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Location, size and nature of image formed by Spherical Mirrors °
= ’fahuo.
Concave Mirror % ( C\n\l I Q&)
Position of object Figure of image of image

1. At infinity At the principal focus | Real, inverted,
or in the focal plane extremely
3 diminished in size °
The Mirver Equadion
2. Beyond the centre Between the principal | Real, inverted and
of curvature focus and centre of diminished
— — —
3. At the centre of /@ At the centre of Real, inverted and v 4" 6
curvature curvature equal to object
C
°
4. Between focus and Beyond centre of Real, inverted and V', k
centre of curvature C curvature bigger than object.
Wi ot
5. At the principal % % At infinity Extremely 0
focus F magnified °
-

6. Between the and H Virtual, erect and .
P 00 = i | Behind the mirror magnified (POQC V.V mw JO4.

-
F
Convex Mirror >
Position of object Figure Position of image Nature of image

1. At infinity Appears at the Virtual, erect
prindcipal focus and extremely ey ® ®
diminished
F C
2. Between infinity Appears between thel Virtual, erect and
and the pole prinicipal focus and | diminished
— the pole

L

1
|
|
|
\:
For a plane mirror :

(AOBis the graph)
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of the glass?

Apparent position of the silvered face is shifted towards the object by (8 - x) cm.

: One face of a rectangular glass plate of 8 cm thickness is silvered. An object held 10 cm in front
of the unsilvered face forms an image 12 cm behind the silvered face. What is the refractive index

-— X

e 0

+12 cme+—8 cm—>+10 cm+

Hence 10 + x = 12 + (8 - x).

o, x=5cm.

Real thickness
Hence yu =

[+~ object distance = image distance]

i 1T

Apparent thickness 5cm

Phaetice

) Adoscrsplaoodonfheswfaoeolpondwmchhasrelmcnvonde:

- A source of light is placed

4 m below the surface of liquid. Calcdato!fnmmmmaolﬂndtscsofhdkghtdoosm

come out of the liquid.

ynC=<1
M
roo1
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vrispd B
1.2 . a8
o, u Wk
r
2 2 2
r‘+h h
r r
2
h 2
o, -F=p"-1
r2
h 4
or, r=—
‘Au2_1 JZS
9

Required area of the

:!=3m

disc=nP=314x9m?=2828 m
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Figure 9.16 Light undergoes successive

total internal reflections as it moves

through an optical fibre.

Light

flex

/
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Air at a uniform
temperature ‘

Refract!

(@
M ‘k Aca e Figure 9.15 Prisms designed to bend rays
by 90° and 180° or to invert image without

decrepsing

Air warmer near ground !
changing its size make use of total internal

reflection.
(b)
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There is a small air bubble inside a glass sphere (i = 1.5) of radius 10 cm. The bubble is 4 cm
below the surface and is viewed normally from outside. Find the approx. apparent depth of the bubble.

The observer will see the image formed due to refraction at the spherical surface when light from
the bubble goes from glass to air
Here u = -4 cm, R = ~10 cm, p, = 1.5, i, =1

W2 Wy M2y P
From formula v R + we get §
1 15 1-1§
v -dem -10cm
105 15
oy 10em 4em
o v=-3cm

The bubble will appear 3 cm below the surface.

CQuesbiow P

A concave mirror of radius 40 cm lies on a horizontal table and water is filled in it up to a height
of 5 cm. A small dust particle floats on water surface vertically above the point of contact of the
mirror with the table. Locate the image of the dust as seen from a point directly above it

O is the real position of the dust particle. O, is the image of O due to reflection at concave mirror.
0, is the image of O,

due to refraction at water-air interface

For reflection at concave mirror, ¥ = -PO = -5 cm,

R=-40cm

1 1 2
From  + 2= . we get
1.2 1_86
v a0 -5 a0

or v ?CHI—GSIW

O, will act as an object for refraction at waler-air interface ’
Hence OO, = real depth of the object = 5 cm + 6.67 cm = 11.67 cm
00, = the apparent depth of O,

" real depth
From M= o oparent depth
real depth  11.67cm
apparent depth = =2 =~ 2= =875 om

Hence, the dust will be seen at a depth of 8 75 cm below the water surface






TMPORTANT APPLICATIONS

Lens
(a) Double convex lens

Silvering of a Lens: When a convex lens is silvered, it behaves like a concave mirror and

when a concave lens is silvered, it behaves like a convex mirror.
R, R, The following important cases should be kept in mind :
R.‘ Case | :  When plane face of planoconvex lens is silvered
1 R
ot = ————
!-(,.-“[_',,Llro 2(u-1)
7 -
where, R = Radius of curvature
@ Plano-concave lens
# = Refractive index of material
r) |5 r| (g, Case Il : When curved face of plano convex lens is silvered
R=-R o A R
Re= R=-R “ "%
L 4(_1]
[ R
Equiconcave lens Case Wi : When one face of an equiconvex lens is silvered
1 R
r| (R T 2A2m-)
::::: Case IV : When one face ( of radius of curvature R,) of a double convex lens is silvered
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Position size and nature of the images
formed by a Convex lens :

Positionof | Position of Ray — Diagram Nature (size)
Object image
At infinity | Atfocus Real, inverted ,[ Highly
Images Formed by a Concave Lens Dkiished J (m<<=1)
The image A'8"of the object AB formed by concave lens Is virtual, erect and diminished. It i formed on
tho same side as that of the object.
Between | Between o
wand2F | F & 2F F 12F, | Real, inverted,
2F1 F1 [Diminished (m <-1)]
K
At 2F At 2F Real, inverted,
[Equal (m =-1)]
A FA [0
Between Between Real, inverted,
2Fand F 2F& = [Enlarged (m >-1)]
AtF Real, inverted, [Highly
At Enlarged (m >>—1)]
o F. 2F,
2F, F,
Between Virtual, erect
Betwee;n &0 [Enlarged (m > +1)]
. on same side|
v
[ el T e P e
B8 — / \ IR b’- - xz
Gy o, O ~ =
- ~
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A double convex lens has focal length
25 cm. The radius of curvature of one
of the surfaces is double of the other.
Find the radii if the refractive index of
the material of the lens is

1.5 [NEET-2019 (Odisha)]

50 cm, 100 cm
100 cm, 50 cm
25cm, 50 cm

18.75cm, 37.5cm

The angle of a prism is A. One of its
refracting surface is silvered. Light
rays falling at an angle of incidence
2A on the first surface returns back
through the same path after suffering
reflection at the silvered surface. The
refractive index p, of the prism

is: [AIPMT-2014]

2sinA

2cosA
lcosA
2

tan A

ANSWER AND EXPLANATION

R= ? =18.75¢cm

For 2" surface = 2 R
=37.5cm

ANSWER AND EXPLANATION

By Snell’s law at point of

incidence

sin 2A = usin A

2 sinAcosA = usin A
H=2cosA



A beam of light consisting of red,

green and blue colours is incident on

a right angled prism. The refractive

index of the material of the prism for

the above red, green and blue

wavelengths are 1.39, 1.44 and 1.47, ANSWER AND EXPLANATION

respectlvcily. [Re-AIPMT-2015] For total internal reflection 45° >

. v
Blue sin 45° > sin C

Green ———
Red —»—

45°

B
The prism will

Separate the red colour part
from the green and blue colours

ie. u>1.414

. Green & blue will suffer total
Separate the blue colour part internal reflection as a result of
from the red and green colours red colour will separate from

other two colours.

Separate all the three colours
from one another

Two similar thin equi-convex lenses, ANSWERBEID EXPLANATION

of focal length f each, are kept
coaxially in contact with each other
such that the focal length of the

When equiconvex lenses are
placed in contact

1 1 1

combination is F1. When the space . FTF
between the two lenses is filled with E=f
glycerine (which has the same LY
refractive index (u = 1.5) as that of When space is filled with
glass) then the equivalent focal length glycerine, it will act as concave
is Fo. The ratio Fq : F will be : lens having focal length “- "

[NEET-2019] 7

2571

122

253



An object is placed at a distance of 40
cm from a concave mirror of focal
length 15 cm. If the object is
displaced through a distance of 20
cm towards the mirror, the
displacement of the image will

be [NEET-2018]

30 cm away from the mirror

36 cm away from the mirror

36 cm towards the mirror

30 cm towards the mirror

The refracting angle of a prism is A,
and refractive index of the material of
the prism is cot(A/2). The angle of
minimum deviation is [AIPMT-
2015]

180° + 2A

180° - 3A

180° - 2A

90°- A

ANSWER AND EXPLANATION

Explanation
1. .1 9

LR
For mirror v u f
Whenu=-40cm,f=-15cm
1 1 1
LW S
v, —-40 -15
b .
v, 40 15
vy, =—24 cm
When object displaced 20 cm
towards mirror
u=-20cm,f=-15cm
1 1 1

T
i v, -20 -15
v, =—60cm

Shift in position of image
is
=V2—Vq
=-36cm
i.e. 36 away from mirror

B

ANSWER AND EXPLANATION

Y {A+6m}
sin
- 2
"]
sin| =
As 2
X [A+6mq
sin
A 2
Got| — | S —————=
e
sin
2
FiN
cos| = |=sin
= 2 2

r180° Al _[A &,
sin —- = SH | &=+ ——
[2 2} [2 2}

= 34, =180°-2A

min




A beam of light from a source L is
incident normally on a plane mirror
fixed at a certain distance x from the
source. The beam is reflected back as
a spot on a scale placed just above
the source L. When the mirror is
rotated through a small angle 0, the
spot of the light is found to move
through a distance y on the scale. The
angle 0is given by [NEET-2017]

ANSWER AND EXPLANATION

When plane mirror turns through
an angle @ about an axis in its
plane, then spot of light will move
y and subtends angle 20 at point
of incidence

\ < | X Q"x

Two identical glass (ug=3/2)
equiconvex lenses of focal length

f each are kept in contact. The space
between the two lenses is filled with
water (uy, = 4/3). The focal length of
the combination is [NEET-
(Phase-2)-2016]

L]
B

ANSWER AND EXPLANATION

For equiconvex
fe R R
T 2(p-1) 2(15-1)
f=R
For concave lens made of water
filled between equiconvex
lens

F=_3¢
2
r combination

1

-
o

[~
o
-

N~

o™

E
-

| =

1l

[ ™
1

g

8" 2
I

W -
=2

w

L



A plano convex lens fits exactly into a
plano concave lens. Their plane
surfaces are parallel to each other. If
lenses are made of different materials
of refractive indices pq and po and

R is the radius of curvature of the
curved surface of the lenses, then the
focal length of the combination

is [NEET-2013]

_rR
2(py —py)

_rR
(= 12)

2R
(1 —1y)

R
21y + 1)

A person can see clearly objects only
when they lie between 50 cm and 400
cm from his eyes. In order to increase
the maximum distance of distinct
vision to infinity, the type and power of
the correcting lens, the person has to
use, will be [NEET-(Phase-
2)-2016]

Convex, +2.25 diopter

Concave, -0.25 diopter

Concave, - 0.2 diopter

Convex, +0.15 diopter

ANSWER AND EXPLANATION

For plano convex f =

=1
. -R
For plano concave f'=
H, —1
. " 1 1 1
For combination —=ct
B F P
Sl Ol
f, R R
R
f =
T T

ANSWER AND EXPLANATION

Power of lens required to correct
myopia is
1
far point distance
1 1
P=" %00 (em) ~ a(m
P =-0.25 diopter





