appear to come from the focus,

The focus is virtual as the rays of light after

reflection converge ay

The focus is real as th f tight s
e

k.r"l.

What is a Fibre Optic Cable? O A2 A LUAL B

Fibre.optic cables are mmpos% very thi %@Lﬁ? pure

glass fibres. o\ \é. P |

®  They transmit infi 'ﬂl’L} i t from lasers of LEDs that
is modul fused in some cases as a light source.

®  They have thousand fibres that are insulated from one
another by a protective Jacket.

®  Each fibre also has an internal cladding that bounces light

inward to prevent signal loss.

- o |

BDO YOU KNOW? |

Types of Reflection
Incident rays Reflected rays Incident rays Refiected rays

A4

Diffused

Regular / Specular
Leflection reflection
Some sign conventions for mirrors are:
Quantity When Positive (+)

Object distance p Real object U e

Image distance ¢ Real image A O —l \C \ ‘xﬁ \‘\

Focal length / nave mifvog/ 7 \(() |\ .

A e = e
The thicker lens "bends" the light Tnore) & it has.a greater POWER than the thin lens. This concept is
NNINNAY
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Facts About Magnifying Glass

Did you know that if your eyes can only focus to within about 15 cm in front of them?.
Anything closer will be blurry. If your eyes could focus you would not need
magnifiers!

Ans.

5
-

Ans.

Why do diamonds sparkle so brightly?

Diarnonds sparkle because they have a very high refractive index, causing multiple total internal
reflections inside. ;

How can a convex lens produce both inverted and upright images depending on its
positions?

A convex lens can flip our image upside down, but when it is close to our eye (like in a
magnifier), it stays upright and larger.

Brain Teaser\

Ans.

Ans.

Ans,

e
Place a pencil in a glass of water, it appears bent. What does this tell 4B t@@%
light in water compared to air? ' ACH o =
The pencil appears bent because light : : \@ﬁ air. This shows that
the speed of light in water is less tha sing refraction ( ing of light).
Why can we use optical fibres {o sen B ¥ rd-bends and corners without much loss?
Optical fibres can sm; m@ snds because light undergoes total internal reflection inside
the fiber. Thi il ped with in the core, so very little energy is lost even when the
fiber bends. ¢
Why is the image in a plane mirror considered virtual, even though it looks real?
The image in a plane mirror is virtual because the reflected light rays do not actually meet behind
the mirror. They only appear to come from that point, so the image looks real but cannot be

formed on a screen.

(] A ray of light enters from air into water. The angle of incidence is 40° and the

Sol.

refactive index of water is 1.33. Find the angle of refraction.
Given that; .

Angle of incidence = i = 40°

Refractive index of water =n = 1.33

To find;
Angle of refraction =r=7? A
L ' . e ~THaN L
Using Snell's law: it "’Hi\j /a;% \(‘:ML%
Ei.!ﬂ-:n ! _I:-) ”Tiilli" I Y\,\BH\_ }L e’ 5 g oo
sinr Al U’{\\( ‘ 'uﬁ\\_‘-j#; e
Substituting the values: A R\\ 0N \'\E WD

AN BB
A




1.33 x sin r = sin 40° . I,,ﬂﬂ
sin40° R 02 ..{ﬁ@\“} u

%\
) S

— 1E
\ NN [ (o \o
s S e »Eu\} Ei/“‘)

mr_iﬁw\!w

GHW {\f of refraction is 28.9°.

0 The refractive index of water is 1.33. What is the speed of light in water?
Sol. Given that;

Refractive index of water =n = 1.33

Speed of light in vacuum = ¢ = 3 x 10*ms"!

To find;

Speed of light in water=v =?

Using the formula:

n==

v

or v==
n :
Substituting the values:

_ x10°ms” | a k_a
e CX@W
:'h: spced Dlmr WE?E‘HH"

! Fin criticnl angle for water. (refracted angle = 90°). The
refl eindnnfwntuhl.‘ﬂndtinofllrhl
Sol. Using Snell's law:
ny sin i=n;sinr
For the Critical angle, the refracted angle r=90° , and i=C so sin (90°) = 1.
nsinC=1
Rearranging for C:
C =sin"! (1/n)
Substituting the values
C =sin' (1/1.33)
C =sin (0.752)
C=48.8° .
The critical angle for water is 48.8° 21 oy%
[EX] A concave lens has a focal length of 25 cm find its e;? (e @\T\N

Sol. Given that; N 3 ~"‘,L:“m L% oD
f=-25om =-025m \/\éqk’%\\i‘i\gﬂ U
| To find; P=7 *"“}1\ W«f;{ \\& : A

i
N r‘\“*uJ




Using the formula: s S5 N

s A NBAC

f 1 -:__x = \H.'L"-': .;_
= 1/~0,25 ‘«”M\*U
'ﬁ?xm H\ \\ >
P=—4.0Dq

| I". I.II'\I |', J
S An nbject\ad:pnildal" is placed in front of a concave mirror. The lincar
magnlﬂmhnn is — 2. Find the height of the image.
Sol. Given that;

h, = 8cm
To find;
h,=?
Using the formula:
-
%7
hi =M x hn
h;=-2 x 8m B
J-rf"—‘ ”.:3: ],III 'I."lI

h, = - 16¢cm 12\ &
. "-'I (‘“-' IIl.
# Si1Z¢ ﬂf the Dbj'ﬂﬂ[

The negative sign shows that the image i

/ MUHJM-* (hoice Questions prepmud in the hgl t of new Examination Tec hniques
{Knuwledge Understandmg, Apphcatmn‘ Analytncal & Conceptual)

14.1

1.  According to the second law of reflection the Angle of incidence (i) is always:
(a) Greater than the Angle of reflection (r)
(b) Less then the Angle of reflection (r)
(c) Equal to the Angle of reflection (r)
(d) Twice the Angle of reflection (r)

2. Which type of reflection occurs on rough surface like paper, where light
scatter in different direction?

(a) Regular Reflection (b) Specular Rcﬂcctum f';;:’_f;:i=_'3'~."
(c¢) Diffused Reflection (&) M;l‘rpr Rgﬂe{:tmn Q)

3. Ina ray diagram for Reflection, the 1“Nﬁlrml“ is defind as:-
(a) The line parallel to thtsuqﬁce NI

AN



10.

11.

12.

13.

14,

15.

16.

(b) The line perpendicular to the surface at the pmm af mclﬂm Cn‘ 0) mﬂu‘”
(c) The path the reflected ray takes S o (o
(d) The Angle between the incidenta :
14.2 Refraction of Light
Refraction occurs | ; n\ﬂ‘c glit'travel at different ____ in different materials
(a) Freq fpﬁl&#l \B) Speeds (¢) Colors (d) Intensities
When light moves from a rarer medium (air) to a denser medium (glass), it
bends.
(a) Away from the normal (b) Towards the normal
(¢) Back into the first medium ° (d) In a straight line without bending
The speed of light in a vacuum is approximately:
(@) 3x10°ms™ (b)) 3 x 10* ms™ () 3x10"ms' (d) 3 x10°ms'
Snell's law is expressed by the formula:

sinr sini 2
(a) n—m (b) n= i (c) n=¢xy (d) n=ixr
The refractive index (n) of a medium is defind as the ratio of the speed light in
vacuum (c) to:

(a) The speed of light in the medium (u) (b) The A.ngle 0(;\:} fh{gdﬁﬁ

(c) Thethickness of the medium &d) fhf: medium
The critical angle is the angle of in l@r gle of refraction is:
(a) 0° (b) ‘45¥ (d) 180°

Total internal iom ¢ \ when light travel from:
(a) A WW denser medium (b) A denser medium to rarer. medium
(¢) Airto ' (d) Vacuum to glass

Which of the following material has the highest refractive index?

"~ (a) Water (b) Glass (c) Demand (d) Ice _
In the experiment with a semi-clrcuhr glass block if (incidence angle)i < ¢
(critical angle) what happens?
(a) Total internal reflection - (b) Refraction in to air
(¢) Light stops completely (d) Light turn into a rainbow
What is the of value of critical angle for water, If its refractive index 1.33:
(a) 42.0° (b) 48.8° (c) 24.4° (d) 90.0°
Diamond sparke because they have a very high refractive index. This cause:
(a) High absorption : (b) Multipie total internal reflection
(c) Simple refraction : (d) Regular rcﬂcctinn .a q(b

The formula to find out critical angle C when the second-
} n= C X sin r

(@ sinC=n (b) sin C = I!n L © ﬂh\&/ﬁkﬂ‘l

Which material has the Iow{:st 8
@) Ice (b) Water( 1\ _,_J. j‘(}}r jamond (@) Air

TURREE
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Optical fibre works on the principleof: . © P L
(a) Refraction 2 )fi'tetgl ‘mt reﬂacﬁnn
(c) Dispersion 'r \ \\ x\ '., f‘l&gul‘"r Reﬂcctmn

In an optical ﬂ:bre,\mﬁ'p j‘e?“is surrounded by a layer with a lower
refractive indé%\!fim .

(a) Beffer | (b) Outer Jacket

(c) Cladeling (d) Straight member .

Which of the following is an advantage of optical fibre over copper wires?
(a) Higher power consumption (b) Lower band width *

(c) Resistance to electrical interference (d) Slower data transmission

What allows optical fibres to carry data over very long distance without losing
signal quality?

(a) Their thickness (b) High energy loss

(c) Minimal energy loss during repeated reflection

(d) The use of electricity instead of light.

A lens that is thlcker in the center and tllinner at the el:lgm is cq.qggh. f@@ﬂw‘
(a) Concave lens / (8do~=

(c) Convex lens _ : J

A convex lens is also a | s Degduse rings parallel_ light rays
together at a point. N \A J

(a) Point N i {ﬂ] Reﬂectmg (d) Refracting

The distance f the lens to lts focus Point (f) is know as the:

(a) Principle axis (b) Optical center

(¢) Focal length (d) Radius of curvature

In a diverging (concave) lens, the focal length () is considered: _

(a) Positive (b) negative (c) zero (d) Infinite

The imaginary line passing through the center of the lens that light rays travel
along without bending is the:

(a) Normal (b) Refracted ray (c) Principle axis (d) Incident ray
According to definition, a lens must have atleast one surface that is:

(a) Flat (b) Curved (c) Reflection (d) Opaque

A lenes that is thinner at the center and thicker at the edges is a:

(a) Cenvex lens (b) Converging lens

(c) Concave lens (d) Double convex Iens AN B0 \ a0 ﬁ \
Which type of lens is also know as a converging Ip:.g NS ﬂ i;-:- S

(a) Concave ~ (b) Convex (e) ElanerL bpnl;:ai’ét ‘(f‘l}‘\r D rging

A concave lens cause paralle} tgk tof/\ \ U W=
(a) Meet at a single point \\\ \\ 1‘\ fh), E\&\fllccl back to source

1"'."
\“rl\h‘ | \ll |



30.

31.

32

33.

34,

35.

37.

39,

'0.

41,

42.

1.

e '!"""w
Fa\ LR

(c) Spread out(diverg) (d) Tu itefigho\) v

The straight imaginary line passin fn flens is called the:
(a) Focal length {b) Pn :gx \ (b} \5pht ‘center (d) Normal

In a cunverginﬂ ’xpxlk foeal length is always consider

(a) Ncgatwe (c) Zero (d) Neutral
Thc hn the optical center of the lens to its principle focus is the:
(a) i (b) Focal length (c) Apreture (d) Optical path
Light rays travel exactly along the prinzipal axis of a lens will:

(a) Bend at 45° angle (b) No bend or change direction

(c) Reflect 180° (d) Diverge immediately

For a diverging lens, the focal length is mathematically treated as,

(a) Positive (b) Negative (c) Infinite (d) Variable
Parallel rays entering a convex lens meet at point called the:

(a) Optical center (b) Principal focus

(c) Center of curvature (d) Incident point

Optical devices

When light rays enter § bendmg ul‘ light at different angle cause,
(a) Refl W\ﬂ \ B\BI= A (b) Total internal reflection

(cr i e‘Lm the ray's path (d) Absorption of all color

Theangle between the incident ray and the imergent ray in a prism is know
as the;

(a) Angle of incidence (b) Angle of refraction :
(c) Angle of deviation (d) Critical angle :
In simple camera distance between lens and film equal to: |
(a) F (b) 2F (c) between Fand 2F  (d) Beyond 2F'
Which lens is used for the correction of myopia? |
(a) Convex (b) Concave (c) Plane (d) Double cnnvexi
SONAR systems to detect objects.

(a) space (b) air (¢) underwater (d) underground
Infrared Thermometers detect radiation.

(a) IR (b) UV (¢) X-rays (d)_Theemal
Acoustic lens focus or spread waves. . ] ;'71 CONLY

(a) sound (b) radio " T\e) ﬁeap\ V(A water .
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8 @ 9 (c) 10. (b) . (©) 12, (b) 13; (b} (T tb)
15. ) 16. (c) 17. (c) 18 ) \1911 Lg }- 21 (c)
22. (b) 23. (c) 24..(b) 38 ) (26D () 28. (b)
29. (¢) 30. (b) &Lxgbyﬂ 0\ Hf\fb) 33 (b) 34. (b) 35 (b)
36. . (c)- 37, (c} !.pﬂ,”*{s{)“ () 40. (¢) 41. (a) 42. (a)

Ans.

Ans.

4.
Ans,

Short Answer Questions prepured in the Imht f new Exmﬂumhun Ie:hmque;

(Knowledge, Understanding, Application, Analytical & Conceptual)

_ Reflection of Light
Define Reflection of light Also write its types?

. Reflection of light: "Reflection take place when lights hit a surface and bounces

back instead of passing through it"

Types:

Regular / specular Reflection

Diffused/Irregular Reflection

State the first law of reflection? S Tﬂf‘

The incident ray the reflected ray and the n?lgn d" cu!ar to the

surface at the point of reflection) aﬂ

What is the rtlahm@l{i{ﬁlmﬁv—\a&lﬁ incldenee (i) and the angle of

reflection (r)?

Accordmg @o&m& Ew nf reflection, the angle of incidence (i) is always equal
to the flection (r).

Diﬁerentiate hetwun reguiar and diffused reflection?
Regular reflection: Regular reflection occurs on smooth surfaces (like mirror) and

reflects light in one direction to form a clear image.

Ans,

6.
Ans.

7
Ans.

Diffused reflection: Diffused reflection occurs on rough surfaces (like paper) and
scatters light in different directions, so no clear image is seen

Why is reflection important for seeing objects that are not light sources
themselves?

Reflection allows us to see objects and form images by bouncing light off their
surfaces into our eyes.

14.2 Refraction of Light

What is refraction of light? = ﬁ “ﬂ
Refraction is the bending of light that nccum\wh:;n wCHahgpﬁditqthawas :t passes
from one medium to another, such**a*-‘. ﬁ*ﬂ'm I ﬁ/é\ér or g] ésu

Why does light change d{r ‘whgﬂ \ll ses from one medium to another?
This happens because [“gth Il’g"vb\;*av erent speed in different materials.

NN W) lr1 VB
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8. According to snell's law, what is the ratio of the site o ;I-béj ;
to the sine of the angle of refraction? | '*\Lk\’\}\ =
Ans. The ratio of the sine of the aﬁ;ﬂg ingider %i td the sine of the angle of
; v — S e :
refraction (r ) remaing) ¢ r&r\ﬁ;}(} ific pair of media.
s u& L |

9. How éw the speed of light change when it enters a denser medium?
Ans. Light slows down when it passes through denser materials like air, water, or glass
due to interactions with medium particles :
10.  Define "refractive index" in terms of the speed of light?
Ans. It is defined as the ratio of the speed of light in air or vacuum (¢) to the speed of
light in the given medium (v)
c

n=—

v

11.  Define the critical angle?

Ans. The critical angle is the specific angle of incidence for which the angle of
refraction is 90° . =

12. ‘Whatlhnppens to a light ray if the angle of incidenec ﬁ rﬁn@m the
critical angle? NN (o \o=

Ans. The light ray does not refract at all; instead’ it refle ﬁg
medium, a phenomenon ealled tota g : .

13. Under what two con ‘ma At internal reflection occurs?

Ans, (i) It occurs passes from a denser medium to a rarer medium.,
(i) wW e of incidence is greater than its critical angle,

14. What is the value of critical angle for water?

Ans. The critical angle for water is 48.8°

1S. Why do diamonds sparkle so brightly?

Ans. Diamonds sparkle because they have a very high refractive index, which causes
multiple total internal reflections inside the diamond.

16. What is an optical prism?

Ans. A prism is a transparent optical object with atleast two polished plane surfaces
inlined towards each other. usually used to refract | ight '

17.  Define the "Angle of Deviation" in prism.

Ans. The angle of Deviation (D) is the angle by which the emergent ray is bent away
from the original path of the incident ray. ' T

18. What path does a light ray take as it enters and then flﬁgﬁ?@l&%hﬂ
prism? =t i AN [(Elo=

Ans. The incident ray bends towards th no ﬁ\ﬂ;}&-} \Lef,ﬂrism and then bends

. away from the normal 38, gx}sls\‘%e‘/ m, fotniing an emergent ray that is not

?:K\f\ P

entirely back into the same

r— Y,
¥

parallel to the incident ra \ s
' ey e

-
T
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19. Which pnnmple of light is used lm qpiic&l-m to\ tr
long distances? SR\l :

Ans. Optical fibres use the qrﬂpéipiq pf mﬁa\\ntcmal reﬂacuon to transmit information
efficiently with-oninin hl ehetizy Toss.

20. What arel tﬂb‘tbm main primary layers of an optical fibres?

Ans. An optical fibre consists of a "core" (the inner part that carries light) and a cladding
(the surrounding layer with a lower refractive index)

21. Why are optical fibre preffered over coper wires for data transmission?

Ans. They offer higher bandwidth (car carry more data), lower power consumption and
are resistant to electrical interference.

144

22. Define a lens and its primary function.

Ans. A lens is a transparent material with at least one curved surface that refracts light to
form an image.

23. What is the difference between a converging (convex) and a diverging
(concave) lens?

Ans. Convex lense: A convex lens is thicker in the middle &nd ,971 Jlﬁhﬁ@é to a
point.

i,s vit7in nfurmatinn over

Concave lense: Whlle a concavrl?r;_s) cﬁ cliup\@dmx i\hﬁj r}rl J:iél’f and spreads light
rays apart.

24. Define the " focal IEng‘ §

Ans. The focal he distance frum the optical center of the lens to the

prmcipal ‘s-whr.m light rays either meet or appear to diverge from.
25. What is the ST unit for the power of a lens?
Ans. The SI unit for the power of lens is the dioptre (D).

14.5 Optical devices

26. Under what condition is a real image formed by a lens.

Ans. A real image is formed when light rays actually intersect afier passing through the
lens, it is always inverted and can be projected onto a screen.

27. What is virtual image?

Ans. A virtual image is formed when light rays only appear to meet when traced
backward, it is upright and cannot be caught on a screen.

28. Where must an object be placed to use a convex lens as a magnifying glass.

Ans. The object must be placed between the optical center and the principle focus (F) of
the lens to produce a magnified upright and virtual image.

— YT f_'l"nl
14.6 Image Formation in a Normal Ey-:— r'r:'.f}f&ﬁ \
29. What is "accommodation" of th uman,d;yﬁ" \\

Ans. Accommodation is tha imlihry& musclﬁs change. the thickness
(focal length} of the eyg ;ﬁﬁ (q ﬁcgs“o&hrly on object at various distance. '

= o e o “ [ H
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30. Define short sightedness (Myopia).

'I,::_,'- 11. AV ;
_ Ans. Myopia is a vision defect where a person cen sgeﬂcﬂ}_:erﬁj‘é@théﬁﬁy, but distant
{ appear blurred because the image gfq;[rﬁh ,Ffér\t\ ﬁrﬁ_}g_i'naﬁ lJ

-31. How is myopia carrel;:tgq 2 _\\V A\
Ans. It is corrected by usinﬁ;"a "-.éd?tgh?é\fahrﬁfging} the light rays before they enter the
¢ye. moving the focuys [}Q}_\llbﬁaﬁk onto the retina.
32. What is long ;iflﬁmﬁ’e&s (Hypermetropia).
Ans. Hypermelropia is a condition where a person can see distant object clearly, but
nearby object appear blurred because the image forms behind the retina.
33. Which is used to correct Hypermetropia?
Ans. A convex (converging) lens is used to provide extra converging power, bringing the
focus point forward onto the retina. . :

Gravitational Lens and Acoustic Lens

34. What is gravitational lensing?

Ans. Gravitational lensing occurs when the strong gravitational field of a massive object
like black hole or galaxy, bonds the path of light traveling near it

35. What is the effect of gravitational lensing? ;

Ans. This effect cause the distant to appear magnified, distorted or even duplicated,
creating multiple images. : —~10) “.'_fg,

'36. What is the importance of gravitational lensing?

e e A : NN | 755 Vo=
Ans, Gravitational lensing is a valuable tool ip.astro ‘ir& hgj}ﬂ g‘idténﬁs!ts study distant
galaxies, dark matter, and the structiite quvy SR\SR=NS
37. What is the working u&g@pﬁi{{qﬁ ”-,Ll\.;;,-u"’ oS
Ans. These lenses can focus {qmﬁjbja Specific point (like a microscope or sensor), or
diverge sound to, pegad _;;t_ﬂ\v a wide area.

N\ N "-H

38. What is dispersion?

Ans. "The splitting of white light into its seven constituent colours when passing through
a prism is called dispersion.”

39. What is prism?

Ans. A prism is an optical object typically made of glass with triangular and rectangular
sides. It bends light passing through it due to refraction.

40. What are infrared thermometers?

Ans. These devices detect IR radiation emitted by-objects which correlates with their'"
lemperature,

l A. Multiple Choice uestions

Tick (') the correct answer. -
14.1 What type of image is always formed bjd\
(a) Real and inverted - f__‘_.,-—x.,ﬂ \/ (E),

(c) Real and magnified l%jfx\il:\ {“\\ N Virtual and magnified

Dispersion of Light by Prism
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114.2 The optical device which uses a convex lens 10 magnily an ]ect ny W
|.I||

virtual image: 5

(a) camera ° (b) microscope ., (c)) ing g‘%‘\oﬁ‘ prnjectnr
14.3 Which statement best desg s th | non\ al reflection?

(a) Light bends when it en

(b) Light is com ect

" (¢) Light Sh\. it enters a denser medium

(d) Light passes through a medium without changing direction
14.4 A ray of light travelling from water to air bends:

(a) toward the normal (b) away from the normal
(c) at 90° to the normal (d) parallel to the normal
14.5 The optical device which works on the princlpie of mw:rting an image for
projection is:
(a) magnifying glass (b) photograph Enlarg:r
(c) slide projector (d) plane mirror
14.6 What happens to light when it enters an optical fibre?
(a) It is 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

14.7 Which of the following phenomenom explains why a pengﬂ
partially immersed in water? Q { q

(a) Reflection (b) Diffractio ,.j:\/(é
O
Arswers T QLIS
140 (h) 142 () oRAR.VHdb) M5 () 146 (®) 1476
DL Aok veossnsssssonse
| B. Short Answer Questions
14.1 What happens when Iight passes from air to water?
Ans. When light passes from air to water, it slows down and bends toward the normal
because water is optically denser than air.
14.2 Define refractive index. What is the refractive index of air and watcr"
Ans. Refractive Index:
"It is defined as the ratio of the speed of light in air or vacuum 'c' to the speed of
light in the given medium 'v'.
Spaedufjight in air
Speed of light in medium

: @m

) lglter_ﬁ:_rem_:' £Y

Refractive Index =

c
or n'—

The refractive index of air is approxtmatety 1.00 S ’{\j‘j \ H

The refractive index of water is approvimately ﬁ S\E\\‘ a > T

14.3 What is the principle behind npﬂcn
ans. Optical fibers work base&l‘ﬁ gltlv[f{‘

i o e
AN
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trapped inside the core by constantly reflecting GW@ZH@'_ A
greater than the critical angle. ® ﬁf&:\ﬂ ”‘ﬁ \ [ A
14.4 Describe briefly how a convex & fornis a\ \';t\‘ virtual image.
Ans. A convex lens formsa ag %&\he’ object is beyond the focal length and a2
virtual image when \? ectis-within the focal length.
14.5 How d e Power of a lens relate to its focal length?
Ans. Power (P)is the reciprocal of the focal length (f). It is measured in Diopters (D).
|
" f(in meters) |

14.6 Write Snell's law and define the terms used in the equation.
Ans. Snell's law:

"The ratie of sine of the angle of incidence (i) to the sine of angle of reflection (r)

remains constant for a specific pair of media. This is known as snell's law",

Snell's law is written as-

ny sinB; = n, sinf,
n; is refractive index of the first medium.
8, is the angle of incidence (the angle between the incident ray and the normal to

at angh:s

the surface) A

n, is the refractive index of the second medium. IS f‘é GG_‘)@

8, is the angle of refraction (the ang \-ﬁf@c y and the normal to
the surface). _ \9 “ {

N

14.1 When a pencil is p; $ally dipped in water, it appears bent or broken. What
{ght explains this phenomenon, and how does it relate to changes

Ans. The principle of refraction of light explains this phenomenon. It relates to changes
in speed because light bends when its speed changes as it passes from one-medium
to another.

142 Why can a prism separate white light into its component colours while g plane
glass slab cannot, even though both cause refraction?

Ans. A prism separates white light into its component colours due to dispersion, where
the refractive index of the prism material varies with the wave length of light,
causing different colours to refract at different angles.

A plane glass slab does not Separate colours because the parallel surfaces cause the
light rays to emerge parallel to their original direction, cancelling out the dis ion

effect. B ;F@}{Eﬁ“
14.3 Why does light undergo total internal refleetion \ﬁ?{[ﬁn@‘f?ﬁm waterto
air at a certain angle but not the other U ) |
Ans. Light undergoes total in nﬂﬁ?i traveling from water to air at a
certain angle because light § away from the normal when going from a denser

ey N ﬂ"] rHJj G (B =
W WY



to a rarer medium, and at an angle of incidence greater than the critical angie

entirely reflected. It does not happen the Dth ay df&g a@eﬂ {
light bends towards the norma E\J r\ﬁp\a\ f medium, and

| when gmn
thus will always refract into, e
14.4 Optical fibres use tuta! iqt ?E ur slgnal transmission. What would

happen if the er refractive index than the core, and why?

Ans. For an optical wurh the core must have a higher refractive index than the

. cladding to allow total internal reflection. If the cladding had a higher refractive
index , the light would refract out of the core into the cladding instead of reflecting
back, causing total signal loss.

14.5 A person uses a magnifying glass to read small print. What must be the
relationship between the object distance and the focal length of the lens for the
image to be upright and magnified?

Ans. For a convex lens to produce an upright, magnified and wrtual image, the object
distance (p) must bc Icss than the focal length (f) of the lens (p <f) 3

[ D. Descriptive Ouestmns

14.1 Explain the terms; normal, angle of incidence and angle of reflection in the
context of light reflection. Provide a diagram to dlustratc these terms.

Ans. Normal: X C.J @@mu

An imaginary line perpendicular to the ’_;‘
reflecting surface at the point of mc:dence ﬁi\{ K\‘A
e  Angleof inmdence ®: Q :

The angle bet'w
normal.

e Angleofr tmn (r)

The angle between the reflected ray and T IR T BT
the normal. Hmﬂ'hﬂ‘-ﬂ"
14.2 Define the terms critical angle and tutal internal reflection. Explain the

conditions required for total internal reflection to occur.

Ans. For Answer See Q.11

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

Ans. Derivation of the formula for Total Internal Reflection:

To derive a formula for total internal reflection, we start with Snell's law:

n,sini= npsinr

When total internal reflection occurs, the refracted angle becomes 90°. So, the
equation becomes:

n,sini = ny, because sin (90°%) =1 ¢ ; \ p{fﬁﬁ\iﬂ
Now, if 'i' is the critical angle C, the formula besum ﬁt\ E Vo) =
ey Wi b\\ ?\
sin C= " C:]". \j Y’

' AN \\k
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To find the critical angle C, we rearrnnge it as:

c-ar ()

“This only works wheﬁ
to a rarer medium. AT
Ifthe secofid b AN
From
can be founds,
" sinC

This relation only holds true if the light is

refractive index n into air.

el o %ﬁ '
Jf—%.\"ll, 1EL/]
Ay &

\rﬂlﬂ ‘!é e‘ﬁétmust travel from a denser medium

is 2ir (Where n, = 1), the equation becomes. sin C = 1/n
above equation, the refractive index of the first material (demser medium)

moving from a denser medium with

14.4 Describe the structure of an optical fibre. Write its any two advantages.

Ans. For Answer See Q.13,14

14.5 What is long-sightedness? Discuss its causes.

Ans. For Answ:rSec026
E. Numerical Drablems

+ 14.1 The speed of light in water is
2.25%x10%ms-!, Calculate the
refractive index of- water" \ Lf"

Given:

Speed of light in water = vﬁiﬁ

Speed of light Wﬁi %10% ms-!
Required: \

Refractive index (n) =?
Formula: using formula

c
ok
Solution:
By substituting values:
o
Y
_ 3.0x10°ms™
- 2.25x10°ms
n=1.333
Result:

The refractive index (n) of water is I
14.2 A light ray in air (n=
glass surface (n;-—l 5}

incldenc;i,’o

ﬁ@me of
%m ;

ive index of air =n, = 1.0
refractive index of glass =n, =15
Angle of incidence = i =30°
Required:

Angle of n:fractlnn L=
Formula:

n,sin (i) = n, sm(r) -
Solution:
By using snell's law:
n,sin (i) = n, sin(r)
By substituting values:
(1.0) sin(30°) = (1.5) sin(r)
sin (30°) = (1.5) sin(r) e
0.5=1.5sin(r)

So,

—u_-

sin (r) 75
sin(r) = 0.333 2\ \Q "u\

«irts WW

l 1

I&k\ ﬁgfﬂlg[i ass is

Klihtf.l:slng[fz of refraction inside the
19.5°',
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3 A beam of light in air hits a glass |’

ormula:
m, sin (7) = n, sin (r)
lution:
By substituting values.
(1.0) sin (40°) = (1.5) sin (r)
(1.0) (0.6428) = (1.5) sin (r)
0.6428 = (1.5) sin (1)

4 0.6428
sin(r)= 5
sin (r) = 0.4285
Zr =sin"! (0.4285)
Zr =253°
(Rounded to the nearest degree)
ZLr =25°

esult: The angle of refaction Insj
ass is 25°.

angle of refraction in the liquid is
30°.Calculate the refractive index

~ of the liguid.
iven:
Angle of incidence in air = £i = 45°

Angle of refraction in liquid -£r30°
Required:

Refractive index of liquid =n=7_
Formula:
sin(i)
sin(r)

n=
Solution:
_ sin(i)
~ sin(r)
By substituting values:
sm{45°)
5m(30°)

slab at an incidence angle of
40°.Find the angle of refraction
inside the glass.
iven: ®Y rv"-‘*
Inairn, = 1.0 Y\\ \S\
In glass slab n; = i A H\‘ﬂ ol
Angle of incide =40
equired:
Angle of refraction (£r)="7

ﬁi&‘ :
m refective index using
4.4 A ray of light tra i
an unknown »The angle of
incidence in air is 45°, and the

=0 -4 O\
,»J‘”"’

! ’ML} liquid is 1.41

fhght passes from air into a
liqlud 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 ms™ 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.
Given:
. Angle of incidence in air = £i = 50°
Angle of refraction in liquid=£r=32°
Speed of light in vacuum = c=3x10* ms™'
Required:

(a) Refrective index =n="?

(b) Speed of light in the liquid v =?

Formnla \J]Gé\ EC @ﬁ
RE~"

RﬁltD

_sin(i)
sm{r]
_sin(50%)
~sin(32°)
_ 0.7660
17 0.5299
(b) speed of light in liquid,
n=1.45

= 1.45

3x10*ms ™

r” ")\x
e r&\a& VIS

QRS Q\

ﬂ— o?xmﬂms'
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Result:
(@) The refractive index of the Ilql.lld is

" (b) speeduf light in
14.6 Light |
index n = 1.6. It :trlku
the glass-air boundary. Calculate

the critical angle for total internal
reflection.

Given:

Refractive index=n=1.6
Required:

Critical angle =C =2
Formula:

sinC=
inC =

Solution:
Using furmu!a

sinC=

" Sobetkrigts ulu?\\X“\_\\l\J\&%
sin €y

sin C=0.625
C=sin-1 (0.625)
C=38.68°
14.7 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

Sulutlon:
Using formula:

e B

_—= e

f p gq

By substituting values:
L

f= -—lSc ’\d_
37‘%;} COLLENE
&m length (f) of the mirror is -
14.8 An object 30 cm tall is located 10

cm from a concave mirror wit

focal length 16 cm. (a) Where is
image located? (b) How high is it?

Given:
Object height = ho = 30em
Object distance = p = 10.5 ¢m

Focal lengﬂ; =f=16cm
Required:

(a) Image location = q = ?

the mirror? (b) Height of image = hj=7?
Given: | Formula:
Object distance = p=15.0cm (a) lmag: lncatmn (@) @
image distance = q =-7.5 cm ‘a :L Oiﬁ
(for convex rrm-rﬁc:q'};J \ @\A}f}!j
 Required: eight of image(h;)
Focal length = f= 7'~ &\ﬁ@\\ﬂ& =M x ho

e TR\ 1”\\ [ F}iiuu



ution: | length - And(Ehe/imuge
) image location (q) f{@ﬁ the image.
i .
f pa : K\'\“\S\S\B Object distance = p = 30cm
: o Focal lenght = f=~15¢cm -
ek (for concave lens)
L g 50 Required:
qofas image distance =q = ?
By substituing values nature = 7
ST & Formula:
q 16 105 l=l+_l_
1 fpgq
E 0.0625 - 0.0952 PRTOP
I
1_ 00327 Rearrange the farmula
-1 fpgq
q= =-30.58cm =-30.6cm e 3 )
00327 111 o T
b) height of image (h) & %@ E‘;’\{q‘ g;_g e
To find the height, we P&&&%?%&\L 8 i
Magnification. NN R} \S\S\L’ ~q 15 30
H;\JJQUM Five o
M= q 30 30
: 1 3
30-6 — T — —
= ——=29I] 30
M= 105 ';* |
(This means the image is nearly 3 E=_.ﬁ
“mes larger than the object) 4 :
Now, we calculate the height 51“'1‘:" reciprocal
hi.= -M “Ih q s m
=291 x30 y
by = 251 The image distance is — 10cm
s The image is virtual and upright
st formed on the same side of the }hgm
(a) The image is located at — 30.6cm J {f;;*\ @@J {0
(b) The leight of image is 87.3 cm. Q A : C.10
14.9 An object is placed at ?\Q@ 23
left of a concave Ienﬂ =

U\



