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Instruments

Ray Optics and Optical

( Fastracl« Revision )

> Ray Optics: The branch of optlcs deals with propagation
of light in terms of rays which are valid, if size of obstacles
are large in comparison with wavelength of light (in nm
range), is called ray optics.

» Reflection of Light: When light Is Incident on a polished
smooth surface, then most of incldent light returns to
the same medium. This phenomenan of returning of light
after striking a smooth polished surface is called reflection
of light.

Normal

Incident ray Reflected ray

The incident ray, reflected ray and the normal to the
reflecting surface lie in the same plane.

> Laws of Reflection

> The angle of reflection (/.e.the angle between reflected
ray and the normal to the reflecting surface or the
mirror) equals the angle of Incidence (angle between
incldent ray and the normal).

» The incident ray, reflected ray and the normal to the
reflecting surface at the point of incident lie in the
same plane.

» Mirror: A mirror is defined as the reflecting surface and
can be explained by the law of reflection.

There are two types of mirror:

> Plane Mirror: The mirror whose reflecting surface is
plane, is called plane mirror.

Its ane side is silvered and reflection takes place fram
other side.

/ Polished surface

Reflecting surface

» Spherical Mirror: It Is the part of a spherical transparent
medium. One of the curved surface Is pollshed and
reflection takes place from other side.

Spherical mirrors are also two types:
e Concave Mirrors: Its outer curved surface is polished
and reflectlon takes place from curved surface.

Reflecting surface—»

«+—— Polished surface

e Convex Mirrors: Its inner curved surface Is polished and
reflection take place from outer curved surface.

Polished surface—»

<«——Reflecting surface

» Mirror Formula: The relation between Focal length of
the mirror (f), distances of object (u) and image From the
mirror (v) is called mirror formula or mirrar equation. i.e.,

k| R

— +_: —

v u f
> Focal Length of the Mirror: The distance between pole
and focus of a spherical mirror is its called focal length
(f). It is equal to the half of radius of curvature (R) of the

mirror,

le, £ =§

» Linear Magnificatlon: The ratlo of the size of the Image
formed by a spherical mirror to the size of the object
is called the linear magnification (m) produced by the
spherical mirror.

mom—
u
Height of image

Linear Magnification=
RF . Height of object

It is negative for real image and positive for virtual image.
> Refraction: When a beam of light encounters another
transparent medium, a part of light gets reflected back
into the first medlum while the rest enters the other. A ray
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of light represents a beam. The direction of propagation
of an obliquely incident ray of light that enters the other

medium, changes at the interface of the two media.
This phenomenon is called refraction of light.

Narmal
eflected
ray

o

(a)
anident

Reflecting :
surface

l(b)

}\_
LF

Refraction and reflection of light
Laws of Refraction
» The incident ray, the normal at the point of Incidence
and the refracted ray all lie in the same plane.
» For the same pair of media and the same colour of
light, the ratio of the sine of the angle of incidence
to the sine of the angle of refraction is constant

ie, sini =l = Mg (this Is known as Snell's law)
sinr

Refracted
ray

where, alts(Npg) is a constant known as refractive index of
the medium b with respect to the medium g, /ls the angle
of incidence in medlum @ and rls the angle of refraction in
medium b.

Refractive Index: Refractlve index or index of refraction
(1) of a material Is the ratio of the speed of light In vacuum
to the speed of light in the medium.

e, j=—
v

Principle of Reversibility of Light: As light follows a
reversible path,

sinr _
an/ bHe

Multiplying this by %:pr, we get

e _slnixsinr_
aFb = b 0 " g0 " gin g
aHp =
bHa

Critical Angle: The critical angle is the angle of incidence
in a denser medium corresponding to which the refracted
ray just brushes the surface of separation.

Or
Critical angle is that value of angle of incidence for which
angle of refraction is 90°.

» Total Internal Reflection: If the angle of Incldence Is

more than the critical angle, refraction is not possible and
incident ray is reflected back to the medium. This is called
total internal reflection.

Following are the twao conditions of TIR:

» Incident ray Is in denser medium.

> The angle of incldence must be greater than the critical
angle.

> TIR in Nature

(i) Mirage (ii) Brilliance of diamond.

> Apparent Depth of a Liquld: If the object be placed at the

bottom of a transparent medium, say water, and viewed
from above, it will appear higher than it actually is. The
refractive index p In this case is:

Real depth

Refractive | Fth i = Apparentdepth
efractive index of the medium, 1 Apparentdepth

> Refractlon at a Spherical Surface: |f j1;, 1, are refractive

indlces of First and second medla, R Is the radius of
curvature of spherical surface, formula is

Bz h o=t

vV ou R
where, u and v are the distances of the object and the

image from the centre of the refracting surface of radlus
of curvature Rrespectively.

> Lens: Lens is a transparent medium bounded by two

surfaces out of which one or both surfaces are spherical.

There are two types of lens:

» Convex or Converglng Lens: A lens which is thicker at
the centre and thinner at its end Is known as a convex

lens.
Double Plano- Concavo-
Convex Convex Convex
lens lens lens

Convex or converging lenses

A convex lens Is also called as converging lens because
it converges a parallel beam of light rays passing
through it. A double convex lens is simply called a
convex lens.

» Concave or Diverging Lens: A lens which is thinner at the
centre and thicker at its end is known as a concave lens.
A concave lens Is also known as diverging lens because it
diverges a parallel beam of light rays passing through it.
A double concave lens Is simply called a concave lens.

Double Plano- Convexo-
concave concave concave
lens lens lens

Concave or diverging lenses

> Refraction by a Lens: IF R, and R, are radil of curvature of

first and second refracting surfaces of a thin lens of focal
length £, then lens maker’'s formula is

l_(MT i_i)
f Hq LR! R,

IFthe lens is surrounded by alr, p, = 1 and p, =, then

1 1
Frie ”[?r:@]
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» Thin Lens Formula

» Magnification Produced by a Lens

mh’v
“h u

m s negative for inverted (and real) image while fFor an
erect (and virtual) image, mis positive.

» Power of a Lens: The power (p) of a lens Is defined as the

tangent of the angle by which it canverges or diverges a
beam of light parallel to the principal axis Falling at unit
distance from the optical centre.

tand =

iFh=1¢ tans:

~|= |

or b—% for small value of 6.

1
P
Th us, f

The Sl unit For power of a lens is dioptre (D).
1D=1m™’

Power of a lens Is positive for converging (convex) lens and
negative for diverging (concave) lens.
Focal Length of Thin Lenses in Contact: The focal length
(f) of thin lenses of focal lengths f;, £, f5, ... placed in
contact of each other Is:

I P . PO

f hR E A
In terms of power, it can be written as

P=P,+P+Ps+..
where, Pis the net power of lens combination.
Magnification of lens in combination (m) is given by:

m= m; X m,x...and so on.
Such a system of combination of lenses Is commaonly used
in designing lenses for cameras, microscopes, telescopes
and other optical instruments.
Refraction througha Prism: When a ray of monochromatic
light is refracted by a prism, the deviation & produced by
the prism Is:

S=l+e—A
where, 7= angle of Incldence,

e« angle of emergence,
A= angle of the prism.

Angle of Deviation: The angle of deviation &, is minimum,
when ray passes symmetrically through the prism. The
refractive index p of the prism Is:

A
sin( +6m)
2 )

A
sin—
2

,’_[._:

» Dispersion: The splitting of white light into constituent

colours Is called the dispersion. A prism causes devlation as
well as dispersion.

Optical Instruments: Optical instruments are the devices
which help human eye In observing highly magnified
images of tiny objects, for detalled examination and
in observing very far objects whether terrestrial or
astronomical.

Microscope

> A simple microscope is a short Focal length convex
lens which helps us to see and study micro-organisms.

» Compound microscope is a comblnation of two convex
lens, where the lens towards the object is called
objective and that towards the eye is called eyepiece.

» The magnifying power of a simple microscope Is:
m=1 +2
where, D= 25 cm and f Is the focal length of convex

lens.
» The magnifying power, m of a compound microscope Is

m=Mm,xm HL(1+D]
L -

where, m, and m, denote the magnification produced
by the objective and eyeplece and L Is called the tube
length of compound microscope.

» Astronomical Telescopes: These are used to see and study

far off objects.
> Reflecting Astronomical Telescope: A reflecting
telescope is also called a reflectar. Telescopes with
mirror objectives are called reflecting telescopes.
These form image free from chromatic aberration and
spherical aberration.
> Refracting Astronomical Telescope: A refracting
telescope Is also called a refractor telescope. It conslists
of an objectives lens of a large focal length and large
aperture, also an eye lens of small aperture and focal
length.
e The magnifying power m of refracting telescope
when the final image is formed at infinity is:
i
fe

and length of the telescope L= (f,+f.)

m=

where, L is the length of the telescope tube.
e Forthe finalimageIs formed at the least distance of
distant vision, the magnifying power is:

m=—%[1+%)
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@ Practice Exercise
'@( Multiple choice Questions N

QL The light reflected by a plane mirror may form a

Qa.

Q3.

Q4.

Q5.

Q6.

Q7.

Qa.

real image.

a. If the rays incldent on the mirrar are diverging.

b. If the ray incident on the mirror are converging,

c. If the object is placed very close to the mirror.

d. Under no clrcumstances.

For reflection through spherical surfaces, the

normal at the paint of incidence is:

a. perpendicular to the principal axis and passes
through the centre of curvature.

b. perpendicular to the focal plane and passes
through the pale.

c. perpendicular to the tangent plane at pole and
passes through the focus.

d. perpendicular to the tangent plane at the point
of incidence and passes through the centre of
curvature.

The turning back of light into the same medium

after incident on a boundary separating two media

is called:

a. reflection of light b. refraction of light

c. dispersion of light. d. interference of light

The field of view is maximum for:

a. plane mirror

C. convex mirror d. cylindrical mirror

A virtual image larger than the objected can be

obtained by:

a. concave mirror b. convex mirror

c. plane mirror d. cylndrical mirror

In image formation from spherical mirror, only

paraxial rays are considered because they:

a. are easy to handle geometrically.

b. contain maost of the Intensity of the Incident lUght

¢. form nearly a point image of a point source.

d. show minimum dispersion effect.

Aray incident at a point at an angle of incidence of

60° enters a glass sphere of refractive index /3

and is reflected and refracted at the farther surface

of the sphere. The angle between the reflected and
refracted rays at this surface is:

a. 50° b. 60° c. 90° d. 40°

Refraction of light from air to glass and from air to
water are shown in figure (i) and (ii) given below.
The value of the angle 0 in the case of refraction as
shown in figure (iii) will be:

b. concave mirror

357

() Gla;s

Alr 50°

Q9.

Ql0.

QlL

Ql2.

Ql3.

Q14.

607 )
(n) Alr
Waler
41"
(iii)
)
Glass
i Waler
a. 30° b. 35° c. 6O° d. 41°

A ray of light incldent at an angle € on a refracting
face of a prism emerges from the other face
normally. If the angle of the prism is 5° and the
prism is made of a material of refractive index 1.5,

the angle of incidence Is: (NCERT EXEMPLAR)
a. 715° b. 5°
g 15° d. 25°

Why is refractive index in a transparent medium

greater than one?

a. Because the speed of light in vacuum is always
less than speed In a transparent medium.

b. Because the speed of light in vacuum is always
greater than the speed in a transparent medium.

c. Frequency of wave changes when it crosses
medium.

d. None of the above.

A short pulse of white light is incident from air to

a glass slab at normal incidence. After travelling

through the slab, the first colour to emerge is:
(NCERT EXEMPLAR)

b. green

d. red

Critical angle of glass is 0, and that of water is
0,. The critical angle for water and glass surface
would be (u, = 3/2, p,, = 4/3):

a. less than 6, b. between 8, and 8,

c. greater than 6, d. less than 0,

a. blue
c. violet

A biconcave lens of power P vertically splits into
two identical plano-concave parts. The power of
each part will be:

a. 2P

.. P d-ﬁ

A biconvex lens of glass having refractive index
1.47 is immersed in a liquid. It becomes invisible
and behaves as a plane glass plate. The refractive

o NIT©

index of the liquid is: (CBSE 2020)
a. 147 b. 162
& 133 d. 151
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Q5.

Q 16.

Q.

Q18.

Q19.

Q 20.

Q2L

An equiconvex lens of focal length 15 cm is cut
into two halves as shown in figure. Find the focal
length of each part.

Principal axis

<>_

a.—30 cm b.—20cm c 30cm d -15cm

How does the focal length of a convex lens changes

if monochromatic red light is used instead of

violet light?

a. Focal length Is increased when red lght Is used.

b. Focal length Is decreased when red light is used.

c. Focal length is remain same when red light is
used.

d. Not depend on colour of light

A glass lens is immersed in water. What will be the
effect on the power of lens?

a. Increase b. Decrease

c. Constant d. Not depends

A double convex lens, made of a material of
refractive index |, is placed inside two liquids of
refractive indices p; and iz oo
as shown. p, > py > ps. A ===
wide, parallel beam of light ==

the left. The lens will give 212
rise to:

a. a single convergent beam.

b. two different convergent beams.

c. two different divergent beams.

d. a convergent and a divergent beam.

The radius of curvature of the curved surface of a

plano-convex lens is 20 cm. If the refractive index

of the material of the lens be 1.5, it will:

(NCERT EXEMPLAR)

a. act as a canvex lens only for the abjects that lie
on its curved slde.

b. act as a concave lens far the objects that lie on its
curved side.

c. act as a convex lens irrespective of the side on
which the object lies.

d. actasaconcave lens Irrespective of side on which
the object lies.

Radii of curvature of a converging lens are in the
ratio 1 : 2. lts focal length is 6 cm and refractive
index is 1.5. Then its radii of curvature are:

3. 9cmand 1B cm b. 6cmand 12 cm

c. 3cmand 6 cm d. 45 cmand 9 cm

Real image of an object is formed at a distance
of 20 cm from a lens. On putting another lens in
contact with it, the image is shifted 10 cm towards
the combination. The power of the lens is:

a.2D b.5D & 60 d. 10D

Q22.

Q23.

Q24.

Qas.

Q 26.

Q27.

Q 28.

For a glass prism, the angle of minimum deviation

will be smallest for the light of: (CBSE 2020)
a. red colour b. blue colour
c. yellow colour d. green colour

For a glass prism (p:ﬁ), angle of minimum
deviation is equal to angle of the prism. The angle
of the prism is:

a. 45" b. 30° & 89B* d. 60°

The focal length of the objective of a compound
microscope is: (CBSE 2020)
a. greater than the focal length of eyepiece.

b. lesser than the focal length of eyepiece.

c. equal to the focal length of eyeplece.

d. equal to the length of its tube.

An astronomical telescope has a large aperture to:
a. increase span of observation.

b. have low dispersian.

c. reduce spherical aberration.

d. have high resolution.

How does the magnifying power of a telescope
change on increasing the linear diameter of its
objective?

a. Power Increases on increasing diameter.

b. Power decreases on decreasing diameter.

¢. Power remain constant on Increasing diameter.
d. Power doesn't depend on dlameter.

In a reflecting telescope, a large concave mirrar
bounces all the light coming through the

a. sky b. sun

c. telescope barrel d. telescope tip

An astronomical refractive telescope has an
objective of focal length 20 m and an eyepiece of
focal length 2 cm. Then:

a. the magnification is 1000.

b. the length of the telescope tube Is 20.02 m.

c. the image formed is inverted.

d. All of the above

-€) Assertion & Reason Type Questions N

Directions (Q.Nos. 29-39): In the following questions,
a statement of Assertion (A) is followed by a statement of
Reason (R). Mark the correct choice as:

Q29.

Q30.

a. Both Assertion (A) and Reason (R) are true and
Reason (R) Is the correct explanation of Assertion
(A).

b. Both Assertion (A) and Reason (R) are true but
Reason (R) is not the correct explanation of
Assertion (A).

c. Assertion (A) is true but Reason (R) is false.

d. Both Assertion (A) and Reason (R) are false.

Assertion (A): The centre of curvature is not a part

of the mirror. It lies outside its reflecting surface.

Reason (R): The reflecting surface of a spherical

mirror forms a part of a sphere. This sphere has a

centre,

Assertion (A): The air bubble shines in water.

Reason (R): Air bubble in water shines due to

refraction of light.
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Q3L

Q32

Q3s.

Q34.

Q 35.

Q 36.

Q3r.

Q38.

Q39.

—
b

Assertion (A): The images formed by total internal
reflections are much brighter than those formed by
mirrors ar lenses.

Reason (R): There is no loss of intensity in total
internal reflection.

Assertion (A): Propagation of light through an
optical fibre is due to total internal reflection
taking place at the core-cladding interface.
Reason (R) : Refractive index of the material of the
cladding of the optical fibre is greater than that of
the core. (CBSE SQP 2023-24)
Assertion (A): A convex lens of glass (i, = 1.5)
behave as a diverging lens when immersed in
carbon disulphide of higher refractive index
(1, = 1.65).

Reason (R): A diverging lens is thinner in the
middle and thicker at the edges.

Assertion (A): Combination of lenses helps to
obtain diverging or converging lenses of desired
magnification.

Reason (R): It enhances sharpness of the image.
Assertion (A): The focal length of an equiconvex
lens placed in air is equal to radius of curvature of
either face.

Reason (R): For an equiconvex lens radius of
curvature of both the faces is same.

Assertion (A): The minimum distance between an
object and its real image formed by a convex lens
is 2f.

Reason (R): The distance between an object and its
real image is minimum when its magnification is
two.

Assertion (A): A double convex lens (= =1.5) has
focal length 10 cm. When the lens is immersed in
water (= = 4/3) its focal length becomes 40 cm.

Reason (R): %= K1 7Hm l—i)

Assertion (A): Angle of deviation depends on the
angle of prism.

Reason (R): Far thin prism, § = (1 —1) A.

Assertion (A): Microscope magnifies the image.
Reason (R): Angular magnification for image is

more than object in microscope.

-§) Fill in the Blanks Tupe Questions N

Q40.

Q41

Q42.

Q43.

Q44.

Q45.

Q46.

Q4.

Q 48.

Q49.

Q50.

Q5L

Answers]

(b) If the ray incident an the mirror are canverging

2. (d) perpendicular to the tangent plane at the point

N pr b W

of incidence and passes through the centre of
curvature.

(a) reflection of light

(c) convex mirrar

(a) concave mirror

(c) form nearly a point Image of a point source.

(c) 90°

Refraction at P.

sin60°
sinn

The angle of reflection Is ........... to the angle of
incidence.
The reflective surface of a........... bends out like the

exterior profile of a bowl.

The basic cause of refraction is change In................
of light in going from one medium to another.

For the same angle of incidence, the angles of
refraction in the different medium A, B and C are
15°,25° and 35° respectively. The velocity of light
will be minimum in .....ccooeeee

Total internal reflection must occur when angle of
incidence is mare than the .................

The lines A and B in the ray diagram of figure
represent a......ccoce.e. lens.

A ray of light on passing through an equilateral
glass prism, suffers a minimum deviation equal

to the angle of the prism. The value of refractive
index of the material of the prism is .......ccccee. ©
(CBSE 2020)
The deviation through a prism is minimum when
angle of incidence Is equal to angle of ................ .
Aray of light undergoes................ twice on passing

through a prism.
In the minimum deviation position, the refracted

ray in the prism is ....cccceeieenn to the base of prism.
In a reflecting type telescope, a ......oeveeee of large
aperture is used as objective in place of a convex
lens.

Microscope Is also known as ......ccccecan g

. 1 ”
SmrT:EGrr]:BU

Since. ry =1

L ."2:3[]')

Refraction at O,
sinr. i o
2 :LorsmHD g

sinf, 3 sini, 3
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10.

.

12

13.
14,

At polnt Q. 15 =, = 30°
a=180°-(r; +/5) =180°-(30° + 60°) = 90°
(b) 35°

Using Snell's law.

o sin60° 5  sin60° and Vi - sin41°

Fa=gin35e" M ginar Ho = ging
ﬂ}_l.g o W“g s O“g
- sin60° y sin 41° _ sin60°
sin41°  sin@  sin35°
=5 sin 8 =sin 35% or 6 = 35°
(a) 75°
According to the question. ray emerges from other
surface of prism normally,
. Angle of incidence at secaond face. r'= 0°
Now.r+r=A
= reA-re5-0°=5
Using Snell's law.
sini
m
orsini=psinr
= 15 % sin 5° = 0.131
= B=l= 5in_‘(0.131)
& 15
(b) Because the speed of light in vacuum Is always

greater than the speed in a transparent medium.
(d) red

Since &, > kg > Ay > Ay
then p < pg<pp<py (+ poa+bi)
AL A L (v v=d/p)

After travelling through the slab. red colour will
emerge first because it has largest velocity in slab.

(c) greater than 0,

According to the question,
When a blconvex lens af glass is immersed in a
liquid and behaves as a plane glass plate. then

1
f= -=0
o Or -
Now fram Lens maker's formula,
1_(He 4 i_i]
folng R, R,

Hg
H
or pg=py = 147

=0

15.

16.
17.
18.

19.

20.

(c) 30 cm
Given that.
Focal length of equiconvex lens =15 cm
1 § 49
from lens maker's formula. —=(n-1) ———J
f R R,
Taking R, =R and Ry =-R
1 1 2
el U U(ﬁg] =(u-1x ()

For each part (plano convex lens), R, =R and R, =«

1 1 1 p=1
TR | R | i
i (- )(R m] R

2 2

£ Nl 2
or Z=(u-Nxg (2)
From egs. (1) and (2). we get

1

2 .
PR =f =2f

=25 5= 30cm
(a) Focal length is increased when red light is used.
(b) Decrease
(d) a convergent and a divergent beam.
As py > uy. the upper half of the lens will become

diverging and p, > p3. the lower half of the lens will

become converging,

(c) act as a convex lens Irrespective of the side on
which the object lles.

Here, p=15

If object lies on plane side as shawn in figure (a).
then Ry w o, Ry =-20 cm

1 1 1) o
2 e TH| i
- (n )[RI RzJ
1 1 1
_(1.5“‘])[;1-%)“4—0- (a}

or f=+40cm
The lens behaves as convex lens.
If abject Ues on its curved side as shown in figure (b).

then Aj=20cm. Ry ==
1
F -0 3-2) . f
Ry Ry T \1
=(165-1) r]__l _-:i
20 =) 40 (b)

or Fo+40cm
The lens also behaves as convex lens.

(d) 45 cmand 9 cm
Here.f=6cm. p=15 R =R R, =-2R
According to lens maker’s formula,

1 1 1
0955

el el

_15x6
2
~ R=45cmand R, =2x45=9cm

R =45cm
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21

22
23.

24,
25.
26.
27.
28.

29.

30.

3.

(b)5D
As the image farmed is real. therefore lens must be
convex. v= 20 cm. Let f, be focal length far this lens.

After placing it in contact with another lens. the
image shifted to 10 cm towards the combination.
le.v=(20-10)cm =10 cm

LTS TN 1 PN T
10 u fl‘ fZ 20 u fz
LN
20
(a) red colour
(d) 60°
A+d
in| 2 Om
2280
Using, B = A
sin =
@

According to the question. §,, = A

iy

(Glven. p=+3)

A
sin
A A
25sin = cos —
@:SIHA= 2 or cos£=£=c053t}°
E.lnﬁ sin A = &
2 2

- gsaue = AsBLE

(b) lesser than the focal length of eyeplece

(d) have high resolution

(d) Power doesn't depends an diameter.

() telescope barrel

(d) All of the above

Given, f,=20mand f,=2cm=0.02m

In normal adjustment,

Length of telescope tube, L« f, + f,
=20+002=2002m

20

f
and magnification, m=-2=——-=1000
8 f 002

e

The Image formed Is inverted with respect to the
object

(a) Both A and R are true and R Is the carrect
explanation of A.

(c) Shining of air bubble in water is on account of
total internal reflection.

(a) In total internal reflection, 1009 of incident light
Is reflected back into the same medium and there is
no loss of intensity, while in reflection from mirrors
and refraction from lenses. there is always some
loss of intensity. Therefare, images formed by total
internal reflection are much brighter than those
formed by mirrors or lenses.

32.
33.

34,

35.

36.

7.

38.

38.

40.
42,
45,

47.
50.

5%

(c) Assertion (A) Is true but Reason (R) Is false.

Hg 15

t I e T — ]

(b) Refractive Index. 1 - Th
1 T %)
As—wmip =1 ———
EF (u )[Rl RZJ

f becomes negative and the lens behaves as a
diverging lens.
(b) Combination of lenses helps to obtain desired
magnification. It also enhances the sharpness of
the image. Since the image formed by the first
lens becomes the object for the second. the total
magnification of the combination is a product of
magnification of individual lenses.

(b) Far an equiconvex lens, R =Ry =R

From % =(p— 1)[!;—]— ﬁlz—}:md

for lens, p = 1.5 placed in air,

1 2
-=(15-1)2% = f=R.

(d) The distance between the abject and its real
image s minimum when its magnification is 1. We
know that the magnification of convex lens Is given
by (m)=viuform=1v=u0.

Now from lens formula. v=u= 2f

hence. minimum distance v+ u = 4f

(a) Focal length of lens immersed in water is
four times the focal length of lens in air. It means
Irwzzbfa =4x10=40 cm.

(a) Far a thin prism, the relation between angle of
deviation 4. angle of prism A and refractive index p is
Sa(p-1)A

(8) Microscope is an optical instrument which forms
a magnified image of a small nearby object and
thus, increases the visual angle subtended by the
image at the eye so that the object is seen to be
bigger and distinct. Therefore. angular magnification
for image is more than object.

equal 41. convex mirrar

veloclty 43, medium A 44, critical angle
diverging/concave 46. 3
emergence 48. refraction  49. parallel
concave mirror

simple magnifier

-' Case Study Based Questions N

Case Study 1

The lens maker’s formula relates the focal length
of a lens to the refractive index of its material
and the radii of curvature of its two surfaces.
This formula is used to manufacture a lens of
particular focal length from the glass of a given
refractive index. For this reason, it is called the
lens maker’s formula.
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QL

Qe

Q.

Read the given passage carefully and give the
answer of the following questions:

For a plano-convex lens of radius of curvature
10 cm, the focal length is 30 cm, the refractive
index of the material of the lens is:

a. 20 b. 133 c. 166 d. 15

A convex lens of focal length 20 cm Is placed in
contact with a diverging lens of unknown focal
length. The lens combination acts as a converging
lens and has a focal length of 30 cm. What is the
focal length of diverging lens:

a.-80cm b.-460cm c¢-30cm d -10cm

A biconvex lens has the same radlus of curvature R
far its faces. If the focal length of the lens in air is
R/2, the refractive index of the material of the lens
is:

a.12 b. 133 £ 2 d 2

Q4. Two thin lenses of focal length 60 cm and —20 cm
in contact have a resultant focal length of:
a. -30 cm b. 415 cm
c -15cm d. +30cm
[ =
Answers
1. (b)133
From formula, l:(p--]) L1
f R R,

Since. Rz S @

R, =10 cm, f=30 cm

1 1 1
e e
30~ )(10 mJ
4
- H:EZ]-BB

(b) —60 cm
From formula.

Ll

1 1
f, ~ 30°20F,

f 2

1
= fy=-60 cm
(d) 2

By the lens maker’s formula.

1 1 1

Far biconvex lens, R) is positlve and R, Is negative.

1 11
Now. R—/Z=(u—1)[—+—] (oR, =R, =R

Ry Ry
2 1. 1
=3 E:n(}j-w?)[ﬁi'ﬁ) = l_lﬂ'iz
4. (3)-30cm
From formula.
T A i
o e Ee
fff
o1 o2 _ fu30om
60 20 60
Case Study 2

A convex or converging lens is thicker at the
centre than at the edges. It converges a beam of
light on refraction through it. It has a real focus.
Convex lens is of three types: Double convex
lens, Plano convex lens and Concavo-convex
lens.
Concave lens is thinner at the centre than at the
edges. It diverges a beam of light on refraction
through it. It has a virtual focus. Concave lenses
are of three types: Double concave lens, Plano
concave lens and Convexo-concave lens.
When two thin lenses of focal lengths /| and f,
are placed in contact with each other along their
common principal axis, then the two lens system
is regarded as a single lens of focal length fand

I 1.1

I £ %

[f several thin lenses of focal length 1, /... f, are
placed in contact, then the effective focal length
of the combination is given by

1.3.)

r d % T

and in terms of power, we can write

P=P & Ps+..+P,

The value of focal length and power of a lens

must be used with proper sign consideration.
(CBSE 5Qp 2023-24)

Read the given passage carefully and give the

answer of the following questions:

Two thin lenses are kept coaxially in contact with

each other and the focal length of the combination

is 80 cm. If the focal length of one lens is 20 cm,

the focal length of the other would be:
a.-26.7 cm b. 60 cm
c. 80 cm d. 30 cm
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Q2. A spherical air bubble is embedded in a piece of Case Stud\] 3

glass. For a ray of light passing through the bubble,
it behaves like a:

a. converging lens

b. diverglng lens

¢. mirror

d. thin plane sheet of glass

Q 3. Lens generally used in magnifying glass is:
a. single concave lens
b. single canvex lens
c. combination of canvex lens of lower power and
concave lens of lower focal length
d. planoconcave lens
Q4. The magnification of an image by a convex lens is
positive only when the object is placed:
a. atits focus F
b. between Fand 2 F
cat2f
d. between F an optical centre
Or
A convex lens of 20 cm focal length forms a real
image which is three times magnified. The distance
of the object from the lens is:
a. 1333 am b. 14 cm
. 26.66 cm d. 25cm
 Answers |
1. (a) We know that.
focal length of combination,
1.1l 11,1
f i f B0 20 f,
fy= —%cm =-26.7cm
2. (b) diverging lens
3. (b) single convex lens
4. (d) between F and optical centre

Or
For real image
Givenm=-3

. v
S MN=—
u
v
L —=-3
u

by lens formula,
1.1 1

f v u
L=l 1
20 3w u
. =8
20 3u
AK20 . ~B0 mepsem
3 3

QL

Qa.

Q3.

Q4.

If a beam of white light is made to fall on onc
face of prism, the light emerging from the other
face of the prism consist of seven colours violet,
indigo, blue, green, yellow, orange, red. The
phenomena of splitting of white light into its
constituent colours is called dispersion of light.

White light

Read the given passage carefully and give the
answer of the following questions:

Which one of the following colours will suffer
greatest dispersion?

a. Violet
c. Blue

b. Indigo

d. Red

The critical angle between an equilateral prism

and air is 45°. If the incident ray is perpendicular

to refracting surface then:

a. it ls reflected totally from the second surface and
emerges perpendicular from the third surface.

b. it gets reflected from second and third surface
and emerges from the first surface.

c. it keeps reflecting from all the three side of the
prism and never emerges out.

d. after devlation. It gets refracted from the second
surface.

A prism with a refracting angle of 60° gives angle of
minimum deviation 53°, 51°, 52° for blue, yellow,
red light respectively. What is the dispersive power

of the material of the prism?

a. 385 b. 0385 c. 00385 d 385

The refractive angle of a prism for a monochromatic
lightis 60° and refractive index is J2 .For minimum
deviation the angle of incidence will be:

a. 60° b. 45° c. 30° d. 75°
e
Answers
1. (a) Violet

Less Is the wavelength, more Is the dispersion.

. (b) it gets reflected from second and third surface

and emerges fram the first surface.

. (c) 0.0385,

8.5 53
b el L e

Dispersive power o
PEFAIVER 5, 52 26
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4. (b) 45",
Glven, A=60° p= 2
n
Sm(AwtbmJ
2
=5 pm———
sin—
2
60°+8
sln{—;m—)
m—x = 4
== V2 60°
sin
60°+5 )
= S]ﬂ[—m = :
2 N7
60°+ 8
g 3 m - 4590
§,,=90°-60°=30° and 5, =2/-A
30° = 2/- 60°
o 45°
Case Study 4

Objectve lens

A compound microscope consists of two lenses.
A lens of short aperture and short focal length
facing the object is called the objective lens
and another lens of short focal length but large
aperture 1s called the eye lens. Magnifying power
is defined as the ratio of angle subtended by the
final image at the eye to the angle subtended by
the object is seen directly, when both are placed

at least distance of distinct vision.
Eye lens

QL

Q2.

T
=¥
]

XX

Read the given passage carefully and give the
answer of the following questions:

An objective lens consists of:

a. short aperture and short focal length
b. large aperture and large focal length
c. short aperture and large focal length
d. large aperture and short focal length

An eyepiece consists of:

a. short aperture and short focal length
b. large aperture and large focal length
. short aperture and large focal length
d. large aperture and short focal length

Q3.

A compound microscope with an objective of
focal length 1.0 cm and eyeplece of focal length
2.0 cm. Focal length of a tube is 20 cm. Calculate
the magnifying power of the microscope.

a. 270 b. 27 c. 140 d 14

Q 4. Final image formed by compound microscope is:
a. inverted b. erect
c. virtual d. highly diminished
Answers '| .

1. (a) short aperture and short focal length

Ll

QL

Q2.

Qa.

Q4.

(d) large aperture and short focal length
(a) 270.

; L D) 20 25
Magnifying power. m=—{ 1+=— |=2=| 1+== |=270
Epiyng pomee. i f0[+F] 1.D[+ZCI]

e
(a) Inverted.

A compound microscope form Inverted image as
the object is within its focal length.

Case Study 5

Refraction of light is the change in the path of

light as it passes obliquely from one transparent

medium to another medium. According to law
sin

of refraction =My, where |y, is called

sin
refractive index of second medium with respect
to first medium. From refraction at a convex
Ha M| _H2 7Hp,
v u R
Similarly, from refraction at a concave spherical
surface when object lies in the rarer medium,
[TE R (R ¥
v u R
object lies in the denser medium, we have

B Ha M =M

Vv u R

Read the given passage carefully and give the

spherical surface, we have

we have and when

answer of the following questions:

Refractive index of a medium depend upon which
factors?

A ray of light of frequency 5 x 10 Hz is passed
through a liquid. The wavelength of light measured
inside the liquid is found to be 450 x 10™% m.What
is the refractive index of the liquid?

A ray of light is incident at an angle of 60° on one
face of a rectangular glass slab of refractive index
1.5. What will be the angle of refraction?

When light is refracted into a medium, what will be
change in its wavelength and frequency?

b e e e e e e e e e e e e e e e —— e — — — —
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[Answers | :

L

L ANSWErS |
Refractive index of a medium depends upon nature
and temperature of the medium and wavelength of
light.
Given. v=5x 10" Hz
c=3x10% ms™!
Refractive index of the liquid.
c 3x10°

C
l_]_:'.'] —_— ] — 24
v VA 5x10" x450x107° 133

A=450x10"° m.

Given,
[=60°, p=15
By Snell's law,
_sinl
" sinr

sin/ sin60° 0.866
sinr=2—=2"""—"— -~>""—~
n 15 15

sin r= 05773 or re sin”(0.58)
Its wavelength increases but frequency remalns
unchanged.

Case Study 6

QL

Q2.

Q3.

Or

A number of optical devices and instruments have
been designed and developed such as periscope,
binoculars, microscopes and telescopes utilising
the reflecting and refracting properties of mirrors,
lenses and prisms. Most of them are in common
use. Our knowledge about the formation of
images by the mirrors and lenses is the basic
requirement for understanding the working of
these devices. (CBSE SQP 2022-23)

Whythe image formed at infinity is often considered
most suitable for viewing? Explain.

In modern microscopes, multi-component lenses
are used for both the objective and the eyepiece.
Why?

Write two points of difference between a compound
microscope and an astronomical telescope.

Write two distinct advantages of a reflecting type
telescope over a refracting type telescope.

A |

nswers | .

. When the Image Is formed at Infinlty, we can see It

with minimum strain In the ciliary muscles of the
eye.

The multd-component lenses are used for both
objective and the eyepiece to improve image quality
by minimising various optical aberrations in lenses.

. Difference between a compound microscope and

astronomical telescope are given below:

(1) The compound microscope is used to observe
minute nearby objects whereas the astranamical
telescope Is used to observe distant objects.

(I1) In compound microscope. the focal length of
the objective is lesser than that of the eyepiece
whereas in astronomical telescope. the focal
length of the objective is larger than that of the
eyepiece.

Or Two advantages of a reflecting type telescope over a

refracting type telescope are given below:

(I) The image formed by reflecting type telescope is
brighter than that fermed by refracting telescope.

(i) The image formed by the reflecting type
telescope is more magnified than that formed by
the refracting type telescope.

- Very Short Answer Tupe Questions N

QL

Ans.

Qe

Ans.

Q3.

Ans.

Q4.

Ans.

Q5.

Sal

Q6.

Ans.

Is it possible that the laws of reflection change, if
we use spherical mirror instead of a plane mirror?
No, it is not possible to change the law of reflection.
Out of convex mirror and concave mirror whose
focus is situated behind the mirror?

Convex mirror has the focus sltuated behind the
mirror.

When a wave is propagating from a rarer to a
denser medium, which characteristic of the wave
does not change and why? (CBSE2015)
Frequency. because frequency Is a characteristic of
the source of waves.

For the same angle of incidence, the angle of
refraction into two media A and B are 25° and 35°
respectively. In which medium is the speed of the

light less? (CBSE2015)
In medium A. speed of light is less.
As we know.
sini ¢ cxsinr ;
p@——— =5 = = vxsinr
sinr v sini

(- angle of incidence is same)

But ry<rg = vy<vg
What is the ratio of the velocity of the wave in the two
medla of refractive indices K1 and H27? (CBSE2015)

The ratlo of the velocity, A_ra
Va W
How does the refractive index of a transparent
medium depend on wavelength of light used?
(CBSE2015)
Refractive indexof a medium decreases with increase
in wave length of Ught because the refractive
index of a medium Is Inversely proportional to the

wavelength of the light used.

? ; €
- Refractive Index of medium pw —
v

or Hoo—
v
and c=VA
: Ca A
Hence. n o:l
A
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Q7.

Ans.

Q8.

Ans.

Q9.

Ans.

Q10

Ans.

QlL

Ans.

Ql2.

Ans.
Q1s3.

Ans.

Q4.

Ans.

When manochromatic light is incident on a surface
separating two media, the reflected and refracted
Llight both have the same frequency as the incident
frequency. Why? (CBSE2016)
Reflection and refractlan arise through interaction
of incident light with atomic constituents of matter
which vibrate with the same frequency as that of
incident light. Hence, frequency remains unchanged.
When a glass slab is placed on an ink dot, ink dot
appears to be raised. Why?

Due to refraction of light.

When monochromatic light travels from one
medium to another, its wavelength changes but its
frequency remains same. Why?

Frequency is a characteristic of the source of waves.
That is why, it remains the same. But wavelength is
a characteristic of medium, so wavelength changes.
When light travels from a rarer to a denser
medium, the speed decreases. Does this decrease
in speed imply a reduction in the energy carried by
the wave? (CBSE 2016)
No, energy carried out by a wave depends on the
amplitude of the wave. not on the speed of wave
propagatian.

The refractive index of diamond is much greater
than that of glass. How does a diamond cutter
make use of this fact?

The refractive index of dlamond Is much higher
than that of glass. Due to high refractive Index. the
critical angle for diamond-air interface Is low. The
diamond is cut suitably so that the light entering
the diamond from any face suffers multiple total
internal reflections at the various surfaces.

State one assumption made in deriving the formula

e O WL i e .
———=—"—for refraction at a spherical
v u R

interface.

The aperture of the spherical surface is small

Define the power of a lens. Write its SI unit.
(CBSE2018)
The ability of lens to converge or diverge the rays of
incldent Ught on it. is called the power of a lens. Its
S1. unit Is dioptre (D) or m™.
A concave lens of refractive index 1.5 is immersed
in a medium of refractive index 1.65. What is the
nature of the lens? (CBSE2015)
A concave lens is made up of certain material

behaves as a diverging lens, when it is placed in a

medium of refractive index less than the refractive

index of the material of the lens and behaves as a

converging lens, when it is placed in a medium of

refractive index greater than the refractive index of

the material of the lens.

In the glven case. concave lens Is immersed in
medium having refractive index greater than
the refractive index of the material of the lens
(1. 65> 1.5). Therefare. it will behave as a canverging
lens.

Q5.

Ans.

Q16.

Ans.
Q17

Ans.

Q18.

Ans.

Q19.

SolL

A biconvex lens made of a transparent material
of refractive index 1.25 is immersed in water of
refractive index 1.33. Will the lens behave as a
converging or a diverging lens? Give reason.

When a lens is placed in a liquid. where refractive
index Is more than that of the material of lens, then
the nature of the lens changes. So. when a blconvex
lens of refractive index 125 is immersed in water
(refractive index 1.33). Le. in the Uquid of higher
refractive index. its nature will change. So. biconvex
lens will act as bicancave lens or diverging lens.

A biconvex lens of focal length f is cut into two
identical plano-convex lenses. What will be the
focal length of each part? (CBSE 2020)
The focal length will be 2f.

How does the angle of minimum deviation of
a glass prism vary, if the incident violet light is
replaced by red light? Give reason. (CBSE2017)
When incident violet lght is replaced with red light.
the angle of minimum devlation of glass decreases
because. as Mred”Miolet . SO Hrog “Hvioler  and

bred <5\d0{et .

Write the relationship between angle of incidence J,
angle of prism A and angle of minimum deviations
from a triangular prism.

The relation between the angle of incidence i angle
of prism A and the angle of minimum deviatlon &,
for a trlangular prism Is given by

HA+5m
B

I

For a glass prism (1= V3), the angle of minimum
deviation is equal to the angle of prism. Find the
angle of prism.

For the condition of minimum deviation, the angle
of prism should be equal to the angle of minimum

deviation.
A+d
i m
an[A430)
Weknow.}l—m—A
2
A+ A
sin
- ( 2 J_SinA
sin sinﬂ
2
?.sin-}"i--c:c)sﬁ
= s Kors |6
A
sin
2
= cosﬁzﬁzcosaO"
2 2

5 A=30°x 2= 60°
The angle of prism Is 60°.
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Q 20.

Ans.

Q2L

Ans.

Qaz2.

SolL

Does the magnifying power of a microscope depend
on the colour of the light used? lustify your answer.
(CBSE2017)
A microscope consists of two lenses and we know
focal length of a lens depends on the refractive
index of the lens which itself depends on the wave
length ar colour of the light used. Therefore, we can
say the magnifying power of a microscope depends
on the colour of the light used.
An astronomical telescope may be a refracting type
or a reflecting type. Which of the two produces
image of better quality? Justify your answer.
Reflecting type astronomical telescope produces
better quality Image since. due to reflectlon. there Is
no loss in Intensity of Ught.

A giant refracting telescope at an observatory
has an objective lens of focal length 15 m. If an
eyepiece lens of focal length 1.0 cm is used, find
the angular magnification of the telescope.
f,=15cm. = f,=10cm=10%10"%m

Angular magnification of telescope.

f
i, B
fo 10x1072

Given.

“@’ Short Answer Type-| Questions N

QL

SolL

Qa.

Use the mirror equation to show that an object

placed between F and 2F of a concave mirror

produces a real image beyond 2F. (CBSE2015)

According to the mirror equation, we have
Vv+u=1F

where. u = distance to the ob|ect from the mirrar

v = distance of the Image fram the mirror hand

F = focal length of the mirror.

Applying new carteslan sign convention, we get

F=-veandu=-ve

Given, F<u< 2F

1 1
When u=—F, we get ;:—____,gg

= V=uwm

From the mirror formula, when v e —2F

T 1 1 -
= —o— - — Em—
vV 2F F ZF

w EEUEAE gV 2F

When monochromatic light travels from a rarer
to a denser medium, explain the following giving
reasons.
(i) Is the frequency of reflected and refracted light
same as the frequency of incident light?
(ii) Does the decrease in speed imply a reduction
in the energy carried by light wave?

Ans.

Q3.

Ans.

Q4.

Ans.

Q5.

SolL

(I) The frequency of reflected and refracted lght
remalns same as the frequency of incldent Ught
because frequency only depends an the source
of light.

(i) Since. the frequency remains same. hence there
is no reduction in energy.

(i) Define refractive index of a medium.

(1) In the following ray diagram, calculate the speed

of light in the liquid of unknown refractive index.

_ 30cm

< . 5

40 cm

(1) Refractive index of a medium Is the ratlo of speed

of light (c) in free space to the speed of lght (v) in

that medium. c
"=y
R s R B L B0 1
(i) Refractive In ex_pm‘/—SImC v 30
50
V—EXBHOB
50
=18 x 108 m/s

When Llight travels from an optically denser medium
to a rarer medium, why does the critical angle of
incidence depend on the colour/wavelength of

light? (CBSE2015)
1 . L \
Refractive Index. p=—— = - =sin 1[1J
sinfe i
As p"cr-i-i
=

Hence. critical angle would also be different for

different colours/wavelengths of light.

The refractive indices of two media A and B are
2 and /2 respectively. What is the critical angle

for their interface? (CBSE2023)
Given,
Refractive index of media. A= 2

Refractive index of media. B = \E

or pa=2and l.l9=\5
o Bg ol

PeUE

. 1
Now, critical angle, sinC = 5

Thus, C= sln“(

&l -
N e—
1l
He
m

o
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Q6. How does the refractive index of a transparent
medium depend on the wavelength of incident
light used? Velocity of light in glass is 2 x 108 m/s
and in alris 3 x 10a m/s. If the ray of light passes
from glass to air, calculate the value of critical
angle. (CBSE2015)

Ans. The refractive Index of a transparent medium is
inversely proportional to the wavelength of incldent
light. The relationship between the twao is given by.

B = Ag/h
where.

u = Refractlve Index of medium.

Ag = Wavelength of incident light in vacuum
and = Wavelength of incident light in medium
Given. velacity of light in air. c = 3 x 10% m/s.
Velocity of light in glass. v, = 2 x 10% m/s
The refractive index of glass Is glven by. py = c/v,
Where cls speed of light In vacuum.

The refractive index of air is given by, |, =L

o
.. The refractive index of glass w.r.t. air will be

gy I8
B =
g g
8
%
ng__ U:3X]D =15
Vg 2108

We know that %y, = 1/sinC

where, Cis the critical angle for the interface.
sinC=15

- sin C=1/15 = C=sin" (0.66)

ERR(DR +

Several students could not get angle C correctly from

1
@ Ul understood.
e 1 well understoo

Q7. Aray PQ incident normally on the refracting face
BAis refracted in the prism BAC index 1.5. Complex
the path of ray through the prism. From which face
will the ray emerge? Justify your answer.

A
P
Q
60°
B c
Ans. Path of emergent ray
A
P
MNormal
50"
B c

Ray will emerge from face-AC

Q8.

Ans.

Q9.

Ans.

¢ TiP’

T Whenu=wmv=f

lustification: Here. i wsin’ (é] wsin™ (0.6)

Zion face ACis 30° which is less than Zi. Hence. the
ray gets refracted here.

State with the help of a ray diagram the working
principle of optical fibres. Write one important use
of optical fibres. (CBSE2019)
Optical fibre worls on the princlple of total internal

reflection.
When a light ray. travelling from denser to a rarer
medium is incident at an angle greater than the
critical angle. then it is reflected back into the same
medium. This phenomenon is called total internal
reflection.

Cladding

Optical fibre
Optical fibres are fabricated In such a way that light

reflected at one side of the inner surface strikes the

other at an angle larger than critical angle. Even, if
fibre Is bent. Ught can easlily travel along the length.
Optical fibre Is used in communication system.

Using lens maker's formula, derive the thin lens

formula l=1—1 far a biconvex lens. (CBSE2020)
v u

A lens is called thin lens when its thickness is

negliglble in comparison of its radius of curvature.

Here, we assume that the medium on the both sides
of the lens is same.
The farmula of reflection.
1 1 1 1
LI D ~(1)
v u B )[Ri Rz]
We know that, when an object is placed at infinity. its

image will farmed on second focus Le. when U=e
thenv=f.

1 1 1 1
Hence. ¥~ 5~ (I-I—U(———J

1 1 1

This is called lens maker's formula.
Now. from eqs. (1) and (2). we get

1. L.

—_— 0 ———

f v u
This is the farmula of focal length of thin lens.
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Q1lo.

Sol.

QlL

Sol.

Calculate the radius of curvature of an
equi-concave lens of refractive index 1.5, when it is

kept in a medium of refractive index 1.4, to have a
power of -5D? (CBSE2019)

Given. p=ld . py=15. P=-5D

Using lens maker's formula.

Show that the least possible distance between an
object and its real image in a convex lens is 4f,
where fis the focal length of the lens.

(CBSESQP 2023-24)
Suppose | Is the real image of an object O. Let d be
the distance between them. If the image dlistance Is
x. the object distance will be (d— x).

Thus, u=-(d—x)and v =+ x
Substituting In the lens formula. we have
] ] 1

ar

or x2=xd-fd=0

Qle.

For a real image. the value of x must be real ie.
the roots of the above equation must be real. This Is
possible if

d? < 4fd
ar d=4f

Hence. 4f Is the minimum distance between the
abject and its real image farmed by a convex lens.
A beam of light converges at a point P. Draw ray
diagrams to show where the beam will converge if:
(i) a convex lens and (ii) a concave lens is kept in
the path of the beam. (CBSE2019)

Ql3.

Sol.

Q4.

Ans.

Concave lans

() An equi-convex lens of focal length f is cut into
two identical plane convex lenses. How will
the power of each part be related to the focal
length of the original lens?

(ii) Adouble convex lens of + 5D is made of glass of
refractive index 1.55 with both faces of equal
radii of curvature. Find the value of its radius of
curvature. (CBSE2015)

(i) The focal length of ariginal equi-canvex lens Is f.
Let the focal length of each part after cutting
be F.

Here. +t—=

2
F

m|—=
| —

2
F

=F=2f

= f=

N[ 7=

Power of each part will be glven by

P:lzaP:L
F 2f

(ii) From lens maker's formula. we have
1 1
P= (_p - ]) _———

i) |

oF  E=055x2
R

R,:Rand}
Ry =-R

_0.55x2
5
=022 m=22cm

R

Write two characteristics of image formed when
an object is placed between the optical centre
and focus of a thin convex lens. Draw the graph
showing variation of image distance v with object
distance v in this case.
Characteristics of the image formed

(I) Virtual (i) Enlarged.
(1if) On the same slde of the abject (any two)
The lens formula:

< | =
Cl—
=
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For virtual Image
uls -ve. vis -ve and fls +ve
So, the equation becames,
1T 1 1
.

v u f
which [s a stralght Une In the form y=mx -c¢

/v
/ 1/u

1/f
7|

Q15. The figure shows a ray of light falling normally on
the face AB of an equilateral glass prism having

refractive index %, placed in A

. 4
water of refractive index g

Will this ray suffer total

internal reflection on striking B C

the face AC? Justify your

answer. (CBSE 2013)
4

Ans. Glven. refractive index of water. #W:E

Refractive Index of glass prism. p x;

Far total internal reflection occurrence the Incldent
angle must be greater than critical angle.
Let us calculate critical angle C.

As we know that, SInC:&

refractiveindex of glass ()

where. = CefractiveIndex of water (TR

1 1 1

sinC e - -
ok {3_f2J 5/8
R RCE
8
= sinC=2=088
- C=sin~'(0.88)=616°

As the critical angle. le. 61.6" is greater than the
angle of Incldence. ie. 60° hence total internal
reflection will not occur.

ERR(DR » ]

Students often get confused between oPg and g*a.

Q16.

Sol

Q7.

SolL

An equilateral glass prism has a refractive index 1.6
in air. Calculate the angle of minimum deviation
of the prism, when kept in a medium of refractive
index 4+/2/5. (CBSE2019)

42

Given.A=60°(forequilateral prism). p, = = Hy=16

The refractive index Is given by

A+8
sln| —&

L.

H sin A
2

where, 5, = angle of minimum devlation.

sin %
16 2

42 gln[ﬁo"J
5 2

= 2x 5ln3[|°=sin[

DD
— ] o) an uﬂl
V2

50°+5m]

2
60°+8
= sin45° = sln[#]
2
= 450289740y
2

= 90°=60°+5,,
= §,=30°
A ray of monachromatic light passes through an
equilateral glass prism in such a way that the angle
of incidence is equal to the angle of emergence
and each of these angles is 3/4 times the angle
of the prism. Determine the angle of deviation and
the refractive index of the glass prism.

(CBSE5QP 2023-24)
Here angle of prism A = 60° angle of incidence iw
angle of emergence e and under this condition angle

of deviation is minimum

r:e:%’q:%xeaa:“f sl PGSR B,

hence. 8,,= 2/— A =2 x45°-60° = 30°

" Refractive Index of glass prism

b |
1]

SIH[ A+ 6ﬂ".' ] Slﬂ( 60°+30°

Q18.

Ans.

2 i ]zsin45°_1/\/§=\5

A 60° sin30° 1/2
sin > sin

Define the magnifying power of a compound
microscope when the final image is formed at
infinity. Why must both the objective and the
eyepiece of a compound microscape has short
focal lengths? Explain. (CBSE2017)
Magnifying Power of Compound Microscope:
Angular magnification or magnifying power of

b e e e e e e e e e e e e e e e —— e — — — —
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Angular magnification and magnifying power are same.

compound microscope Is defined as ratio of angle

made at eye by image formed at infinity to the angle

made by object. if placed at distance of distinct vision

from an unaided eye.

\
Magnification. m ~-L—{1 + EJ
FLF

e

where L Is length of the tube of microscope.
1 1

As, mocf— and mo —

f

o €

. Both eyeplece and objective must be of smaller
focal lengths, so that magnification s higher.

TiP:

Q19.

SalL

Q20.

SoL

You are given two converging lenses of focal
lengths 1.25 cm and 5 cm to design a compound
microscope. If it Is desired to have a magnification
of 30, find out the separation between the objective
and the eyepiece. (CBSE2015)
Given.

f,=125cm

fo=5cmand m=30
. Magnlfication of compound microscope

) _Lf,,0
mfmo)(mekf— +f_
aQ

e
(
30- LLHE)

125 5
30 x1.256=6L
el N T
6
=625cm

A small telescope has an objective lens of focal
length 150 cm and eyepiece of focal length 5 cm.
What is the magnifying power of the telescope for
viewing distant objects in normal adjustments?

If this telescope is used to view a 100m tall tower
3km away, then what is the height of the tower
formed by the objective lens? (CBSE 2015)
For telescope,

Focal length of objective lens, f, =150 cm

Focal length of eye lens, f, = 5 cm

f
e ﬂ‘];’x_o

For abjective lens, LI A

Vo Yo fo

1 1

1
15 v, (-3000)

[s]

1 1 1

- B T | S
v, 15 3000
Vo=15m
. , hn' Yo
. Magnification, — = —
hD UO
V
b =—2xh,
UO
4 18 x100=0.05m

3000

Hence. helght of the tower = 5 cm

Q21. Inan astronomical telescope, in normal adjustment

Ans.

a straight black line of length L is drawn on the
objective lens. The eyepiece forms a real image
of this line whose length is [. What is the angular
magnification of the telescope? (CBSESQP2023-24)
Let f,and f, be the focal lengths of the objective
and eyeplece respectively. For normal adjustment.
distance from the oblective to the eyeplece (tube
length) = f, + f,. Treating the line on the objective as
the object and the eyeplece as the lens. u = =(f, + f.)
and f=f,

Vv =1-(F, +F) = 1/f,

or /v ="VF, - Uf+ F=F /(F,+ f) F.

or v=(f, + L)L,

Magnlfcatlon = [v/ul = f,/f, = Image slze/oblect slze
=1l/L

o f,/F, = L/l = magnification of telescope In normal
adjustment.

'@, Short Answer Type-1i Questions AN

QL An object is placed at (i) 10 cm, (ii) 5 cm in front

of a concave mirror of radius of curvature 15 cm.
Find the position, nature and magnification of the
image in each case. (NCERT EXERCISE)

SolL The focal length, f=-15/2 cm =-7.5 cm

(1) The object distance. u = -10 cm.
1 1 1

—_———m—

v =10 -75
i 10x75 —_30cm
-25

The Image is 30 cm from the mirror on the same
slde as the object.

Also magnification, ,_ v _ _(30) _ 5

(-10)

The image is magnified. real and Inverted.
(ii) The object distance, u= -5 cm.
1T 1 1

v 5 5
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Get More Learning Materials Here : &

@ www.studentbro.in



Get More Learning Materials Here : &

_ 875

V——(7T_5)=]5CITI

ar

This image Is formed at 15 cm behind the mirror. It is
a virtual image.
B

(-5)

The image is magnified virtual and erect.

v
Magnification m= 5

Q2. Abeam of light converges at a point P. Now a lens is
placed in the path of the convergent beam 12 cm
from P. At what point does the beam converge if the
lens is (i) a convex lens of focal length 20 cm and
(ii) a concave lens of focal length 16 cm?

(NCERT EXERCISE)

Ans. The point P on the right
aof lens works as a virtual
source whose real Image | \‘H\_

is formed at P IC 2P
(i) For Convex Lens: | LA
u=-+12cm. 12 cm
f=+20cm.
1 1 1
v u f
o Jo1,1
v u f
1,1 . 5+3 8
12 20 60 60
or v:%:?.Scm.

The beam converges at 7.5 cm fram the lens.
(ii) For Concave Lens: u=+12 cm, f=—16 cm.

3 s s

11
v o F 12 16 48
v=48cm.

~

12 cm
>

The beam diverges at 48 cm fram the lens.

Q3. (i) Monochromatic light of wavelength 589 nm
is incident from air on a water surface. If p for
water is 1.33, find the wavelength, frequency and
speed of the refracted light.

(ii) A double convex lens is made of a glass of
refractive index 1.55, with both faces of the
same radius of curvature. Find the radius of
curvature required, if the focal length is 20 ¢cm.

(CBSE2017)

SolL () Inrefraction. frequency remains same so.

vrefracmd beam = Vinciden{ beam

v, v?\,l K\
Also, Riimg s e

= [ vevi]
Vy VA, A

_ v _30x10°

= =225x108ms™!
Hy 133

= VZ

A
Ny=—L1 =299 _ 442 85-443nm
By 133
So, wavelength of refracted beam = 443 nm and
its speed = 225 x 108ms™.

(i) For a biconvex (double convex) lens. using lens
maker's formula.

1 1
Lol ) S
o faa)
Here. f=20cm. u=155 = R,=+R and R,=-R

1 2
—=(p-1)—=
We have. F (n-1) R

= R=2(u-1)f =2(1.55-1)x20
=22 am
" Required radius of curvature is 22 cm.

Q4. A symmetric bi-convex lens of radius of curvature
R and made of glass of
refractive index 1.5 Is placed
on a layer of liquid placed
on top of a plane mirror
as shown in the figure. An
optical needle with its tip ™ SEESBARTEE
on the principal axis of the lens in moved along
the axis until its real, inverted image coincides
with the needle itself. The distance of the needle
from the lens is measured to be x. On removing
the liquid layer and repeating the experiment, the
distance is found to be y. Obtain the expression for
the refractive index of the liquid in terms of x and
y. (CBSE 2018)

Ans. First measurement gives the focal length (fﬂq:x)
of the combination of the convex lens and the plano-
convex liquid lens. Second measurement gives the
focal length (fi=y) of the convex lens. Focal length
(f,) of plano-convex lens Is given by

= o 2 -()
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Q5.

Sol

Q6.

SolL

Get More Learning Materials Here : &

On applylng lens maker’s formula for plano-convex
lens.

Here. R,=-R and R,== and let y; = refractive

Index of Uquid

1 1 4
r_“”(“*‘n[ﬁ‘Z]

2

- el

w=1 L

= =T

I f2

From eqs. (1) and (2). we have

l_]_r:.j]— y :]_u
L. i X
%)
_2x-y

X

The focal length of a convex lens made of glass of
refractive index (1.5) is 20 cm. What will be its new
focal length when placed in 2 medium of refractive
index 1.257 Is focal length positive or negative?
What does it signify?

Focal length of convex lens in air, f; =20cm
Refractive Index. a“g =15

Refractive index of medium, “Hp =125< Hg

If £, is the focal length of lens in medium. then
using lens maker's farmula.

o 11
- o )| L -(1)
7 (ng )[”1 Rz]
a
H
sl o oA [i-i) 2
by M R Ry
Dividing eq. (1) by eq. (2), we get
1
o rg-) _
fo 0 = ¢ oo |15
== | _Pg_j [i_}
- 125
m O'um
=20x25=50cm

Hence, focal length of lens in medium is positive

which signifies that nature of convex lens will

remain same in medium.

A parallel beam of light strikes a glass (n = 3/2)
sphere of 20 cm diameter. Where will it get focused
on the other side of the sphere?

Let C be the centre and P, and P, be the poles of
the sphere. A ray OA parallel to a diameter (s first
refracted into the glass along AB. appearing to meet
the diameter at /' and then refracted out Into air
alang BI. being finally focused at L

Glass

)
S 20 emies

P;

For refraction at A from air to glass, we have

n 1 n-1

vV o u R

Here.uw o R=+10 cm and n= 3/2.
32 1 (3/2)-1

% @ 10

ar ve Al's + 30 cm.
I' serves as virtual abject for refraction at B, from
glass to air. For this, we have

1/n 1 (1/n)=1

v u R

Now, u = Pyl" & PI' = PP = 30 = 20 = +10 cm and
R=-10 cm.
23 1 _-W3_1
v 10 -10 30
or v=FPl=+5cm.

The beam Is finally focussed at 5cm behind the
sphere.

Q7. (1) A ray of light incident on face AB of an

equilateral glass prism, shows minimum
deviation of 30°. Calculate the speed of the

light through the prism. (CBSE2017)
A

B C
(ii) Find the angle of incidence at face AB so that
the emergent ray grazes along the face AC.

SoL (f) Given, angle of minimum deviation, §,,=30°

-+ Angle of prism, A=60°
By prism formula. refractive index.

A+d o °
Sin[—m sln[—aa +60

2 2

]_|_ 1]

- ==
Sh‘l(g) Sfﬂ{ 20 ]

sin45° 1

= = 2 =

sin30° 5 V2

_ Speed of light in vacuum (c)
Speed of light in prism (v)

c 3x108
= Va— =—/—
TN )

Speed of light through prism s 212x10%ms™ .

ms ' =212x108ms ™!
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Q 8. Draw a ray diagram to show the refraction of light

Ans.

(i) At face AC. let the angle of Incldence be .
Far grazing ray. e = 90°

= pe ] =l ¢ --:sin']/ - ]LASD
sinr, . lUE

Let angle of refraction at face AB be r,.
Now ri+r=A
; n=A-r;=60°-45"=15"
Let angle of Incldence at this face be L
sini
H=
sin f']

sini
= 2:—
R \/_ sin15°

I=sin™ (V25in15°)

through a glass prism. Hence derive the relation

sin[A +8 J
2
sinA/2

Refraction through a glass prism: Let a light ray
is incident on the principal section ABC of a glass
prism as shown in figure
In quadrilateral AQONR,

ZA+90°+ ZQNR+90°=360°

sy A+ ZQNR=180° _()

p= (CBSE 2017, 16)

Angle of deviation (&)
(=]
3

Angle of Incidence (1)

@ TiP:

‘[' Graph Is very important (for practical and viva also).

In AQNR, ry+r; +Z0NR=180° -(2)
From eqs. (1) and (2). we have

n+rn=A +(3)
Now. total deviation

d=(i-n)+(e-ry)=(l+e)-(r+r;)

- d=l+e-A (&)
But when 8=b, ., iwe
and n=rp=r

From eq. (3). 2r=A

r=A/2
From eq. (4). 5, =2i-A
= I=(A+5, )2
N Sm[mam ]
Hence. = B0 =

Tsinr sinA/2

G- TiP:

'I" Students should practise a few numerical problems

Q9. Aray of light incident on the face AB of an isosceles
triangular prism makes an angle of incidence i and
deviates by angle } as shown in the figure. Show
that in the position of minimum deviation /f = Za.
Also find out the condition, when the refracted ray
OR suffer total internal reflection. (CBSE2019)

Ans. Given, « = 60° (for isosceles triangle)

n=90"-Band ry=p-30°
For minimum deviation. r = r;
= 90°-B=p-30°

=5 2B=120°0rp=60"=a
£B=ZLa
1
For total internal reflection. SH
sini-

SB[ ry=l=60°-30° 307

based on the relationship between the refractive index
and critical angle.
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Q10. A triangular prism of refracting angle 60° is made
of a transparent material of refractive index 2 / J3.
A ray of light is incident normally on the face KL as
shown in the figure. Trace the path of the ray as it
passes through the prism and calculate the angle
of emergence and angle of deviation. (c85£2019)

7
Sol Given, A=60° H® 7;::0“

- A+6m
& 2
S, p= A
sin—
2
o
2 2
s —_——=
‘E SiI'I[GD }
Z
—

8m=353"x2-60°
. Angle of deviation, 8,,, = 10.5°
Also. A+b,=i+e
Angle of deviation,
e=60°+10.5"-0°=705°

Q1L (i) Draw a ray diagram depicting the formation
of the image by an astronomical telescope in
normal adjustment.

(il) You are given the following three lenses. Which
two lenses will you use as an eyepiece and
as an objective to construct an astronomical
telescope? Give reason. (2017)

Lenses Power (D) | Aperture (cm)
L 3 8
L, 6 1
Ly 10 1

Ans. (I) Anastronomical telescope Is an optical Instrument
which is used for observing distinct images of
heavenly bodles like planets, stars etc. It has

two convex lens (objective and eye lens) placed
coaxially and separated by some distance in
normal adjustment. Final image is formed at
Infinity as shown belaw.

Objectlive lens

fg4b+1— rr;—"'l
Eye lens

(i) In the astronomical telescope, aperture of
objective must be less than eyeplece. Therefore,

possible combinations are L, and Ly or L, and
L, . Also. focal length of the objective (f,) must

be greater than that of eyeplece (f,).
1

fo>fe = l"_<f_

a e
=5, Po <F“,_>

- Power of oblective (P,) must be less than

power of eyepiece (P,).

Now. for [, and Ly combination.
h|.E 10
f ] A 3

@ e}

For L, and L, combination,
[&] ikt
fo L P 3

f f
Therefare. {f—ﬂ] >[f—°]
e)1 \'e/z

The best combination of the lenses is L, and Ly

Q12. (i) Draw a ray diagram showing the formation of
image by a reflecting telescope.

(ii) Write two advantages of a reflecting telescope

over a refracting telescope. (CBSE2017,16,15)

Ans. (I) Ray dlagram showing the formation of Image by
a reflecting telescope.

- !\ Objeclve
. 3 mirror
—E ‘E-/Seoondary !
Eow mirror
ESz )
S .
= E\ / Eyeplocs

(i) Advantages of Reflecting Telescope:

(a) Reflecting telescopes have high resolving
power due to a large aperture of mirrars.

b e e e e e e e e e e e e e e e —— e — — — —
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(b) Due to avallability of parabololdal mirrar. the
image Is free from chromatic and spherical
aberratlon.

Q13. (i) Draw a ray diagram of compound microscope
far the final image formed at least distance of
distinct vision.

(ii) An angular magnification of 30 times is desired
using an objective of focal length 1.25 cm and
an eye piece of focal length 5 ecm. How will
you set up the compound microscope for the
final image formed at least distance of distinct
vision? (CBSESQP 2022 Term-2)

Ans. () Ray dlagram of compound microscope. when
final Image Is formed at least distance of distinct
vislon, shown below.

Objective

(i) Given angular magnification. m = 30

Focal length of objective, f,=125cm
Focal length of eyeplece. f, =5cm

When image Is formed at least distance of
distinct vision, then D =25 cm.

-. Angular magnification of eyepiece,

~. Total angular magnification,

me=m,-m,
m 30
= my,=—=—=5
m 6

2
As the oblective lens forms the real Image.

v
Hence. m, =—2%=-5
UO

= 0 o (1)

= u,=- 1.5 cm

- Frameg. (1) Vo =-5%(15)=7.5cm

Again. for eyeplece; v, = —-D=-25cm

fe=5 cm, U, =7?

T 1 1
Using lens formula, — ——=—
Ve e F

= Up w26—5cm

Thus. oblect should be placed at 1.5 cm from the
objective.
Separation between the two lenses.

Lov, +lu,|

§| =11.67Cm
6

Q14. (i) Draw a ray diagram of Astronomical Telescope
for the final image formed at infinity.
(ii) A small telescope has an objective lens of focal
length 140 cm and an eyepiece of focal length
5.0 cm. Find the magnifying power of the
telescope for viewing distant objects when

=75+

(a) the telescope is in normal adjustment,
(b) the final image is formed at the least
distance of distinct vision.
(CBSE 5QP 2022, Tarm-2)
Ans. (I) The ray diagram of astronomical telescope for
the final Image farmed at Infinity Is shown below:

< fo -t iy —|
Eyeplece

B R Fu/\/f%
7] BT

(Ii) Glven, £, =140 cm. f, =5cm

(3) In normal adjustment. magnifying power of

%0 _
5

f
telescope. m = ?Q- = 28

e

(b) Magnifying power of telescope. when final
image is formed at least distance of distinct
vislon,

f f
muw-2 'I+—E']
fe[ D
140 5
=— l+—=
5 25

= ZB[E ]: 336
5
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-§) Long ANSWer Type Questions N

QL (i)

(ii)

Ans. (1)

Derive the mathematical relation between
refractive indices n; and n, of two radii and
radius of curvature R for refraction at a convex
spherical surface. Consider the object to be a
point since lying on the principle axis in rarer
medium of refractive index n, and a real image
formed in the denser medium of refractive
index n,. Hence, derive lens maker’s formula.
Light from a point source in air falls on a convex
spherical glass surface of refractive index 1.5
and radius of curvature 20 cm. The distance of
light source from the glass surface is 100 cm.
At what position is the image formed?
(CBSE2016)

Flgure shows the geometry of formation of
Image [ of an object O on the principal axis of a
spherical surface with centre of curvature C. and
radlus of curvature R. The rays are Incident from
a medium of refractive Iindex n, to another of
refractive index n,.

r Y

We have. for small angles.

MN
tan ZNOM & —
an T
tan2NCm =N
MC
tan ZNIM =M
Ml

Now. for ANOC. [is the exterlor angle.
Therefore.
I=ZNOM+ ZNCM
Famel . g MO ()
oM MC
Similarly.
r=ZNCM— ZNIM
g, e MN -(2)
MC Mi
Now, by Snell's law
nysini=nysinr
ar for small angles

ny[=nr
Substituting / and r from egs. (1) and (2). we get
v I Ty -(3)
oM Ml MC

Here. OM. MI and MC represent magnitudes
of distances. Applying the cartesian sign
convention.

OM=—u. Ml=+v. MC=+R
Substituting these In eq. (3). we get
N m_np-n (@)
v ou R
Eq. (4) glves us a relation between object and
image distance In terms of refractive index of
the medium and the radius of curvature of the
curved spherical surface.
Apply above relation to refraction through a
lens.
From the figure (a).
A

ii B ._:: D i =|N'
'
(a)
L e !
0B B, BC, (5)

A similar procedure applled to the secand Interface
ADC gives

(see fig. (b) and (c))

l}llA

S BB (6)
D, DI DG,

For a thin lens Bl = Dk,
Adding eqs. (5) and (6). we get

L I SO .
os o1~ (" ”‘)(BC,+DC2 4

Suppose the abject is at infinity, i.e. 0B — = and
Dl = f. eq. (7) gives
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G- TiP:

T The focal length of a lens is minimum when it is placed
in

length increases.

By the slgn convention
BG = +R,
DG, =—R;
Sa. eq. (B) can be written as

1 1 1) (
i) o] o

Eq. (9) Is known as the lens maker's formula.

vacuum. When it is taken in some other medium focal

Qe

Ans.

(i) Finding position of Image formed by convex
spherical glass surface.

Given,
R=20cm.
Ny =15,
=1
u=-=100 cm
from eq. (4).
by W B Ty
v R u
15 . 15=1 1
v 20 (-00)
15 05 1
v 20 100
v =100 cm

Hence, v = 100 cm, a real image on the other
side, 100 cm away from the surface.

(i) Draw a ray diagram for the formation of image
of a point object by a thin double convex lens
having radii of curvature R, and R,. Hence
derive lens maker’s formula.

(ii) A converging lens has a focal length of 10 cm
in air. It Is made of a material of refractive index
1.6. If it is immersed in a liquid of refractive
index 1.3, find its new focal length.

(CBSE 5QP 2023-24)

When a ray refracts from a lens (double convex), in
above figure. then its image formation can be seen
In term of two steps:

Step 1: The first refracting surface forms the Image
I, of the abject O

B\n,/D Ly I I

ny n
Step 2: The Image of object O for first surface acts
like a virtual object for the second surface. Now for

the first surface ABC. ray will move from rarer to
denser medium, then

.EZ—-+—EJ~2:-———-—-”2 _ n] _.(])
6, 08B  BC

Similarly, for the second Interface, ADC we can write
A TR -(2)
DI DI, DC,

DI, Is negative as distance Is measured against the
direction of incident light.
Adding eqs. (1) and (2). we get

e e Jo— Iy, =T

B, 08 DI DI, BC DG,

n.m 1 1
i R T W | B (3
°r o' og= " ”')(Bc] +ocz) @)
(for thin lens Bl = D)

Now, if we assume the aobject to be at infinity ie
0B — w, then its image will form at focus F (with
focal length ), Le.

Di=f. thus eq. (3) can be rewritten as

ﬁ+ﬁ=(n _n'f] L-l-_]'
foee 2 BC, DC,
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Q3.

Ans.

n T
or i R - R S W (4
Now according to the sign conventions

BCL =+ R] al‘ld DC2 == RZ .(5)

Substituting eq. (5) In eq. (4). we get

LU PSR S
f—(ﬂz ”1)(R] Rz]

This Is the lens maker's formula

i L-oe —1)[9% - E‘;] )

a

-l

From egs. (1) and (2).

f_f:[ %ma]:;f - 26x10cm= f = 26cm

f, | 03 ‘ ‘

(i) Draw a ray diagram showing refraction of a ray
of light through a triangular glass prism. Hence,
obtain the relation for the refractive index ()
in terms of angle of prism (A) and angle of
minimum deviation (5,,).

(ii) The radii of curvature of the two surfaces of a
concave lens are 20 cm each. Find the refractive
index of the material of the lens if its power is
—-5.0D. (CBSE 2023)

(i) Refraction of ray of light through a triangular
glass prism:

The figure below shows the passage of light
through a trlangular prism ABC

The angles of incidence and refraction at first face
AB are i and r;. The angle of incidence at the second
face ACIs r; and the angle of emergence s e.
The angle between the emergent ray RS and incident
ray PQ s called angle of deviation (3).
S=(l+e)=(rn+r)
n+r=A
, d=(l+e)—A
If p Is the refractive Index of material of the prism.
then
S=(u=1A

This Is the angle through which a ray deviates on
passing through a thin prism of small refracting
angle A

If the angle of Incldence Is Increased gradually.
then the angle of deviation first decreases. attains
a minimum value (5,) and then again starts

increasing,
N

[=2]

gv:

Angle of deviation

| I

Angle of incidence
When angle of deviation is minimum, the prism is
sald to be placed in the minimum devlation position.

There is only one angle of incldence for which the
angle of devlation Is minimum.

When & = &, (prism in minimum devlatlon position)

El'.'!['
and r=n i)
n+ry=A
r+r=A
A
or re—
2
Also. we have
A+d=l+e (2)
Putting 8 = 8, and e = i in eq. (2). we get
A+ (Sm =[+1
 [A+S,
= I= >
From Snell's law. p = m
sinr
A+d
‘ m
: [ . )
. sin 2
2

This relation Is called a prism formula.
(II) Glven that.
Ry==20cm=-02m
R,=20cm=02m
P=50D
From lens maker's formula.

peiofg-o)

I Z

1
- P S
-9 53 0.2]
~1-1
~5=-0) E}
_2
=B~ ﬁ)
—B=(p -1)x-10
~5-10=-pux10
2153
F*1°2
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Q4. (i) Under what conditions is the phenomenon
of total intermal reflection of light observed?
Obtain the relation between the critical angle of
incidence and the refractive index of the medium.
(ii) Three lenses of focal lengths +10 cm, —10 cm
and +30 cm are arranged coaxially as in the
figure given below. Find the position of the

final image formed by the combination.
(CBSE2019)

+10cm -10cm +30 cm

Ans. (1) The canditions for total internal reflection are:
(a) light must be trying to travel from optically

denser medium to optically Ught medium.
(b) the angle of incidence must be greater than

a certain angle known as critical angle.

Derivation: Suppose light is travellng from
medium 1 to medium 2. When light strikes the
surface separating the media, some of it refracts
and some of it reflects. If we keep increasing the
angle of Incidence. the refracted ray becomes
parallel to the surface. This value of angle of
incidence is known as the critical angle. If we
increase the angle of incidence, even further, we
will have a reflected ray and no refracted ray.
Thus. we will have tatal Internal reflection.

Rarar L
meadium
1
Wi :r r ! | Water-alr
04 O 03,1 D Ou: interface
<S> : " !

I>1
C}. Tolally

raflected ray
Denser
medium

(Water) A c

Total Internal Reflection
Let us consider the condition when the angle of
incidence Is equal to critical angle. I-.

reflected rays

By Snell's law, sink 15

sin90° n,
where. n, and n, are the refractive indices of
medium 1 and medium 2 respectively. Let n,
be the refractive index of medium 1 with respect
to medium 2.
Then.

1

sinf-=—
C
Ny

ic =sin~ L
LY

Thus. we have obtalned the required relation.

(Il Let us conslider the lenses one by one.

The first lens forms an image of the given

abject.
Here. abject distance. u=-30 cm

Focal length, f=+10 cm

Using the lens farmula.

ar -5 A

-
30cm e

5cm W
The Iimage /|, formed by the first lens acts as an
object for the second lens.
Here. object distance. u=+10 cm

Focal length. fe-10 cm
Using lens formula.

V=oo
Let us now conslder the third lens. It Is a
converging lens as it has a positive focal point.
An object at infinlty would have its image at
the focal point (either of the focal points as the

ablect Is In elther direction).
Hence, the final image is formed at 30 cm from
the third lens at either side.

Q5. (i) Draw a ray diagram to show the image

formation by a combination of two thin convex
lenses in contact. Obtain the expression for the
power of this combination in terms of the focal
lengths of the lenses.

(ii) A ray of light passing from air through an

equilateral glass prism undergoes minimum

deviation when the angle of incidence is Zth

of the angle of prism. Calculate the speed of
light in the prism. (CBSE2017)

Ans. (1) Two thin lenses of focal length f, and f, are kept

in contact
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Let O be the position of object and u be the
object distance. The distance of the Image.
which Is at [, for the first lens Is v, This image
serves as object for the second lens.

Let the final image be at [ Then we have,
11 1 t 94 9

— T e e Tt A S

f v, u fzvvl

| O T e V|
Adding. we get f_]*'g =

i 1.1
fR K
PoP i+ P,
(I} Since A= 60° (For equilateral glass prism)

At minimum devlation, r=§=30"

We have gjven that. f=%A=45°

_5in45°
sin30°

Thus, speed of light in the prism
c  3x10°

BB

Q6. (i) When a convex lens of focal length 30 cm is
in contact with a concave lens of focal length
20 cm, find out if the system is converging or
diverging.

(i) Obtain the expression for the angle of
incidence of a ray of light which is incident on
the face of a prism of refracting angle A4, so that
it suffers total internal reflection at the other
face. (Given the refractive index of the glass of
the prism is p1). (CBSE2019)

Ans. (1) Given focal length of convex lens, f; =30 cm
Focal length of concave lens, f; = — 20 cm
Let f be the combined focal length, then
fda 1 1 1 23 1
f f f 30 20 60 60
= f==60cm
Since. fis negative, therefore combined system
s diverging.
(I) Let the ray travel along the face PR for an angle
of incidence I (critical angle)
=]

=2.1x10°% m/s

Q ! R
e=90°
From Snell's law. B i BT (1)

Slnr] Slnr;,_

sin90°
Slnr2

. a1
S o= sinr2=—] = dp=sn [—)
I H

Also, n+r;=A

— n =A-sin™ l
[

Fram eq. (1).
Sinic

=
i)
e

For total internal reflection, the angle of incidence Is

]

Q7. (i) Draw a ray diagram to show the working of a
compound microscope. Obtain the expression
for the total magnification for the final image
to be formed at the near point.

(ii) In a compound microscope, an abject is placed
at a distance of 1.5 cm from the objective
of focal length 1.25 cm. If the eye-piece has
a focal length of 5 cm and the final image is
formed at the near point, find the magnifying
power of the microscope. (CBSE 2023)

Ans. (I) A compound microscope consists of two canvex
lenses co-axlally separated by some distance.
The lens nearer to the object is called the
objective. The lens through which the final image
Is vlewed Is called the eyeplece. The focal length
of abjective lens is smaller than eyepiece.

Eyo lans
E

Objeclive lens

1
I
F
L5 ']
bl

The objective lens forms real and inverted
magnified images A'B’ of object AB In such a
way that A 8 fall some where between pole and
focus of eye lens.
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So. A'B" acts as an oblect for eyeplece and its
virtual magnified image A"B’ formed by the lens.
The magnifying power of a compound
microscope is defined as the ratio of the visual
angle subtended by final image at eye (B) and the
visual angle subtended by object at naked eye,
when both are at the least distance of distinct
vislan fram the eye.

Visual angle withInstrument ()
M= Visual angle when object Is placed at least

distance of distinct vision (a)
p_tanp _BA/y,

= e " no. BAJD

B'A D
=|——|X—=mMm_imn
BA u S

e

m = m, m,. where m, and m, are magnification
produced by objective and eyeplece. respectively.

BA v
Now, m, = BA=—E:
o
D D
m, = e 1+ 7 (by lens formula)
& €

This Is the required expression.
() uy==15cm

fo=125cm.f,=5cm

ve=—D=-25cm

For oblective lens.

Vol 1
fO VO UO
L I
125 v, 15
1. T 1
v. 125 15

(=]

15-1.25
15x125

0.25 1

“15%1.25 7.50

v,=7.5um

15[, 55
5

m—2_5 1+—)=-5><6=—3[]

Q8. (i) Draw the ray dlagram of an astronomical
telescope when the final image is formed at
infinity.

(ii) An astronomical telescope has an objective
lens of focal length 20 m and eyepiece of focal
length 1 cm.

(a) Find the angular magnification of the
telescope.

(b) If this telescope is used to view the Moon,
find the diameter of the image formed by
the objective lens. Given the diameter of
the Moon is 3.5 x 10° m and radius of lunar
orbit is 3.8 x 10% m. (CBSE 2020)

Ans. (I) Ray diagram of an astranomical telescope in
which final image Is formed at Infinity. Is glven
below:

1 Eyepiece
{u

(i) (a) Angular magnlfication.

B _fQ: 20m
a fe WD_EI'T'I

=2000 (- 1cm=10"2m)

Df. 35x10°x20
(b) Dlameter. d=—2="2> "E =018 M
r 3.8x10

Chapter Test

Multiple Choice Questions

_ s m—e—e—-——————r——_—-—-r—_-r-:G—--_-Gr-:r-_-—-—|,:r-r-—rGr—-—:-—-r-—-rr-—-—-—r—-:—r-.-_,,-—-—----—-—--— "7

QL A ray of monochromatic light propagating in air,
is incident on the surface of water. Which of the
following will be the same for the reflected and
refracted rays? (CBSE2023)
a. Energy carried
b. Speed
¢ Frequency
d. Wavelength

Q2. A beam of light travels from air into a medium.
Its speed and wavelength in the medium are
1.5 x 10° ms™! and 230 nm respectively. The
wavelength of light in air will be: (CBSE2023)

a. 230 nm

b. 345 nm

c. 460 nm

d. 680 nm
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Assertion and Reason Type Questions

Directions (Q.Nos. 3-4): /n the following questions, a
statement of Assertion (A) Is followed by a statement of
Reason (R). Mark the correct choice as:
a. Both Assertion (A) and Reason (R) are true and
Reason (R) is the correct explanation of Assertion (A).
b. Both Assertion (A) and Reason (R) are true but
Reason (R) is not the correct explanation of
Assertion (A).
¢ Assertian (A) Is true but Reason (R) Is false.
d. Both Assertlon (A) and Reason (R) are false.

Q 3. Assertion (A): Propagation of light through an
optical fibre is due to total internal reflection
taking place at the core-cladding interface.

Reason (R): Refractive index of the material of
the core of the optical fibre is greater than that of
cladding.

Q4. Assertion (A): The focal length of an equiconvex
lens placed in air is equal to radius of curvature of
either face.

Reason (R): For an equi-convex lens, radius of
curvature of both the faces is same.

Fill in the blanks

Q5. Prisms are designed to bend ray by 90° and 180°
orto............without changing its size by the use of
the total internal reflection.

Q6. Simple microscope is a ............ lens of small focal
length.

Case Study Based Question

Q7. The lens maker's formula is a relation that
connects focal length of a lens to radii of curvature

of two surfaces of the lens and refractive index of

) .1 T
the material of the lens. It is ?‘---(u—l) T )

1 2
where |t is refractive index of lens material with
respect to the medium in which lens is held.

As 1, > L, therefore, f. > /.. Mean focal length of
lens for yellow colouris /' =4//. %X J,,.
Read the given passage carefully and give the
answer of the following questions:

() Focal length of a equi-convex lens of glass

(p, = %) in air is 20 cm. The radius of curvature of

each surface is:

a. 10 cm b. -10 cm
c 20cm d -20 cm
(i) A substance is behaving as convex lens in air and
concave in water, then its refractive index is:
a. greater than air but less than water
b. greater than both alr and water
c. smaller than air
d. almost equal to water.

(iii) For a thin lens with radii of curvatures R, and R,,
refractive index n and focal length f, the factor

1 1.
— — — | is equal to:
[Rx R, )

. b. in-1
¢ f(n=1) A=)
(n-1) n
© 7 )
3
(iv) A given convex lens of glass | u= 7 can behave
as concave when it is held in a medium of p equal
to:
2 £ il
a.l b. 3 C 3 d %

Very Short Answer Type Questions

Q 8. When a glass slab is placed on an ink dot, ink dot
appears to be raised. Why?

Q9. Show analytically from the lens equation that
when the object is at the principal focus, the image
is formed at infinity.

Short Answer Type-l Questions

Q10. Light from a point source in air falls on a spherical
glass surface (n = 1.5 and radius of curvature
= 20 cm). The distance of the light source from the
glass surface is 100 cm. At what position the image
is formed?

Q1ll. In the given figure, the radius of curvature of
curved face in the plano-convex and the plano-
concave lens is 15 cm each. The refractive index
of the material of the lenses is 1.5. Find the final
position of the image formed. (CBSE2023)

ui
-, _/

20 cm

Q12. (i) The radii of curvature of the faces of a double
convex lens are 10 cm and 15 cm. Its focal
length is 12 cm. What is the refractive index of
glass?

(ii) Calculate the speed of light in a medium whose
critical angle is 30°.

Short Answer Type-ll Questions

Q13. (i) Calculate the distance of an object of
height h from a concave mirror of radius of
curvature 20cm, so as to obtain a real image
of magnification 2. Find the location of image
also.
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(i) Using mirror formula, explain why does a
convex mirror always produce a virtual image?

Q14. Define critical angle for a given pair of media
and total internal reflection. Obtain the relation
between the critical angle and refractive index of
the medium. (CBSE 2023)

Q15. (i) How is the waorking of a telescope different from
that of a microscope?
(ii) The focal lengths of the objective and eyepiece of
a microscope are 1.25 cm and 5 cm, respectively.
Find the position of the abject relative to
the objective in order to obtain an angular
magnification of 30 in normal adjustment.

Long Answer Type Questions

Q16. (i) Under what conditions is the phenomenon
of total intemal reflection of light observed?
Obtain the relation between the critical angle of
incidence and the refractive index of the medium.

(ii) Three lenses of focal lengths +10 cm, —10 cm
and +30 cm are arranged coaxially as in the

Ql7. (i)

(ii)

figure given below. Find the position of the
final image formed by the combination.

+10cm -10cm +30cm

+— 30 cn —>
e
Scm  10cm

Derive the mathematical relation between
refractive indices n; and n, of two radii and
radius of curvature R for refraction at a convex
spherical surface. Consider the object to be a
point since lying on the principle axis in rarer
medium of refractive index n, and a real image
formed in the denser medium of refractive
index n,. Hence, derive lens maker's formula.

Light from a point source in air falls on a convex
spherical glass surface of refractive index 1.5
and radius of curvature 20 cm. The distance of
light source from the glass surface is 100 cm.
At what position is the image formed?
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