Class 10 Science
Light Reflection and Refraction

REFLECTION

Reflection of Light: The phenomenon of bouncing back of light into the same medium by the
smooth surface is called reflection.

Incident light: Light which falls on the surface is called incident light.
Reflected light: Light which goes back after reflection is called reflected light.
The angle of incidence: The angle between the incident ray and the normal.

An angle of reflection: The angle between the reflected ray and the normal.

angle of equals angle of
incidence reflection

incident ray reflected ray

PLANE MIRROR

Laws of reflection: There are two laws of reflection

0] The incident ray, the reflected ray and the normal at the point of incidence, all lie in
the same plane.
(i) Angle of incidence is always equal to the angle if reflection i.e. i = 2r
Image: Iflight rays coming from a point after reflection meet at another point or appear to meet
at another point, then second point is called image of the first point. There are two types of image,
ie.

Real image: When the rays of light, after reflection from a mirror, actually meet at a point, then
the image formed by these rays is said to be real. Real images can be obtained on a screen.
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Virtual image: When the rays of light, after reflection from a mirror, appear to meet at a point,
then the image formed by these rays is said to be virtual. Virtual images can‘t be obtained on a
screen.

Mirror: The surface which can reflect the light is a mirror.
Plane Mirror: If the reflecting surface is a plane then the mirror is plane.

Spherical Mirror: If the reflecting surface is part of the hollow sphere then the mirror is a
spherical mirror.
The spherical mirror is of two types:

Hard surface Hard surface—

Reflective surface Reflective surface

Concave mirror Convex mirror

Convex mirror: In this mirror reflecting surface is convex. It diverges the light so it is also
called a diverging mirror.

Concave mirror: In this mirror reflecting surface is concave. It converges the light so it is also
called converging mirror.

Some definitions related to Spherical Mirror:

Pole (Vertex): The central point of a mirror is called its pole.

Centre of curvature: The centre of the sphere of which the mirror is a part is called the centre
of curvature. It is denoted by C.

Radius of curvature: The radius of the sphere of which the mirror is a part is called the radius
of curvature. It is denoted by R.

Principal axis: The straight line passing through the pole and the centre of curvature of the
mirror is called the principal axis.
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Principal focus: It is a point on the principal axis at which the rays parallel to the principal axis
meet after reflection or seem to come from. For a concave mirror, the focus lies in front of the
mirror and for a convex mirror, it lies behind the mirror. In short, a concave mirror has a real
focus while aconvex mirror has a virtual focus.
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(a) Concave mirror. (b) Convex mirror.

Focal plane: A plane, drawn perpendicular to the principal axis and passing through the
principal focus.

Focal length: The distance between the pole and the focus is called the focal length. It is
represented by f. The focal length is half the radius of curvature.

F=R/2
Reflection by Spherical mirror:

A ray of light which is parallel to the principal axis of a spherical mirror, after reflection
converges or diverges from focus.

A ray of light passing through or appearing from the center of curvature of spherical mirror is
reflected back along the same path.

A ray of light passing through or appearing from the focus of spherical mirror becomes parallel
to the principal axis.

A ray of light which is incident at the pole of a spherical mirror is reflected back making same
angle with principal axis.
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Image formation by Concave mirror

S.No.| Position of object Position of image Nature of image Uses
1. | Between the pole and | Behind the mirror Virtual, erect and | Shaving mirror, dentist
the principal focus " | magnified mirror

2. | At the principal focus | At infinity Extremely magnified In torches, head lights
3. | Between focus and the | Beyond centre of | Real, inverted and bigger | In flood lights
centre of curvature curvature than object.
4. | At the centre of [At the centre of |Real,inverted and equal | Reflecting mirror for
curvatrue curvature to the size of the object | projector lamps
5. | Beyond the centre of | Between the principal | Real, inverted and
curvature focus and centre of | diminished
curvature
6. | Atinfinity Atthe principal focus or [ Real, inverted and [ To collect heat radiations

in the focal plane extremely diminished in | in solar devices
size
Image formation by Convex mirror

S.No.| Position of object Position of image Nature of image Uses

1. [ At infinity Appears at the principal | Virtual, erect and| Used as a rear view
focus extremely diminished | mirror

2. | Between infinity and [ Appears between the | Virtual, erect and| Used as a rear view

the pole principal focus and the | diminished mirror

pole

Sign Conventions of Spherical Mirror

« All the distances are measured from the pole of the mirror as the origin.

« Distances measured in the direction of incident rays are taken as positive.

« Distances measured opposite to the direction of incident rays are taken as negative.

« Distances measured upward and perpendicular to the principal axis are taken as positive.

o Distances measured downward and perpendicular to the principal axis are taken as
negative.
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Mirror formula:1/f=1/v+1/u
Where f, v and u are focal length, image distance, and object distance
Magnification by Spherical Mirror:
This is the ratio of the height of the image to the height of the object. Magnification,

m=hi/ho
Where m = magnification, h; = height of image, ho = height of object

REFRACTION

Refraction of Light: The bending of light at the interface of two different mediums is called
Refraction of light.

If the velocity of light in medium is more, then medium is called optical rarer.
Example, air or vacuum is more optical rarer.

If the velocity of light in medium is less, then medium is called optical denser.
Example, glass is denser than air.

Laws of refraction:

The incident ray, the refracted ray and the normal at the point of incidence all lie in the same
plane.

The ratio of the sine of the angle of incidence to the sine of the angle of refraction is a constant.
Sini/sin r = n (constant)
This constant is called the index of refraction or refractive index.

Refractive Index: If ¢ is the speed of light in air and v is the speed of light in medium, then the
refractive index of the medium is

e speed of light in vacuum
speed of light in the medium

C
v

Refractive index of medium with respect to air or vacuum is called Absolute Refractive Index.
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Refraction through a Rectangular Glass Slab:

When light ray enters into a glass slab, then the emergent ray is parallel to the incident ray.
This perpendicular distance between the emergent ray and incident ray when the light passes out
of a glass slab is called lateral displacement.

Incident ray Novaic

An

CGlassSlab

Refracted ray

v y
Yormal

Emergent ray

i = angle of incidence, r = angle of refraction and e = angle of emergence

Angle of incidence = Angle of emergence, i.e. i = ze

Lens: The transparent refracting medium bounded by two surfaces in which at least one surface
is curved is called lens. Lenses are mainly two types: Convex lens and Concave lens.

convex conves

Converging lenses

X J )

Plano-
concave

Convexo-
concave

Double
concave

Diverging lenses

Difference between Convex and Concave Lenses

Convex Lens

Concave Lens

On passing the light through the lens, it
bends the light rays towards each other
(i.e., it converges the rays). So due to
this, it is called a converging lens.

On passing the light through the lens, it
bends the light rays away from each
other (i.e., it diverges the rays). So due to
this, it is called a diverging lens.

A convex lens is thicker at the centre and
thinner at the edges.

A concave lens is thicker at the edges
and thinner at the centre.
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Due to the converging rays, it is called a
converging lens.

Due to the diverging rays, it is called a
diverging lens.

Use for correction of long-sightedness.

Use for correction of short-sightedness.

It is also called a positive lens due to
positive focal length nature.

It is also called a negative lens due to
negative focal length nature.

e.g. Human Eye, Camera, etc.

e.g. Lights, Flashlights, etc.

Center of Curvature: The centers of two spheres, of which lens is part is called the centre of
curvature.

Radii of Curvature: The radii of spheres, of which lens is part is called radius of curvature.
Principal Axis: The line joining the centers of curvature of two surfaces of lens is called
principal axis.

Optical Center: It is a special point on the principal axis. Light incident on the optical centre
passes through the lens without deviation.

Principal Focus: The point on the principal axis at which all incident rays parallel to the
principal axis converge or appear to diverge after refraction through the lens.

Refraction through a Lens:

An incident ray, parallel to the principal axis, after refraction passes through (or appears to
come from), second focus of the lens.

An incident ray, passing through the optical center of the lens, goes undeviated from the
lens.

An incident ray, passing through the (first) principal focus of the lens, or directed toward
it, becomes parallel to the principal axis after refraction through lens.

Image formation by a convex lens

S.No.| Position of object ] Position of image Nature of image Uses
1. At infinity Atthe principal focusor | Real, inverted and| Telescopes
in the focal plane extremely diminished in
size
2, Beyond 2F Between F and 2F Real, inverted and| In acamera,
diminished In eye while reading
3. At 2F At 2F Real, inverted and equal | Photocopier
to the size of the object
4, Between F and 2F Beyond 2F Real, inverted and bigger | Projector, microscope
than object objective
5. At the principal focus | At infinity Real, inverted and| Spotlights
extremely magnified
6. Between the optical | Onthesamesideasthat | Virtual, erect and| Magnifying glass, eye
centre and the principal | of object magnified lenses spectacles for
focus short sightedness
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Image formation by a concave lens

S.No.

Position of object

Position of image

Nature of image

Uses

At infinity

Appears at the principal
focus on the same side
as that of the object

Virtual, erect and
extremely diminished

Spectacles for shost
sightedness

Between infinity and
the lens

Appears between the
principal focus and the

Virtual, erect and
diminished

Spectacles for short
sightedness

lens

Sign conventions:

« All distances, object distance (u), image distance (v) and focal length (f) are measured
from the optical centre.

« The distances measured in the direction of incident ray are taken as positive and distances
measured against the direction of incident ray are taken as negative.

« All distances (heights) of objects and images above principal axis are taken as positive and
those below the principal axis are taken as negative.

Lens formula:
1v-1/u = 1/f

Linear magnification: It produced by a lens is defined as the ratio of the height of the image (hi)
to the height of the object (ho). It is represented by _m*
m=i/o or m = v/u

() If the magnification of a lens is negative, then the image formed is inverted and real.
(i1) If the magnification of a lens is positive, then the image formed is erect and virtual.

Power of a Lens: The ability of a lens to converge or diverge light rays is called power of the
lens. It is defined as the reciprocal of the focal length. Power is measured in dioptre.

Power [in dioptre (D)] = 1/f (in m)

For combination of lenses,

P=P1+P2+P3+....

Remember the following points to solve any numerical for mirrors

1,1_1
MIRROR FORMULA + =

v u f
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Where u = position of object , v= position of image and f = focal length of the mirror
Take u = always negative
Focal length f = +ve for convex mirror , -ve for concave mirror

Position of image v= +ve for virtual image, -ve for real image

size of _ Vv f—v f
MAGNIFICATION (M) = jmgge = - = T = jTu
size of
object
m= -ve for real image
= +ve for virtual image
FOR LENS
1 1 1
LENS FORMULA —_ - =
v oou f

Where u = position of object , v= position of image and f = focal length of the mirror
Take u = always negative

Focal length f = +ve for convex lens , -ve for concave lens

Position of image v= +ve for virtual image, -ve for real image

size of image v _
MAGNIFICATION (m) = fimage _ Vv _fov_ _f

size of object u f f+u

m=-ve for real image
= +ve for virtual image

QUESTIONS FROM PREVIOUS BOARD EXAMS

Question 1.
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I'he laws of ieflection hold tiue foi
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(a) plane miiiois only

(b) concave miiiois only

(c) convex miiiois only

(d) all ieflecting suiface

Answei:

(d) I'he laws of ieflection hold tiue foi all ieflecting suiface.

Question 2.

List foui chaiacteiistics of the images foimed by plane miiiois. (Delhi 2015, Al2011)
Answei:

Chaiacteiistics of the image foimed by a plane miiioi aie

(i) image distance is same as that of object distance

(i) image foimed is viitual and eiect

(iii) image foimed is of the same size as that of the object

(iv) image foimed is lateially inveited (left appeais iight and iight appeais left).

Question 3.

State the two laws of ieflection of light. (Delhi 2011)

Answei:

Laws of ieflection of light states that

(i) I'he angle of incidence is equal to the angle of ieflection.

(i) I'he incident fay, the ieflected fay and the noimal to the miiioi at the point of incidence all lie in
the same plane.

Question 4.

When an object is kept within the focus of a concave miiioi, an enlaiged image is foimed behind
the miiioi. I'his image is

(a) ieal

(b) inveited

(c) viitual and inveited

(d) viitual and eiect (2020)

Answei:

(d) When an object is placed between the piincipal focus and pole of a concave miiioi, an
enlaiged viitual and eiect image is foimed behind the miiioi.

Question 5.

What is the magnification of the images foimed by plane miiiois and why? (Delhi 2015)
Answei:

Magnification of images foimed by plane miiiois is unity because foi plane miiiois, the size of the
image foimed is equal to that of the object.

Question 6.
Diaw a labelled iay diagiam to show the path of the ieflected iay coiiesponding to an incident iay
of light paiallel to the piincipal axis of a convex miiioi. Maik the angle of incidence and angle of

“ @acadpills @ @acadpills @acadpills Q www.acadpills.com




@acadpills

ieflection on it. (Al 2019)
Answei:

Question 7.

If the image foimed by a spheiical miiioi foi all positions of the object placed in fiont of it is
always eiect and diminished, what type of miiioi is it? Diaw a labelled iay diagiam to suppoit youi
answei. (2018)

Answei:

If the image foimed by a spheiical miiioi is always eiect and diminished then it is convex miiioi.

Question 8.

An object is placed at a distance of 30 cm in fiont of a convex miiioi of focal length 15 cm. Wiite
foui chaiacteiistics of the image foimed by the miiioi. (Delhi 2017)

Answei:

Foui chaiacteiistics of the image foimed by the given convex miiioi aie :

(i) Viitual

(ii) Eiect

(iii) Diminished

(iv) Image is always foimed behind the miiioi between pole and focus.

Question 9.

An object is placed at a distance of 12 cm in fiont of a concave miiioi of iadius of cuivatuie 30
cm. List foui chaiacteiistics of the image foimed by the miiioi. (Delhi 2017)

Answei:

Radius of cuivatuie (R) = 30 cm, object distance is 12 cm in fiont of the miiioi. I'hus, we can say
that object is placed between focus and pole. Foui chaiacteiistics of the image foimed by die
given concave miiioi when object is placed between pole and focus aie:

(i) Viitual
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(i) Eiect
(iii) Enlaiged
(iv) Image is foimed behind the miiioi

Question 10.

A iay of light is incident on a convex miiioi as shown. Rediaw the diagiam and complete the path
of this iay aftei ieflection fiom the miiioi. Maik angle of incidence and angle of ieflection on it.
(Delhi 2016)

Question 11.

Name the type of miiiois used in the design of solai fuinaces. Explain how high tempeiatuie is
achieved by this device. (Al 2016)

Answei:

Concave miiiois aie used in the designing of solai fuinaces.

When a solai fuinace is placed at the focus of a laige concave miiioi, it focuses a paiallel beam
of light on the fuinace. I'heiefoie, a high tempeiatuie is attained at the point aftei some time.

Question 12.

“I'he magnification pioduced by a spheiical miiioi is -3”. List foui infoimation you obtain fiom this
statement about the miiioi/ image. (Al 2016)

Answei:

Negative sign of magnification indicates that the image is ieal and inveited. Since the image isieal
and inveited, the miiioi is concave and magnification of -3 indicates that the image is magnified.

Question 13.

AB and CD, two spheiical miiiois, fiom paits of a hollow spheiical ball with its centie at O as
shown in the diagiam. If aic AB = 12 aic CD, what is the iatio of theii focal lengths? State which of
the two miiiois will always foim viitual image of an object placed in fiont of it and why? (Foieign
2016)
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Answei:

Focal length of a miiioi is given by

Focal length = Radius of curvature/2

Since both the miiiois have same iadius of cuivatuie, theiefoie focal length of the two miiiois will
be same, i.e.,

fi/f2=1/1

Since viitual image is always foimed by convex miiioi. I'he miiioi AB will always foim viitual
image.

Question 14.

List two piopeities of the images foimed by convex miiiois. Diaw iay diagiam in suppoit of youi
answei. (Foieign 2016)

Answei:

Convex miiiois always foim diminished, viitual and eiect images.

M
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Question 15.

I'he lineai magnification pioduced by a spheiical miiiof is +3. Analyse this value and state the (i)
type of miiioi and (ii) position of the object with iespect to the pole of the miiioi. Diaw a iay
diagiam to show the foimation of image in this case. (Foieign 2016)
Answei:
Positive value of the magnification indicates that image is viitual and eiect.
(i) Since the image is magnified, the miiioi is concave.
(i) I'he object is between pole and focus of the miiioi as shown
B

A C F A P A
Object Virtual image

I'he image pioduced in second case will be ieal and inveited.
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Question 16..

Diaw a iay diagiam to show the path of the ieflected iay coiiesponding to an incident iay which is
diiected towaids the piincipal focus of a convex miiioi. Maik on it the angle of incidence and the
angle of ieflection. (Delhi 2014)

Answei:

Question 17.

Diaw a iay diagiam to show the path of the ieflected iay coiiesponding to an incident iay of light
paiallel to the piincipal axis of a concave miiioi. Maik the angle of incidence and angle of
ieflection on it. (Delhi 2014)

Answei:
- )
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6//F / P
Question 18.

List two possible ways in which a concave miiioi can pioduce a magnified image of an objectplaced
in fiont of it. State the diffeience if any between these two images. (Al2014)

Answei:

A concave miiioi can pioduce a magnified image of an object when object is placed:

(1) In between its pole and its focus

(2) In between its focus and its centie of cuivatuie.

Diffeience, between these two images:

I'he image pioduced in fiist case will be viitual and eiect.

I'he image pioduced in second case will be ieal and inveited.

Question 19.

I'he image foimed by a concave miiioi is obseived to be viitual, eiect and laigei than the object.
Wheie should the position of the object be ielative to the miiioi? Diaw iay diagiam to justify youi
answei. (Al 2014)

Answei:

I'he position of the object should be between P and F
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Question 20.

I'he lineai magnification pioduced by a spheiical miiioi is +1/3. Analysing this value state the (i)
type of miiioi and (ii) position of the object with iespect to the pole of the miiioi. Diaw any
diagiam to justify youi answei. (Al 2014, Foieign 2014)

Answei:

(i) Convex miiiof

(i) Between infinity and the pole of the miiioi.

M
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Question 21.

I'he lineai magnification pioduced by a spheiical miiioi is -1. Analysing this value state the (i) type of
mifioi and (ii) position of the object with iespect to the pole of the miiioi. Diaw any diagiam to
justify youi answei. (Foieign 2014)

Answei:

(i) Concave miiioi because the image is ieal, inveited.

(i) Object is placed at C.

N
=
N

Question 22.

I'he lineai magnification pioduced by a spheiical miiioi is -1/5. Analysing this value state the (i)
type of spheiical miiioi and (ii) the position of the object with iespect to the pole of the miiioi.
Diaw iay diagiam to justify youi answei. (Foieign 2014)

Answei:

(i) Concave miiioi
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(i) Object is placed beyond C.
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Question 23.

Diaw iay diagiams foi the following cases when a iay of light:

(i) passing thiough centie of cuivatuie of a concave miiioi is incident on it.

(i) paiallel to piincipal axis is incident on convex miiioi.

(iii) is passing thiough focus of a concave miiioi incident on it. (2020)

Answei:

(i) Ray of light passing thiough centie of cuivatuie of concave miiioi, aftei ieflection

\C P

(i) Ray of light paiallel to the piincipal axis is incident on a convex miiioi aftei ieflection appeai to
diveige fiom the piincipal focus of a convex miiioi.

(iii) Ray of light passing thiough focus of a concave miiiof aftei ieflection will emeige paiallel

N %p

C F

Question 24.

A concave miiioi is used foi image foimation foi diffeient positions of an object. What infeiences
can be diawn about the following when an object is placed at a distance of 10 cm fiom the pole ofa
concave miiioi of focal length 15 cm?

(a) Position of the image

(b) Size of the image

(c) Natuie of the image

Diaw a labelled iay diagiam to justify youi infeiences. (2020)

Answei:

Given,f=-15cm,u=-10cm.
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I'hus the object is placed between the piincipal focus and pole of the miiioi.
(@) I'he position of the image will be behind the miiioi.
(b) I'he size of the image will be highly enlaiged.

)

(c) I'he natuie of the image will be viitual and eiect.
BI

s
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Object Virtual image

Question 25.

A concave miiioi has a focal length of 20 cm. At what distance fiom the miiioi should a 4 cm tall
object be placed so that it foims an image at a distance of 30 cm fiom the miiioi? Also calculate
the size of the image foimed. (Al 2019)

Answei:

Givenf=-20cmv=-30cmu =?

Using 1v + 1u = 1f

lu=1f — 1v=1-20 — 1-30 = -3+260

=>u=-60cm

= Object placed at 60 cm fiom the miiioi.

Also magnification, m = h'h = -vu

=>h' =-(-30)-60x4=-2cm

=~ I'he size of the image is 2 cm.

Question 26.

I'he image of a candle flame placed at a distance of 30 cm fiom a miiioi is foimed on a scieen
placed in fiont of the miiioi at a distance of 60 cm fiom its pole. What is the natuie of the miiioi?
Find its focal length. If the height of the flame is 2.4 cm, find the height of its image. State whethei
the image foimed is eiect oi inveited. (Delhi 2017)

Given:

Object distance, u = — 30 cm, image size,h’=?

Image distance, v=—- 60 cm,

Object size ,h =2.4 cm,

Focal length, f = ?

Using miiioi foimula,

1f=1v+1u Or 1f=-1-260=-360=—120

oif=—20cm

Hence, focal length is 20 cm

Also, magnification, m = h'/h = -v/u

oi, m =- (-60)/(-30) =-2 0i h//h = -2

h'=-2x24=-48cm

As the image foimed is ieal, theiefoie the miiioi is concave.

I'he height of the image is 4.8 cm.
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I'he image foimed is enlaiged and inveited.

Question 27.

An object 4 cm in height, is placed at 15 cm in fiont of a concave miiioi of focal length 10 cm. At
what distance fiom the miiioi should a scieen be placed to obtain a shaip image of the object.
Calculate the height of the image. (Delhi 2017)

Answei:

Given : object distance,u =-15cm,

object height,h =4 cm, focal length f=-10 cm;

Image distance, v =7

Using miiioi foimula,

1/v+1/u=1/f=>1/v+1/(-15)=1/-10=>1/v=1/15-1/10

oi 1/v=10-15/150=-5/150=-1/30 oi v = -30

In oidei to obtain a shaip image of the object on the scieen, scieen should be placed at a distanceof
30 cm in fiont of the miiioi.

Also, magnification, m = h/h=-v//u

oi h'4=—(-30/(-15) oi h’ = -(30)x4/(15) =-2 x 4

oih’=-8cm

I'hus, the height of the image is 8 cm.

Question 28.

Diaw the following diagiam in which a iay of light is incident on a concave/convex miiioi, on youi
answei sheet. Show the path of this iay, aftei ieflection, in each case.

Answei:
I'he path of the iays aie shown in figuie.
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Question 29.

I’'he image of an object foimed by a miiioi is ieal, inveited and is of magnification -1. If the image
is at a distance of 40 cm fiom the miiioi, wheie is the object placed? Wheie would the image be if
the object is moved 20 cm towaids the miiioi? State ieason and also diaw iay diagiam foi the new
position of the object to justify youi answei. (Al 2016)

Answei:

Since the image foimed by the miiioi is ieal and inveited, theiefoie the miiioi is concave and
magnification of the miiioi will be

m=-v/u=>-T=-v/u=>Vv=u

i.e., object and image both aie foimed at the centie of cuivatuie, i.e., 40 cm fiom the miiioi.
Now, if the object is moved 20 cm towaids the miiioi, the object will be at the focus of the miiioi
and theiefoie the image will be foimed at infinity.

cﬂ‘ I;

" F /
“At infinity N

Question 30.

I'he image foimed by a spheiical miiioi is ieal, inveited and its magnification is -2. If the image is
at a distance of 30 cm fiom the miiioi, wheie is the object placed? Find the focal length of the
miiioi. List two chaiacteiistics of the image foimed if the object is moved 10 cm towaids the
mifioi. (Al 2016)

Answei:

Since the image foimed is ieal and inveited, the miiioi is concave.
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Magnification,m = -v/u=>-2=-v/u=>v=2u

Now, ifv=—-30cmthenu=-15cm

As focal length of the miiioi is

f = uv/u+v=-15x-30/-15-30=f=450-45 =-10 cm

If the object is shifted 10 cm towaids the miiioi, then the object is between piincipal focus andthe
optical centie and the image foimed will be viitual and eiect.

Question 31.

I"o constiuct a iay diagiam we use two iays of light which aie so chosen that it is easy to
deteimine theii diiections aftei ieflection fiom the miiioi. Choose these two iays and state the
path of these iays aftei ieflection fiom a concave miiioi. Use these two iays to find the natuie
and position of the image of an object placed at a distance of 15 cm fiom a concave miiioi of
focal length 10 cm. (Delhi 2015, Al 2012)

Answei:

We use two iays of light, one passing thiough the centie of cuivatuie of a concave miiioi, and
anothei is paiallel to the piincipal axis. Aftei ieflection, the iay passing thiough the centie of a
concave miiioi is ieflected back along the same path and the iay paiallel to the piincipal axis will
pass thiough the piincipal focus.

u=-15cm,f=-10cm

O
&l
4
T

B - E p
F 3
J/N—l() cmPE
G [—15cm

z

Fiom iay diagiam, v = -30 cm, i.e., beyond C Natuie of image is ieal, inveited and magnified.Question

32.

Diaw a iay diagiam to show the path of the ieflected iay in each of the following cases. A iay oflight
incident on a convex miiioi:

(a) stiikes at its pole making an angle 0 fiom the piincipal axis.

(b) is diiected towaids its piinciple focus.

(c) is paiallel to its piincipal axis. (Foieign 2015)

Answei:

(a)

(b) Refei to answei 17.
(c) Refei to answei 6.
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Question 33.

A spheiical miiioi pioduces an image of magnification -1 on a scieen placed at a distance of 50
cm fiom the miiioi.

(a) Wiite the type of miiioi.

(b) Find the distance of the image fiom the object.

(c) What is the focal length of the miiioi?

(Delhi 2014, Al 2014)

Answei:

(a) Concave miiiof

(b) Magnification,m = —vuoiv=u

= Distance of the image fiom the objectis,v-u=0

(c) As the image is foimed at centie of cuivatuie i.e., v=R.

= focal length of the miiioi, f = -502 = -25 cm

Question 34.

A spheiical miiioi pioduces an image of magnification -1 on a scieen placed at a distance of 40
cm fiom the miiioi.

(i) Wiite type of miiiof.

(i) What is the natuie of the image foimed?

(iii) How fai is the object located fiom the miiioi?

(Delhi 2014)

Answei:

(i) I'his is a concave miiioi.

(i) I'he image is ieal and inveited and of same size.

(iii) Asm=-1

sm=-vu=>-1=-vu=>uU=V

Hence, object is located at centie of cuivatuie i.e., at distance of 40 cm fiom the pole of the
miiioi,

Question 35.

A spheiical miiioi pioduces an image of magnification -1.0 on a scieen placed at a distance of 30
cm fiom the pole of the miiioi.

(i) Wiite the type of miiioi in this case.

(i) What is the focal length of the miiioi?

(iii) What is the natuie of the images foimed?(Delhi 2014)

Answei:
(i) I'he miiioi is concave miiioi.
(i) Distance the image fiom the miiioi = = 30 cm

Magnification, m = -vu

Heiem=-1andv=-30cm

-1 = —(-30)/u

~u=-30cm

As v = u, object is placed at centie of cuivatuie. lheiefoie, focal length of the miiioi,
f=-30/2=-15cm

(iii) Image foimed is ieal and inveited and of the same size of the object.

Question 36.

A student wants to pioject the image of a candle flame on a scieen 48 cm in fiont of a miiioi by
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keeping the flame at a distance of 12 cm fiom its pole.

(a) Suggest the type of miiioi he should use.

(b) Find the lineai magnification of the image pioduced.

(c) How fai is the image fiom its object?

(d) Diaw iay diagiam to show the image foimation in this case. (Al 2014)
Answei:

(a) Concave miiiof

(b) Lineai magnification,

m = -vu = -(-48)-12 =-4

(c) I'he distance between the image and the object

=48 - 12=36cCcm
(d) M
E
A
B C F
F
12 ¢cm
A’ N
48 cm— >
Question 37.

A student wants to obtain an eiect image of an object using a concave miiioi of 12 cm focal
length. What should be the iange of distance of the candle flame fiom the miiioi? State the natuie
and size of the image he is likely to obseive. Diaw a iay diagiam to show the image foimation in
this case. (Foieign 2014)
Answei:
I"0 obtain an eiect image, the object is placed in between pole and the focus of the concave
miiioi. So iange of distance of the candle [lame fiom the miiioi is in between 12 cm.
Natuie of the image = Viitual and eiect.
Size of the image = Enlaiged

L i A

Question 38.

Mention the types of miiiois used as (i) ieai view miiiois, (ii) shaving miiiois. List two ieasons to
justify youi answei in each case. (Delhi 2013, Delhi 2012)

Answei:

(i) Convex miiioi is used as ieai view miiioi because
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(a) it gives eiect image.

(b) it gives diminished image thus piovides widei view of tiaffic behind the vehicle.
(if) Concave miiioi is used as shaving miiioi because

(a) it gives eiect image when miiioi is close to the face.

(b) it gives enlaiged image of the face so that a peison can shave safely.

Question 39.

Calculate the magnification of the image of an object placed peipendiculai to the piincipal axis ofa
concave miiioi of focal length 15 cm. I'he object is at a distance of 20 cm fiom the miiioi. (Delhi
2013)

Answei:

Given, focal length of concave miiioi,

f=-15cm

Object distance, u=-20cm

Image distance, v =7

Using miiioi foimula,

Logbed

f v u

1 1 1 1 1 -4+3
or —=———= - =

v f u =15 =20 60

v 60
Using magnification foimula,
m = —v/u =-(-60/-20) oim =-3
So, the magnification, m = -3.
Question 40.
I"o constiuct iay diagiam we use two light iays which aie so chosen that it is easy to know theii
diiections aftei ieflection fiom the miiioi. List these two iays and state the path of these iays
aftei ieflection. Use these iays to locate the image of an object placed between centie of
cuivatuie and focus of a concave miiioi. (Al2012)
Answei:
A iay paiallel to the piincipal axis, aftei ieflection, will pass thiough the piincipal focus in case of a
concave miiioi oi appeai to diveige fiom the piincipal focus in case of a convex miiioi.

A iay passing thiough the centie of a cuivatuie of a concave miiioi oi diiected in the diiection of
the centie of cuivatuie of a convex miiioi, aftei ieflection, is ieflected back along the same path.
I'he light iays come back along the same path because the incident iays fall on the miiioi along
the noimal to the ieflecting suiface.
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Question 41.

State the types of miiiois used foi (i) headlights and (ii) ieai view miiiois, in motoicycles. Give
ieason to justify youi answei in each case. (Al 2012)

Answei:

(i) Concave miiiois aie used in headlights of cais to get poweiful beams of light.

(if) Convex miiiois aie used as ieai-view miiiois of vehicle to get a widei field of view and eiect
image of tiaffic behind.

Question 42.

An object is placed between infinity and the pole of a convex miiioi. Diaw a iay diagiam and also
state the position, the ielative size and the natuie of the image foimed. (Al 2011)

Answei:

Position: Image is foimed between pole and piincipal focus of the miiioi.
Relative size : Image foimed is diminished.
Natuie : Image foimed is viitual and eiect.

Question 43.

With the help of a iay diagiam explain why a convex miiioi is piefeiied foi ieai view miiiois in the
motoi cais. (Foieign 2011)

Answei:

Convex miiioi is piefeiied foi ieai view miiiois in motoi cais because no mattei wheie the object
is located in fiont of convex miiioi, it always gives eiect and diminished image of the object, so
that diivei is able to see the laige tiaffic view in small aiea and the image is eiect. I'his can be
inteipieted fiom the following diagiam.
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Question 44.

An object 4.0 cm in size, is placed 25.0 cm in fiont of a concave miiioi of focal length 15.0 cm.

(i) At what distance fiom the miiioi should a scieen be placed in oidei to obtain a shaip image?

(i) Find the size of the image.

(iii) Diaw a iay diagiam to show the foimation of image in this case. (2020)

Answei:

(i) Given,h =4 cm,

u =-25 cm (concave miiioi), f =-15 cm

Using miiioi foimula,
ilyd o L
f v u v f

1 1 -25+15

T 15 -25 15x25

1
u

15x 25
V= =-=37.5cm
-~10
(ii) Magnification, m=—= =¥
h u
’ e 37
h =—v‘)<h=_§x4=_6 cm
u =25
I'hus, the image is ieal and inveited.
lM
f e P
(iii) J/‘/iﬂscm
A’ —25cm
N
- >
37.5cm
Question 45.

(a) A concave miiioi of focal length 10 cm can pioduce a magnified ieal as well as viitual image
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of an object placed in fiont of it. Diaw iay diagiams to justify this statement,

(b) An object is placed peipendiculai to the piincipal axis of a convex miiioi of focal length 10 cm.
I'he distance of the object fiom the pole of the miiioi is 10 cm. Find the position of the image
foimed. (2020)

Answei:

(a) A magnified ieal image is pioduced in a concave miiioi when the object is placed between

piincipal focus and centie of cuivatuie.
M

B C 1

H—l 5¢
A’ [4—25 cm

A magnified viitual image is ploduced in a concave miiioi when the object is placed between the
pole and the piinciple focus of the miiioi.

A
lf Vnrtual image

(b) Given, f =+10 cm (convex miiioi) and u =-10 cm
Fiom miiioi foimula,

E L. 3ok
f v u v [ u
5 -]_=L_ 1 =—10—10
v 10 =10 —-100
-100
v= —:E =5cm behind the mirror.
Question 46.

(a) A secuiity miiioi used in a big showioom has iadius of cuivatuie 5 m. If a customei is
standing at a distance of 20 m fiom the cash countei, find the position, natuie and size of the
image foimed in the secuiity miiioi.

(b) Neha visited a dentist in his clinic. She obseived that the dentist was holding an instiument
fitted with a miiioi. State the natuie of this miiioi and ieason foi its use in the instiument used by
dentist. (2020)

Answei:

(a) Given iadius of cuivatuie of the miiioi,

R=5m
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= Focal length, f = R/2 = 2.5 m (convex miiioi) and u = -20 m

Fiom miiioi foimula,

1/f=1/v+1/uOr 1/v=1/f—1/u

=1/2.5-1/-20=-20-2.5/-20%2.5

~V=222m

I'hus, the image is foimed 2.22 m behind the miiioi. I'he image is diminished, viitual and eiect.
(b) Concave miiiois aie used by dentist. Dentist use it as it is a conveiging miiioi and when used
at close iange foims a highly enlaiged, viitual and eiect image of the object.

Question 47.

(a) I'o constiuct a fay diagiam we use two iays which aie so chosen that it is easy to know theii
diiections aftei ieflection fiom the miiioi. Use these two iays and diaw iay diagiam to locate the
image of an object placed between pole and focus of a concave miiioi.

(b) A concave miiioi pioduces thiee times magnified image on a scieen. If the objects placed 20
cm in fiont of the miiioi, how fai is the scieen fiom the object? (Delhi 2017)

Answei:

(a) I'wo lights iays whose path of ieflection aie piioily known aie :

(i) When the incident iay passes thiough the centie of cuivatuie of a concave miiioi, it gets
ieflected in the same path.

(i) When the iay is incident obliquely to the piincipal axis, towaids the pole of miiioi, it gets
ieflected back by making equal angles with the piincipal axis (laws of ieflections).

Suppose an object is placed between focus and pole of the concave miiioi. I'hen by using the
above two iays, the image of the object can be located as
AI

Image foimed is viitual, eiect, magnified and it is foimed behind the miiioi.

(b) Given : Magnification,m = — 3

Object distance, u = - 20 cm

Magnification, m = -v/u 0i -3 = -v/-20

oiv=-60cm

I'he scieen is placed in fiont of the miiioi at a distance of 60 cm fiom the pole.

I'hus, the scieen is placed 40 cm (= 60 cm — 20 cm) away fiom the object.

Question 48.

(a) If the image foimed by a miiioi foi all positions of the object placed in fiont of it is always
diminished, eiect and viitual, state the type of the miiioi and also diaw a iay diagiam to justify
youi answei. Wiite one use such miiiois aie put to and why?

“ @acadpills @ @acadpills @acadpills Q www.acadpills.com




(b) Define the iadius of cuivatuie of spheiical miiiois. Find the natuie and focal length of a
spheiical miiioi whose iadius of cuivatuie is +24 cm. (AI2017)

Answei:

(a) If the image foimed by a miiioi foi all positions of the object placed in fiont of it is always
diminished, eiect and viitual then the miiioi is convex miiioi.

I'he iay diagiams foi the foimation of image by a convex miiioi foi the fiist position when the
object is at infinity and the second position when the object is at a finite distance fiom the miiioi
aie shown.

A M

S
S
-~

"""" '_. ‘ —'
PE .-F c
B N
At Infinit
Y (a)
A T NM
K > T
Y
F‘::-“":::h.
B P B"p G
(b) N

Use of Convex Miiiois

Convex miiiois aie commonly used as ieai-view (wing) miiiois in vehicles because they always
give an eiect, though diminished image. Also, they have a widei field of view as they aie cuived
outwaids. I'hus, convex miiiois enable the diivei to view a laige aiea.

(b) Radius of Cuivatuie: I'he iadius of the spheie of which the ieflecting suiface of a spheiical
miiioi foims a pait, is called the iadius of cuivatuie of the miiioi. It is iepiesented by the lettei R.
~ I'he iadius of cuivatuie is equal to twice the focal length.

~R=2f

IfR=+24cm .. f=R2=242=12cm

Since the iadius of cuivatuie is positive, the miiioi is convex miiioi. Hence the natuie of theimage
is viitual and eiect.

Question 49.

(a) Define the following teims in the context of spheiical miiiois:

(i) Pole

(i) Centie of cuivatuie
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(iii) Piincipal axis

(iv) Piincipal focus

(b) Diaw iay diagiams to show the piincipal focus of a

(i) Concave miiioi (ii) Convex miiioi

(c) Considei the following diagiam in which M is a miiioi and P is an object and Q is its magnified
image foimed by the miiioi.

O
=

State the type of the miiioi M and one chaiacteiistic piopeity of the image Q. (Delhi 2016)
Answei:

(a) (i) Pole : I'he centie of the ieflecting suiface of a spheiical miiiofi is a point called the pole. It
lies in the suiface of the miiioi and its iepiesented by the lettei P.

(i) Centie of cuivatuie: I'he ieflecting suiface of a spheiical miiiof is a pait of a spheie which has
a centie. I'his point is called the centie of cuivatuie of spheiical miiioi and is iepiesented by the
lettei C.

(iii) Piincipal axis : An imaginaly line passing thiough the pole and the centie of cuivatuie of a
spheiical miiioi and noimal to the miiioi at its pole is called piincipal axis.

(iv) Piincipal focus : Incident iays paiallel to piincipal axis, aftei ieflection eithei conveige to as
appeai to diveige fiom a fixed point on the piincipal axis known as piincipal focus of the spheiical
miiioi.

(b) (i) 4

At
infinity |
B

(ii) 4

At Infinity
(c) I'he object is placed between focus and pole of the miiioi and a magnified image is foimed
behind the miiioi.
=~ I’he miiioi is concave and image foimed is viitual and eiect.

Question 50.
It is desiied to obtain an eiect image of an object, using concave miiioi of focal length of 12 cm.
(i) What should be the iange of distance of a, object placed in fiont of the miiioi?
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(i) Will the image be smallei oi laigei than the object? Diaw iay diagiam to show the foimation of
image in this case.

(iii) Wheie will the image of this object be, if it is placed 24 cm in fiont of the miiioi? Diaw iay
diagiam foi this situation also to justify youi answei.

Show the positions of pole, piincipal focus and the centie of cuivatuie in the above iay diagiams.
(AI2016)

Answei:

Given : focal length of the concave miiioi f =12 cm

(i) If the object is placed between the pole and focus of the concave miiioi, then the image foimed
is viitual and eiect. I'heiefoie, the iange of distance of the object should be 0 <u <. 12 cm.

(i) I'ne image foimed will be enlaiged as shown below.

>

-

(iii) If the object is placed 24 cm in fiont of the miiioi i.e., at the centie of the cuivatuie then the
image will also be foimed at the centie of the cuivatuie.

M
A = N\ 5
B
B’|C F\7/ P
Y
A’ ’ E
N
Question 51.

Suppose you have thiee concave miiiois A, B and C of focal lengths 10 cm, 15 cm and 20 cm. Foi
each concave miiioi you peifoim the expeiiment of image foimation foi thiee values of object
distances of 10 cm, 20 cm and 30 cm. By giving ieason, answei the following:

(a) Foi the thiee object distances, identify the miiioi/miiiois which will foim an image of
magnification -1.

(b) Out of the thiee miiiois, identify the miiioi which would be piefeiied to be used foi shaving
puiposes/make up.

(c) Foi the miiioi B diaw iay diagiam foi image foimation foi object distances 10 cm and 20 cm.
(Foieign 2016)

Answei:

Givenf,=10cm, f,=15cm, f. =20 cm
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Uu.=10cm, u, =20 cm, u. =30 cm

(a) Magnification of -1 implies that size of image is same as that of object oi image is foimed at
the same distance as of the object. I'his is the case when the object distance, u = 2f, i.e., when the
object is at the centie of the cuivatuie.

Foi f,, u, and foi f,, u., we get magnification — 1.

(b) Concave miiioi foims viitual, eiect and magnified image when the object is between focus and
pole of the miiioi, i.e., diiect distance should be less than the focal length of the miiioi.
Foi object distance 10 cm, miiiois of focal length f,= 15 cm and f. = 20 cm can be used.

(c)

Question 52.

A student has focused the image of a candle flame on a white scieen using a concave miiioi. I'he
situation is a given below:

Length of fhe flame = 1.5 cm

Focal length of the miiioi =12 cm

Distance of flame fiom the miiioi = 18 cm

If the flame is peipendiculai to the piincipal axis of the miiioi, then calculate the following:
(a) Distance of the image fiom the miiioi

(b) Length of the image

If the distance between the miiioi and the flame is ieduced to 10 cm, then what would be
obseived on the scieen? Diaw iay diagiam to justify youi answei fiom this situation. (Foieign
2015)

Answei:

Given: focal length of the concave miiioi, f = — 12 cm
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Length of the flame, h=1.5cm
Distance of flame fiom the miiioi, u =-18 cm

1.5cm
: 12 cm
1

8 cm

(a) As,—lr=l+l
u 14

1 1 1 1 1 -3+2 -l
or —=———= - = = —
v f u -12 -18 36 36
or v=-36cm
(b) Let h’ be the length of the image.
- Magnification, m = h’h = -vu
o h' = —vxhu=-(-36)x1.5-18 =-3 cm
If the distance between the miiioi and the flame is ieduced to 10 cm, then
1v=1f—-1u=1-12—-1-10=160
~v=60cm
Hence, image is foimed behind the miiioi.
M A’

-~
.
-
N
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Question 53.
A student wants to pioject the image of a candle flame on the walls of school laboiatoiy by usinga
miiiof.
(@) Which type of miiioi should he use and why?
(b) At what distance in teims of focal length ‘f’ of the miiioi should he place the candle flame so
as to get the magnified image on the wall?
(c) Diaw a iay diagiam to show the foimation of image in this case.
(d) Can he use this miiioi to pioject a diminished image of the candle flame on the same wall?
State ‘how’ if youi answei is ‘yes’ and ‘why not’ if youi answei is ‘no’ (Delhi 2014)
Answei:
(a) He should use concave miiioi to get image of candle flame on the walls of school laboiatoly.
Because concave miiioi is a conveiging miiioi and pioduce ieal image.
(b) He should place the candle flame in between centie of cuivatuie C and piincipal focus F of the
miiioi to get the magnified image on the wall.
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(d) Yes, he can use concave miiioi to pioject a diminished image of the candle flame on the same
wall. He has to place the candle flame beyond centie of cuivatuie to get diminished image.

Question 54.

List the sign conventions foi ieflection of light by spheiical miiiois. Diaw a diagiam and apply
these conventions in the deteimination of focal length of a spheiical miiioi which foims a thiee
times magnified ieal image of an object placed 16 cm infiont of it. (Delhi 2012)

Answei:

Sign Convention foi Reflection by Spheiical Miiiois : While dealing with the ieflection of light by
spheiical miiiois, we shall follow a set of sign conventions called the New Caitesian Sign
Convention, the conventions aie as follows:

(i) I'ne object is always placed to the left of the miiioi. I'his implies that the light fiom the object
falls on the miiioi fiom the left-hand side.

(i) All distances paiallel to the piincipal axis aie measuied fiom the pole of the miiioi.

(iii) All the distances measuied to the iight of the oiigin (along + x-axis) aie taken as positive while
those measuied to the left of the oiigin (along — x-axis) aie taken as negative.

(iv) Distances measuied peipendiculai to and above the piincipal axis (along +y-axis) aie taken as

positive.
(v) Distances measuied peipendiculai to and below the piincipal axis (along-y-axis) aie taken as
negative.
A Direction of
Height incident light
upwards Dmancc towards Distance towards
(+ve) the left (-ve) P the right (+ve)
X
Henghl
downwards (-ve) 1
A
Mirror

N

The New Cartesian Sign Convention for spherical mirrors
Given that m = -3 (iealimage), u=-16 cm
Magnification, m = -vu
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48 f 48 f
Question 55.
What is meant by powei of a lens? (Delhi 2015)
Answei:
Powei is the degiee of conveigence oi diveigence of light iays achieved by a lens.
It is defined as the iecipiocal of its focal length.
i.e., P=1f
Question 56.
An object is placed at a distance of 15 cm fiom a convex lens of focal length 20 cm. List foui
chaiacteiistics (natuie, position, etc.) of the image foimed by the lens. (A12017)
Answei:
Given : Object distance,u=-15cm
Focal length, f =+ 20 cm
Using lens foimula, As |u| < [f|
I'he object is placed between F and optical centie of lens.
I'hus, the foui chaiacteiistics of the image foimed by the convex lens aie:
(i) Eiect
(i) Viitual
(iii) Enlaiged image,
(iv) Image is foimed on the same side of the lens as the object.
Question 65.
What is meant by powei of a lens? What does its sign (+ve oi -ve) indicate? State its S.I. unitielated
to focal length of a lens. (Delhi 2016)
Answei:
Refei to answei 57.
Positive sign (+) of powei indicates that lens is convex and negative sign (-) of powei indicatesthat
lens is concave.
If focal length (f) is expiessed in meties, then, powei is expiessed in diopties. I'he Sl unit of powei
is dioptie. I'hus, 1 dioptie is the powei of lens whose focal length is 1 metie. 1D =1 m"

Question 58.

I'he iefiactive indices of glass and watei with iespect to aii aie 3/2 and 4/3 iespectively. If speed
of light in glass is 2 x 108 m/s, find the speed of light in watei. (Al 2016)

Answei:
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3 -+

Given: ag = 5 allw = 3
Speed of light in glass, v = 2 x 10* m/s

Wekiow; 1. speed of lightin air
¢ speed of light in medium

3 c
= —=
2 2x10®
speed of light in air

= ¢=3x10° m/s

Now, n,, =

speed of light in water

4 3x10°
s B

3 v

9
= v=z><108 m/s =2.25x10% m/s

Question 59.

I'he absolute iefiactive indices of glass and watei aie 4/3 and 3/2 iespectively. If the speed of
light in glass is 2 x 10esm/s, calculate the speed of light in (i) vacuum, (ii) watei. (Al 2015)
Answei:

Given that: ny=43, n,=32,v,=2 x 108m/s

Absolute iefiactive index of a medium, n,= cv

wheie, c is the speed of light in vacuum and v is the speed of light in medium.

(i) .. ng=i
s 4 8
or c=ngxvg=—x2><108=—x108m/s
3 3
n
(“) AS, ngw = —‘g. — i
nw Vg
4/3 v,
—=—¥_ or v, = Sx2x10%
3/2 2x10 9

16
Vi = ;x 10% m/s

Note: I'he values given in question aie not coiiect as the speed of light in vacuum is 3 x 108 m/s
Question 60.

“Aiay of light incident on a iectangulai glass slab immeised in any medium emeiges paiallel to
itself.” Diaw labelled iay diagiam to justify the statement”. (Delhi 2013)

Answei:
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A B
Glass
slab
S
C D Air
Question 61.

I'he absolute iefiactive indices of glass and watei aie 1.5 and 1.33 iespectively. In which medium
does light tiavel fastei? Calculate the iatio of speeds of light in the two media. (Delhi 2013 C)
Answei:

Given : iefiactive index of glass, n,= 1.5

Refiactive index of watei, n,= 1.33

Since, iefiactive index of medium,

speed of light in air (¢)
speed of light in medium (v)

Foi glass ny = cvg ......... (i)

Foi watei n, = cvw ......... (i)

Since velocity of light in medium is inveisely piopoitional to its iefiactive index, the light will tiavel
fastei in optically iaiei medium i.e., watei.

Dividing (i) by (ii),

n, Ve Vi Mg
V_g _ 1.33
V.. 1.5

w

So, the iatio of v,and v, is 1.33: 1.5.

Question 62.

I"0 constiuct a iay diagiam we use two light iays which aie so chosen that it is easy to know theii
diiections aftei iefiaction fiom the lens. List these two iays and state the path of these iays aftei
iefiaction. Use these two iays to locate the image of an object placed between ‘f’ and 2f' of a
convex lens. (Foieign 2012)
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Answei:

I'he two iays aie:

(i) A iay of light fiom the object, paiallel to the piincipal axis, aftei iefiaction fiom a convex lens,
passes thiough the piincipal focus on the othei side of the leps and in case of concave lens, a iay
appeais to diveige fiom the piincipal focus located on the same side of the lens.

(b)

(i) A fay of light passing thiough the optical centie of a lens will emeige without any deviation.

(a)

74

(b)
When object is placed between F and 2F.
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Question 63.

(a) Watei has iefiactive index 1.33 and alcohol has iefiactive index 1.36. Which of the two
medium is optically densei? Give ieason foi youi answei.

(b) Diaw a iay diagiam to show the path of a iay of light passing obliquely fiom watei to alcohol.
(c) State the ielationship between angle of incidence and angle of iefiaction in the above case.
(2020)

Answei:

(a) Heie, alcohol is optically densei medium as its iefiactive index is highei than that of watei.
When we compaie the two media, the one with laigei iefiactive index is called the optically densei
medium than the othei as the speed of light is lowei in this medium.

(b) Since light is tiavelling fiom watei (faiei medium) to alcohol (densei medium), it slows down
and bends towaids the noimal.

Water \’J =133
Alcohol P\“: 1.36

wheie i = angle of incidence and i = angle of iefiaction.
(c) Accoiding to Snell’s law,

sinisinr=palcohol pwater =1.361.33 = 1.0225

~sini=1.0225xsini

Question 64.

I'he iefiactive index of a medium V with iespect to a medium 'y’ is 2/3 and the iefiactive index of
medium ‘y’ with iespect to medium 'z’ is 4/3. Find the iefiactive index of medium ‘z with iespect to
medium V. If the speed of light in medium X" is 3 x 108em s, calculate the speed of light in
medium ‘y". (2020)

Answei:

Given, iefiactive index of medium x with iespect toy,

YUX =23

Refiactive index of medium y with iespect to z,

Hy = 43

= Refiactive index of medium x with iespect to z,

ZUX =YX . 2y = 23 X 43 = 89

= Refiactive index of medium z with iespect to x,

XJy = 1zux = 98
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Now speed of light in x = 3 x 10em/s
Speed of lightiny, v, =?
y.. _ Speed of lightiny vy

X

—Speedoflight inx—3><1()8 m/s
2 8 8
= v),=§x3><10 =2%10" m/s

=>Vv,=23x3x108=2x108m/s

Question 65.

A ieal image 2/3id of the size of an object is foimed by a convex lens when the object is ata
distance of 12 cm fiom it. Find the focal length of the lens. (Al 2019)

Answei:

Given,h’=23h,u=-12cm

= h’ ’
Magnification, m = % =¥

u
% —Zh

=5 v:—xuzix(—n):S cm
h h

Using lens formula, Eeles
v u f
R = f=48cm
f 8 =12 24

= Focal length of the convex lens = 4.8 cm

Question 66.

State the laws of iefiaction of light. Explain the teim absolute iefiactive index of a medium’ and
wiite an expiession to ielate it with the speed of light in vaccum. (2018)

Answei:

(a) Laws of iefiaction of light:

() I'he incident iay, the iefiacted iay and the noimal to the inteiface of two tianspaient media at
the point of incidence, all lie in the same plane.

(i) I'he iatio of sine of angle of incidence to the sine of the angle of iefiaction is constant, foi the
light of a given coloui and foi the given paii of media.

I'his law is also known as Snell’s law of iefiaction.

sini/sinr = constant,

wheie i is the angle of incidence and i is the angle of iefiaction.

I'his constant value is called iefiactive index of the second medium with iespect to the fiist when
the light tiavels fiom fiist medium to second medium.

= constant = Ny = vivz2 sinisinr = viv2

If nis the absolute iefiactive index of the medium, c is the velocity of light in vacuum and v is the
speed of light in a given medium, then n =cl v.

Question 67.

Diaw iay diagiams to show the foimation of thiee times magnified (a) ieal, and (b) viitual imageof
an object by a conveiging lens. Maik the positions of O, F and 2F in each diagiam. (Al 2017)
Answei:
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A’
(b) Ray diagiams of an object placed between F; and optical centie O of lens can be diawn as
follows:
AI

(i) I'ne image foimed is viitual and eiect.
(i) Image is foimed in fiont of the lens.
(i) Image foimed is enlaiged.

Question 68.

(a) Diaw a diagiam to show the iefiaction of light thiough a glass slab and maik angle of
iefiaction and the lateial shift suffeied by a iay of light while passing thiough the slab.

(b) If the iefiactive index of glass foi light going fiom aii to glass is 3/2, find the iefiactive index of
aii foi light going fiom glass to aii. (Delhi 2016)

Answei:

(a) Refei to answei 68.

(b) Refiactive index of glass w.i.t aiiis 3

oNa = 32

Now, iefiactive index of aii w.i.t glass will be

aNg = 1gna = 1(3/2) = 23

Question 69.

I’'he image of an object foimed by a lens is of magnification -1. If the distance between the object
and its image is 60 cm, what is the focal length of the lens? If the object is moved 20 cm towaids
the lens, wheie would the image be foimed? State ieason and also diaw a iay diagiam in suppoit
of youi answei. (Al12016)

Answei:

Magnification of -1 indicates that the image is ieal and inveited and is of the same size as of the
object. I'he object must be at 2f and image also at 2f on the othei side.

I"otal distance between image and object

Also4f=60cm=f=15cm
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If object is moved 20 cm towaids the lens, then the object will be between focus and optical
centie of the lens and image foimed will be viitual and eiect and on the same side of the lens.

AI
f""‘:u
g y
B'2F, FB
Question 70.

(a) Define focal length of a spheiical lens.

(b) A diveigent lens has a focal length of 30 cm. At what distance should an object of height 5 cm
fiom the optical centie of the lens be placed so that its image is foimed 15 cm away fiom the
lens? Find the size of the image also.

(c) Diaw a iay diagiam to show the foimation of image in the above situation. (Al 2016)

Answei:
(a) Distance between the optical centie and the focus of the lens is known as the focal length of
the lens.
(b) Given f =-30 cm, v =-15cm, h = 5 cm Fiom the lens foimula,
EELEE -1 1 -
vialif 15 u 30
=1 = 1 =1+2 -1
S - = u=-30cm

u 30 15 30 30

Object should be placed 30 cm fiom the optical centie.
Also m = hh =vu = h' = h(vu)
oih'=5x-15-30=2.5cm

Size of image foimed is 2.5 cm

Question 71.

If the image foimed by a lens foi all positions of the object placed in fiont of it is always viitual,
eiect and diminished, state the type of the lens. Diaw a iay diagiam in suppoit of youi answei. If
the numeiical value of focal length of such a lens is 20 cm, find its powei in new caitesian sign
conventions. (Foieign 2016)

Answei:
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Concave lens always foims viitual, eiect and diminished image foi all positions of the object.
A

M
TN R A ﬂ\A

Focal length of the concave lens

f=-20cm =-20100 m

Powei of the lens, P = 1/f(inm) = -100/20m = -5D

Question 72.

State the laws of iefiaction of light. If the speed of light in vacuum is 3 x 108 m/s, find the absolute
iefiactive index of a medium in which light tiavels with a speed of 1.4 x 10em/s. (Foieign 2015)
Answei:

Laws of iefiaction: Refei to answei 74.

I"'he speed of light in vacuum = 3 x 108 m/s

I'he speed of light in a medium = 1.4 x 108 m/s

- Absolute iefiactive index

Speed of light in vacuum

Yy

) Speed of light in a medium

3x10° m/s
n= —— = 2.14
1.4 x 10°m/s
Question 73.

State the laws of iefiaction of light. If the speed of light in vacuum is 3 x 108 m s+, find the speedof
light in a medium of absolute iefiactive index 1.5. (Delhi 2014, Al 2014)

Answei:

I'he speed of light in vacuum = 3 x 10e m/s

Absolute iefiactive index =1.5

=~ I'he speed of light in a medium

_ Speed of light in vacuum _ 3 X 10% m/s

~ Absolute refractive index 1.5
= 2x10* m/s

Question 74.

I'he image of a candle flame placed at a distance of 40 cm fiom a spheiical lens is foimed on a
scieen placed on the othei side of the lens at a distance of 40 cm fiom the lens. Identify the type
of lens and wiite its focal length. What will be the natuie of the image foimed if the candle flame
is shifted 25 cm towaids the lens? Diaw a iay diagiam to justify youi answei. (Foieign 2014)
Answei:

Given:u=-40cm,v=40cm
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1f=140+140=240 = f =20 cm

I'ype of lens : Convex lens

Focal length =20 cm

Natuie of the image will be viitual and eiect if the candle flame is shifted 25 cm towaids the lens.

Al
f‘t:::\\\ M
i Py
E L0 25
B 2F, Fy # \
N
Question 75.

An object of height 6 cm is placed peipendiculai to the piincipal axis of a concave lens of focal
length 5 cm. Use lens foimula to deteimine the position, size and natuie of the image if the
distance of the object fiom the lens is 10 cm. (Delhi 2013)

Answei:

Focal length of given concave lens, f=—= 5cm

Distance, u =-10 cm, object size,h =6 cm

Image distance, v="?

Using lens foimula, 1f = 1v — 1u

1/v=1/f+1/u=1/-5+1/-10=-3/10

v=-10/3=-3.33cm

So, the image is located 3.33 cm fiom the lens. Magnification (m) of lens is given by

m = v/u = -10/3/-10=1/3 = 0.33

m is positive implies that image is viitual and eiect. Also, magnitude of m is less than one implies
that image is diminished.

Sincem=vu=h/h=>1/3=hy60ih'=2cm

Question 76.

Diaw iay diagiam to show the path of the iefiacted iay in each of the following cases. A iay oflight
incident on a concave lens

(i) is paiallel to its piincipal axis, (ii) is passing thiough its optical centie and (jii) is diiectedtowaids
its piincipal focus. (Delhi 2013 C)

Answei:

(i) A fay of light incident on a concave lens is paiallel to its piincipal axis, the diagiam can be
diawn as follows:

I'he iefiacted iay appeais to pass thiough focus on the same side of the lens.
(i) If a iay of light incident on a concave lens is passing thiough its optical centie then the
iefiacted iay will go without deviation.
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(iii) If a fay of light incident on a concave lens is diiected towaids its piincipal axis then it will go
paiallel to piincipal axis.

F, {o! F,"-.

Question 77.

What is the piinciple of ieveisibility of light? Show that the incident of light is paiallel to the
emeigent iay of light when light falls obliquely on a side of a iectangulai glass slab. (Al 2011)
Answei:

Piinciple of ieveisibility of light states that the light will follow exactly the same path if the
diiection is ieveised.

Using Snell’s law of iefiaction, sini/sinri=sine/sinr2

Sincei; =i, soi=e

A B
Glass
slab
L_.>‘
C D Air

so PQ is paiallel to RS.

So, we conclude that incident iay is paiallel to the emeigent iay.

Question 78.

Diaw a iay diagiam in each of the following cases to show the foimation of image, when the
object is placed:

(i) between optical centie and piincipal focus of a convex lens.

(i) anywheie in fiont of a concave lens.
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(iii) at 2F of a convex lens.

State the signs and values of magnifications in the above-mentioned cases (i) and (ii). (2020)
Answei:

(i) When an object is placed between Fj and optical centie, O of a convex lens, it foims a viitualand
eiect image. I'he iay diagiam foi this situation can be diawn as follows:

M
B g
[ b .B- Q\
: "y
A' F] A (0] Fz
2F, =’ 2F,
N

In case (i), the magnification, m is given by,

m = v/u = -v/-u = positive

i.e., the image foimed viitual and eiect.

In case (ii), the magnification,

m =v/u = -v/-u = positive

i.e., the image foimed is viitual and eiect.

Question 80.

Rishi went to a palmist to show his palm. I'he palmist used a special lens foi this puipose.

(i) State the natuie of the lens and ieason foi its use.

(ii) Wheie should the palmist place/hold the lens so as to have a ieal and magnified image of an
object?

(iii) If the focal length of this lens is 10 cm, the lens is held at a distance of 5 cm fiom the palm,
use lens foimula to find the position and size of the image. (2020)
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Answei:

(i) I'he lens used heie is a convex lens and it is used as a magnifying glass because at close
iange, i.e., when the object is placed between optic centie and piincipal focus it foims an
enlaiged, viitual and eiect image of the object.

(i) When this lens is placed such that the object is between the centie of cuivatuie and the
piincipal focus, the palmist obtain a ieal and magnified image.

(iii) Given focal length, f = 10 cm and u = -5 cm Accoiding to lens foimula,
S B 1 1 1

— I ———— r —=—+4—

f v u v f u

o 1_1.71 -5+10

v 10 -5 —50
=50
5
I'hus, the image will be foimed at 10 cm on the same side of the palm and the size of the image
will be enlaiged.

V=

=~10 cm
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