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CHAPTER

GEOMETRICAL OPTICS

Light Brings us the news of the universe

"SIR WILLIAM BRAGG"

INTRODUCTION

ight form of radiant energy, that is energy emitted by excited atoms or molecules
which can cause the sensation of vision in a normal human eye.

The branch of Physics which deals with the phenomena concerning light is called
Optics. There are two branches of Optics :

(@ Geometrical Optics :

This consists the study of light in which light is considered as moving along a
straight line as a ray. A ray of light gives the direction of propagation of light. When
light meets a surface which separates two media, reflection and refraction take place.
An image or an array of images may be formed due to this.

(b) Physical Optics :
It deals with the theories regarding the nature of light and provides an explanation

for the different phenomena in light, such as reflection, refraction, interference,
diffraction, polarisation and rectilinear propagation.
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Ex.

Sol.

Sol.

Sol.

Sol.

An extended object is placed perpendicular to the principal axis of a concave mirror of radius of curvature
20 cm at a distance of 15 cm from pole. Find the lateral magnification produced.

u=-15cm =—10cm
) 1 1
Using —t+—== we get, v=—-30cm
= v u f
Y
m=-—-——=-2

u

f -10
Aliter : m= -2

f-u -10—(-15)

A person looks into a spherical mirror. The size of image of his face is twice the actual size of his face. If
the face is at a distance 20 cm then find the nature and radius of curvature of the mirror.

Person will see his face only when the image is virtual. Virtual image of real object is erect.

Hence m=2

- T =2 = v=40cm

11 1
Applying V+a =1 f=—40cm or R=-80cm (concave) .. R.O.C. =80 cm

f _f
= 2TF (20

= f=-40cm or = —80cm (concave) -~ RO.C.=80cm

An image of a candle on a screen is found to be double its size. When the candle is shifted by a distance
5 cm then the image become triple its size. Find the nature and ROC of the mirror.

Since the images formed on screen it is real. Real object and real image implies concave mirror.

f 2= f 1
—u or —2=T7777 e 1)

Applying m =

f
= m ................. ?2)

[Whyu+ 57?7, whynotu—>5:In aconcave mirror, the size of real image will increase, only when the real
object is brought closer to the mirror. In doing so, its x coordinate will increase]

From (1) & (2) we get,

f=-30cm or R =-60 cm (concave) and R.O.C. = 60cm

After shifting -3

A point object is placed 60 cm from pole of a concave mirror of focal length 10 cm on the principle axis.

Find

(a) the position of image

(b) If object is shifted 1 mm towards the mirror along principle axis find the shift in
image. Explain the result.

(a) u=-60cm
f=-10cm

fu  -10(-60) 600
u—f = -60-(-10) " —50 _
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V= —12 cm.
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GEOMETRICAL OPTICS

(i) A diver in water at a depth d sees the world outside through a horizontal circle of radius. r=d tan 0 .

(ii) In case of total internal reflection, as all (i.e. 100%) incident light is reflected back into the same medium there is no

OS KEY POINTS

loss of intensity while in case of reflection from mirror or refraction from lenses there is some loss of intensity as
all light can never be reflected or refracted. This is why images formed by TIR are much brighter than formed by
mirrors or lenses. y

Sol.

Sol.

Sol.

A rectangular block of glass is placed on a printed page laying on a horizontal surface. Find the minimum value of

the refractive index of glass for which the letters on the page are not visible from any of the vertical faces of the
block.

The situation is depicted in figure. Light will not emerge out from the vertical face BC if at it

1 . 1
i>0, or sini>sin O, = sini> —{as sin . = —} . (D
u D c
But from Snell'slawatO 1 X sin@=psinr \
Andin AOPR,r+90+i1=180 = r+i=90° = r=90-1i R 2P
r
. . . . . sin@ A 0 B
Sosin®=psin (90—i)=pcosi = cos1=—— S
u ' paper
ol
So sini=+/1 —cos’i = 1—{2} ... (i)
u
so substituting the value of sin i from equation (ii) in (i),
sin®6 1 . .
1- % > ; le,wW>1+sin’0 ~ (sin?6) =1 - W’>2=pu>H - p =

Find the maximum angle that can be made in glass medium (u = 1.5) if a light ray is refracted from glass to
vacuum.

1.5 sin C =1 sin 90°, where C = critical angle.
sinC=2/3
C=sin"'2/3

Find the angle of refraction in a medium (p = 2) if light is incident in vacuum, making angle equal to twice the
critical angle.

Since the incident light is in rarer medium. Total Internal Reflection can not take place.

1
C=sin" E =30° = 1=2C=60°

Applying Snell’s Law.  15sin 60°=2sinr

sinr= — = r=sin! 4 |

4
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= L — =

REFLECTION

1. Law of Reflection :

The incident ray (AB), the reflected ray (BC) and normal (NB) to the surface (SS') of reflection at the point of
incidence (B) lie in the same plane. This plane is called the plane of incidence (also plane of reflection).

The angle of incidence (the angle between normal and the incident ray) and the angle of reflection (the angle
between the reflected ray and the normal) are equal

A normal

In vector form

5 BT T R Ry IR R R R R LY S

B

2. Object :
Real: Point from which rays actually diverge.

Virtual : Point towards which rays appear to converge

3. Image :

Image is decided by reflected or refracted rays only. The point image for a mirror is that point towards which the
rays reflected from the mirror, actually converge (real image).

OR

From which the reflected rays appear to diverge (virtual image).

4. Characteristic of Reflection by a Plane Mirror :
The size of the image is the same as that of the object.
For areal object the image is virtual and for a virtual object the image is real.

For a fixed incident light ray, if the mirror be rotated through an angle 0 the reflected ray turns through an angle
20 in the same sense.

360

5. Number of images (n) in inclined mirror ~ Find o m

(i) If m even, thenn =m— 1, for all position of object.
(ii) If m odd, then n = m, If object not on bisector and n =m — 1, If object at bisector

(iii) If m fraction then n = nearest even number
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SOLVED EXAMPLE

Ex.1  Figure shows an object AB and a plane mirror
MN placed parallel to object. Indicate the mirror
length required to see the image of object if

observer’s eye is at E.

Sol.  Required length of mirror = MN.

Ex.4

See the following figure. Which of the objects
shown in figure will not form its image in the
MIITOor.

.'::'. iD.
M TTITIITIT N

Sol.

Sol. ATy
M 4]

Ex.3

M
A
Sol.
1IE
B
r
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Noray from Oj is incident on reflecting surface of
the mirror, so its image is not formed.

An object is kept fixed in front of a plane mirror
which is moved by 10 m/s away from the object,
find the velocity of the image.

v}M = _VOM

Vie ~VYme =—Voie + VM

- VigtVos Vig
= Vme =7 T2

(VoG =0)

\ . - A
‘—2’G =10im/s = V; g =201 ms

Find the position of final image after three
successive reflections taking first reflection on

1st reflection at my

u=-15cm
f=-10cm
1 1 1 -=-3+2 1
—t—=— = -
v u f 30 30
v=-30cm

2nd reflection at plane mirror :
u=5cm

v=—5cm

For III reflection on curved mirror again :

u=-20cm

-
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Exercise # 1 /

1.

_—

7/ A

Two vertical plane mirrors are inclined at an angle
of gpo with each other. A ray of light travelling
horizontally is reflected first from one mirror and
then from the other. The resultant deviation is

(A) 60° (B) 120°
(©) 180° (D) 240°

A plane mirror reflects a pencil of light to form a real
image. Then the pencil of light incident on the mirror
is

(A) Parallel
(C) Divergent

(B) Convergent
(D) None of the above

What should be the angle between two plane mirrors
so that whatever be the angle of incidence, the
incident ray and the reflected ray from the two
mirrors be parallel to each other

(A) 60° (B) 90°
(©) 1200 (D) 175°

A plane mirror reflecting a ray of incident light is
rotated through an angle 6 about an axis through
the point of incidence in the plane of the mirror
perpendicular to the plane of incidence, then

(A) The reflected ray does not rotate

(B) The reflected ray rotates through an angle 6
(C) The reflected ray rotates through an angle 20
(D) The incident ray is fixed

A plane mirror is approaching you at a speed of
10cm/sec You can see your image in it. At what
speed will your image approach you

(A) 10cm / sec (B) 5cm /sec
(C) 20cm / sec (D) 15¢m /sec

A light bulb is placed between two plane mirrors
inclined at an angle of 60°. The number of images
formed are

(A)6 (B)2

©5 D)4

It is desired to photograph the image of an object
placed at a distance of 3m from the plane mirror.
The camera which is at a distance of 4.5m from the
mirror should be focussed for a distance of

(A) 3m (B) 4.5m
(©) 6m (D) 7.5m

10.

11.

12.

13.

14.

etoosindia.com

A thick plane mirror shows a number of images of
the filament of an electric bulb. Of these, the

brightest image is the
(A) First (B) Second
(C) Fourth (D) Last

A man is 180cm tall and his eyes are 10 cm below
the top of his head. In order to see his entire height
right from toe to head, he uses a plane mirror kept at
adistance of 1m from him. The minimum length of
the plane mirror required is

(A) 180cm
(C) 85cm

(B) 90cm
(D) 170cm

A person is in a room whose ceiling and two
adjacent walls are mirrors. How many images are
formed

(A)5 (B)6
O7 (D)8

A convex mirror of focal length fforms an image which

1
is . times the object. The distance of the object from

n—1
® (=)

(D) (+ 1y

the mirror is

(A) (n-1)f

n+1l
(C)( " )[

A diminished virtual image can be formed only in

(A) Plane mirror (B) A concave mirror
(C) A convex mirror

(D) Concave-parabolic mirror

Which of the following could not produce a virtual
image

(A) Plane mirror

(B) Convex mirror

(C) Concave mirror

(D) All the above can produce a virtual image

An object 5., tallis placed 1, from a concave
spherical mirror which has a radius of curvature of
20¢m The size of the image is

(B) 0.50cm
(D) 0.60cm

(A) 0.11cm
(C) 0.55cm
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Exercise # 2 [

1.

v/ 4

Two mirrors are inclined at an angle 0 as shown in
the figure. Light ray is incident parallel to one of the
mirrors. Light will start retracing its path after third
reflection if :

(A) O=45°
(C)0=60°

(B) ©=30°
(D) all three

Two plane mirrors are inclined to each other at an
angle 60°. Ifa ray of light incident on the first mirror
is parallel to the second mirror, it is reflected from
the second mirror

(A) Perpendicular to the first mirror
(B) Parallel to the first mirror

(C) Parallel to the second mirror
(D) Perpendicular to the second mirror

A point object is kept in front of a plane mirror. The
plane mirror is performing SHM of amplitude 2 cm.
The plane mirror moves along the x-axis and x- axis
isnormal to the mirror. The amplitude of the mirror is
such that the object is always infront of the mirror.
The amplitude of SHM of the image is

(A) zero (B)2cm
(©)4cem (D)lcm

An unnumbered wall clock shows time 04: 25: 37,
where Ist term represents hours, 2nd represents
minutes and the last term represents seconds.
What time will its image in a plane mirror show.

(A)08:35:23 (B)07:35:23
(©)07:34:23 (D) none of these

A person’s eye is at a height of 1.5 m. He stands
infront of a 0.3m long plane mirror which is 0.8 m
above the ground. The length of the image he sees
of himselfis:

(A)1.5m (B) 1.0m
(C)0.8m (D)0.6m

O

etoosindia.com

An object of height 1 cm is kept perpendicular to
the principal axis of a convex mirror of radius of
curvature 20 cm. If the distance of the object from
the mirror is 20 cm then the distance (in cm)
between heads of the image and the object will

be:

A 6404 B 6414

( )\/—9 ( )\/—9

© ? (D) none of these

Two plane mirrors are parallel to each other and
spaced 20 cm apart. An object is kept in between
them at 15 cm from A. Out of the following at
which point(s) image(s) is/are not formed in mir-
ror A (distance measured from mirror A):
(A)15cm (B)25cm

(C)45cm (D) 55 cm

A plane mirror is moving with velocity

41 + 53 + 81}. A point object in front of the
mirror moves with a velocity 31 + 43 + 512.

Here 1A< is along the normal to the plane mirror
and facing towards the object. The velocity of
the image is :

(A) =3i—4]+5k (B)3i+4j+11k

(©-3i-4j+1lk () 7i+9j+11k
A point object is kept between a plane mirror and
a concave mirror facing each other. The distance
between the mirrors is 22.5 cm. Plane mirror is
placed perpendicular to principal axis of concave
mirror. The radius of curvature of the concave
mirror is 20 cm. What should be the distance of
the object from the concave mirror so that after
two successive reflections the final image is
formed on the object itself ? (Consider first
reflection from concave mirror)

(A)5cm (B)15cm
(C) 10 cm (D)7.5cm
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7 7

1.

Consider the converging lens shown in figure :

Here O is the optic center, F, the first principal focus and F, the second Oprincipal focus.
(AF,=F,0 &OF, =F,B)

(A) Object lies (J) Image size is (P) Image lies between O & B
between -0 & F, magnified

(B) Object lies (K) Image size is (Q) Image does not lie between O & B
between A and O diminished

(C) Object lies (L) Image is inverted (R) Image lies between -0 & F,
between F, & +o

(D) Object does not (M) Image is erect (S) Image lies between F, & +oo
lie between A and O

A small particle is placed at the pole of a concave mirror and then
moved along the principal axis to a large distance. During the
motion, the distance between the pole of the mirror and the image
is measured. The procedure is then repeated with a convex mirror,
a concave lens and a convex lens. The graph is plotted between
image distance versus object distance. Match the curves shown
in the graph with the mirror or lens

that is corresponding to it. (Curve 1 has two segments)

Image Distance

Lens/Mirror Curve

(A) Converging lens P)1 Object Distance
(B) Converging Mirror Q)2

(C) Diverging Lens R)3

(D) Diverging Mirror (S)4

Column-I gives certain situations regarding a point object and its image formed by an optical instrument. The
possible optical instruments are diverging and converging mirrors or lenses as given in Column-II. Same side of
principal axis means both image and object should either be above the principal axis or both should be below the
principal axis as shown in figure. Same side of optical instrument means both image and object should be either left
of the optical instrument or both should be on right of the optical instrument as shown in figure. Match the
statements in column-I with the corresponding statements in column-II .

Column I Column I1 L .
(A) Ifpoint object and its image are on same side of (P) Concave mitror principal axis
principal axis and opposite sides of the optical ;
instrument then the optical instrument is lens or mirror
(B) If point object and its image are on opposite side (Q) Convex mirror

of principal axis and same sides of the optical
instrument then the optical instrument is

(C) Ifpoint object and its image are on same side (R) Diverging lens
of principal axis and same sides of the optical
instrument then the optical instrument is

(D) If point object and its image are on opposite side (S) Converging lens
of principal axis and opposite sides of the optical
instrument then the optical instrument is

etoosindia.com
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Exercise # 4 /

1.

7

Rainbows are formed by [CBSE AIPMT 2000]
(A) reflection and diffraction

(B) refraction and scattering

(C) dispersio and total internal reflection

(D) interference only

A man is 6 ft tall. In order to see his entire image, he
requires a plane mirror of minimum length equal to

[CBSE AIPMT 2000]
(A6 ft B) 12 ft
(O)2ft (D)3 ft

A planoconvex lens is made of a material of refractive
index p = 1.5. The radius of curvature fo curved
surface of the lens is 20 cm. If its plane surface is
silvered, the focal length of the silvered lens will be

[CBSE AIPMT 2000]
(A)10cm (B)20 cm
(C)40cm (D)80cm

A transparent cube contains a small air bubble. Its
apparent distance is 2 cm when seen through one
face and 5 cm when seen through other face. If the
refractive index of the material of the cubeis 1.5, the
real length of the edge of cube must be

[CBSE AIPMT 2000]
(A)7cm (B)7.5cm
14
(C)10.5cm D) ?cm

Diameter of human eye lens is 2 mm. What will be
the minimum distance between two points to resolve
them, which are situated at a distance of 50 m from
eye? [The wavelength of light is 5000 A]

[CBSE AIPMT 2002]
(A)232m (B)4.28 mm
(C)1.25cm (D) 12.48 cm

A body is located on a wall. Its image of equal size is
to be obtained on a parallel wall with the help of a
convex lens. The lens is placed at a distance d ahead
of second wall, then the required focal length will be

d
(A) only n [CBSE AIPMT 2002]
B) only
(B) only 7
d d
(C) more than n but less than 3

d
(D) less than n

etoosindia.com

For the given incident ray as shown in figure, the

condition of total internal reflection of the ray will

be satisfied if the refractive index of block will be
[CBSE AIPMT 2002]

457
Incident ray

3+l J2+1

(A) — B) —

© \E D) \ﬁ

2 6
An equiconvex lens is cut into two halves along (i)
XOX' and (i1) YOY'as shown in the figure. Let f, f',
" be the focal lengths of the complete lens, of each

half in case (i), and of each half in case (ii),
respectively.

'Y
Choose the correct statement from the following
[CBSE ATPMT 2003]
(A)f=ff"=f (B) f'=2f, f"=2f
O f'=f f"=2f (D) f'=2f, f"=1f

A convex lens is dipped in a liquid whose refractive
index is equal to the refractive index of the lens.

Then its focal length will
[CBSE AIPMT 2003]
(A) become small, but non-zero
(B) remain unchanged
(C) become zero
(D) become infinite
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EED

Qo

STRAIGHT OBJECTIVE TYPE

In the figure shown a person AB of height 170 cm is standing infront of a
plane mirror. His eyes are at height 164 cm. At what distance from P should
a hole be made in the mirror so that he cannot see the top of

his head.
(A) 167 cm (B) 161 cm
(C)163 cm (D) none of these

I'is the image of a point object O formed by spherical mirror, then which of the following statement is incorrect:
(A) If O and I are on same side of the principal axis, then they have to be on opposite sides of the mirror.

(B) If O and I are on opposite side of the principal axis, then they have to be on same side of the mirror.

(C) If O and I are on opposite side of the principal axis, then they can be on opposite side of the mirror as well.

(D) If O is on principal axis then I has to lie on principal axis only.

An object and a plane mirror are shown in figure. Mirror is moved with velocity

) ) ) Object (fixed) W
V as shown. The velocity of image is : .
(A) 2 V sin6 (B) 2V M T

(C)2V cosd (D) none of these Mirror

Two plane mirrors are joined together as shown in the figure. Two point
objects O, and O, are placed symmetrically such that AO, = AO,. The

image of the two objects is common if :
(A) 6=060° (B) 6=90°
(C)6=30° (D) 6=45°

The following figure represents a wave front AB which passes
from air to another transparent medium and produces a new wave

B
front CD after refraction. The refractive index of the medium is _f__..--"" Y
(PQ is the boundary between air and the medium). ,----“""... "-H ar
" i, A
cos0 cosf, P A0 A q
A ! B B =D medium
) cosb, (B) cos0, 1’\‘ i
sin@ sin@ c
©) — (D) ——2
sin0, sin0,
-~ Q
A man starting from point P crosses a 4 km wide lagoon and reaches point Land (_,,f”; Gk
Q in the shortest possible time by the path shown in the figure. If the e H{{_},» l,
person swims at a speed of 3 km/hr and walks at a speed of = ,.:{
4 km/hr, then his time of journey is (L, er = 4/3) : / LAGOON
(A) 4hr, 10 min. (B)4hrand30 min.  4km! {5inlt wster laks)
(C) 3 hr and 50 min (D) 5 hr and 10 min. P

etoosindia.com 107
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