16. GEOMETRICAL
OPTICS

1. INTRODUCTION

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

The branch of physics that deals with the phenomena of light is called optics. There are two branches of optics:
(a) ray optics and (b) wave optics.
SOME DEFINITIONS

(a) Ray: The 'path’ along which the light travels is called a ray. The rays are represented by straight lines with
arrows directed towards the direction of travel of light.

(b) Beam: A bundle of rays is called a beam. A beam is parallel when its rays are parallel, it is divergent when its
rays spread out from a point, and it is convergent when its rays meet at a point.

Object and image

If the rays from a point on an object actually diverge from it and fall on the mirror, then the object is the real object
of the mirror. If the rays incident on the mirror does not start from a point but appear to converge at a point, then
that point is the virtual object of the mirror.
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If the rays converge at a point after an interaction with a surface, then a real image will be formed, and if the rays
diverge after an interaction with a surface, a virtual image will be formed.
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Figure 16.2

Real object, virtual object, real image, virtual image: In Fig. 16.2 (a), the object is real, while the image is virtual.
In Fig. 16.2 (b), the object is virtual, while the image is real.

2. REFLECTION OF LIGHT

Definition

When the light falling on a surface turns back into the same medium, it means it is reflected. The angle made by
the incident ray with the normal to the reflecting or refracting surface is called the angle of incidence, and the angle
made by the reflected or refracted ray with normal is called the angle of reflection or refraction.

2.1 Laws of Reflection

(a) When the incident ray, the reflected ray and the normal to the reflecting
surface at the point of incidence lie in the same plane, it is called the
plane of incidence.

(b) The angle of incidence is equal to the angle of reflection .

Figure 16.3

2.2 Deviation of Ray

The deviation is defined as the angle between the directions of the incident ray and the reflected ray (or the
emergent ray). It is generally denoted by &.

(angle of deviation)
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Figure 16.4

Here, /A'OB=35=/A0OA'- /AOB =180° —
or 5=180°-2
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PLANCESS CONCEPTS

The above two laws of reflection can be applied to the reflecting surfaces that are not even horizontal.
The following Fig. 16.5 illustrates this point.

Figure 16.5

Vaibhav Gupta (JEE 2009 AIR 54)

3. REFLECTION FROM A PLANE SURFACE (OR PLANE MIRROR)

Almost everybody is familiar with the image formed by a plane mirror. If the object is real, the image formed by a
plane mirror is virtual, erect, of same size of the original object and in the same distance from the mirror.
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If an object is placed in front of a mirror as shown in Fig. 16.6, we get its image in the
mirror due to the reflection of light.
(a) The distance between the object and the mirror = the distance between the 7"
image and the mirror. N B -
? o= I
(b) The line joining the object point with its image is normal to the reflecting
surface.
(c) The image is laterally inverted (left-right inversion). Figure 16.7

(d) The size of the image is same as that of the object.
(e) For areal object, the image is virtual, and for a virtual object, the image is real.

(f) For a fixed incident light ray, if the mirror is rotated by an angle 6, the reflected ray turns through an angle
26 . If plane mirror is rotated through about an axis perpendicular to plane of mirror, then the reflected ray
image spot does not rotate.
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Figure 16.8

(g) The minimum size of a plane mirror required to see the full-size image of a person by himself is half the size
of that person.
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Figure 16.9

(h) A plane mirror behaves like a window to the virtual world.
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Figure 16.10

PLANCESS CONCEPTS

To find the location of the image of an object from an inclined plane mirror, you have to see the
perpendicular distance of that object from the mirror.

..
~\'-—c

Correct Wrong
OM=MI OM=MI

Figure 16.11

Vaibhav Krishnan (JEE 2009 AIR 22)



lllustration 1: A point source of light S, placed at a distance L in front of the center
of a mirror of width d, hangs vertically on the wall. Assume that a man walks in
front of the mirror along a line parallel to the mirror at a distance 2L from it as
shown in the Fig. 16.12. The greatest distance over which he can see the image of
the light source in the mirror is

(A) d/2 (B) d (C) 2d (D) 3d (JEE MAIN)
Sol: As the man is walking parallel to the mirror, the image of the point object S

thus formed will also move relative to the man. We construct the ray diagram to
obtain the position of the image from the man.

The ray diagram is shown in the Fig. 16.13.

HI=AB=d; DS:CD:%
since AH=2AD ; GH=2CD=2§=d
Similarly U=d; .. GJ=GH+HI+l; =d+d+d=3d

lllustration 2: Two plane mirrors M, and M, are inclined at an angle 6 as shown
in the Fig. 16.14. A ray of light 1, which is parallel to M,, strikes M,, and after two
reflections, ray 2 becomes parallel to M,. Find the angle 6 .

(JEE MAIN)

Sol: The angle of reflection is equal to angle of incidence about the normal. If ray
makes angle a with the normal then the angle made with the surface is 6 =90-a.
Completing the ray diagram for multiple reflection we get the angle 6.

Different angles are as shown in the following Fig. 16.15. In triangle ABC,

6+0+6=180°
6 =60°

lllustration 3: A ray of light is travelling at an angle of 20° above the horizontal
plane. At what angle with the horizontal plane must a plane mirror be placed in its
path so that it becomes vertically upward after the reflection? (JEE MAIN)

Sol: The angle of incidence and reflection are similar with respect to the normal. To

make the ray reflect vertically upwards, we need to incline the mirror at an angle

0= [%} where | is the angle of incidence.

90-20

=0 =35°

3.1 Velocity of Image Formed by a Plane Mirror

Xom — X coordinate of the object relative to the mirror.
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Xy = X coordinate of the image relative to the mirror. ‘

d dx
Differentiating, Pim __Hom _, Vi = —Vou I I
e dt (XonO) 6,0 X, 0)
= Velocity of the image relative to the mirror
= - velocity of the object relative to the mirror. . t6.17
igure 16.

lllustration 4: Find the velocity of the image when the object and mirror both are moving toward each other with
the velocities 2 m/s and 3 m/s, respectively. (JEE MAIN)

Sol: As both the object and mirrors are moving towards each other with a constant speed. The velocity of object
with respect to the mirror and velocity of image with respect to the mirror are equal in magnitude but opposite in
direction.

Here, Vom = ~Vim
Vo —Vy = —(vI —vM)

= (+2m / s)—(—3m / s) =-v;+ (—3)

= v;=-8m/s

3.2 Image Formation by Multiple Reflection

Case I: When the mirrors are parallel to each other Figure 16.18 shows an image formed by an object placed at
a distance y, from M, and at a distance x from M,. The number of images formed by the parallel plane mirrors is
infinite.
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Case ll: When the mirrors are inclined at an angle 6.

(a) All the images formed by the two mirrors lie on a circle with center C (an
intersection point of the two mirrors). Here, if the angle between these two
mirrors is 6, then an image will be formed on a circle at an angle 2z-0. If
the angle 8 is less, the number of images formed is high.

21-0 0

Figure 16.19
(b) If nis the number of image, then

If (i)360° /6 iseven

thenn = (360° /6) -1
(i) 360° /6 is odd and object is kept symmetrically

0
and n:[%eo j for all other conditions.
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PLANCESS CONCEPTS

The number of images formed by two mutually perpendicular (=90 . '}" e,

mirrors is three. All these three images will lie on a circle with center at e :

C, the point of intersection of mirrors M, and M,, and whose radius is 1, < a \\O

equal to the distance between C and object O. bt

In fact, whatever be the angle, all the images lie on a circle. e ¥- M,
18 o AL,

s, o
sssss
______

Fi 16.2
Vijay Senapathi (JEE 2011 AIR 71) igure 16.20

4. SPHERICAL MIRRORS

A spherical mirror is a smooth reflecting surface that forms a part of a spherical surface. If reflection takes place
from the inner reflecting surface, then the mirror is called a concave mirror. If the reflection takes place from the
outer surface, it is called a convex mirror. The reflection of a light from a concave and a convex mirror is shown in
the Fig. 16.21.
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Concave Mirror Convex Mirror

Figure 16.21

4.1 Parameters Associated with the Spherical Mirror

A pole (P) or vertex is the geometrical center of a reflecting surface. Center of curvature C is the center of the
sphere, of which the mirror is a part. Radius of curvature R is equal to the distance between P and C of the mirror
and is the radius of the sphere, of which the mirror is a part. The principal axis is the line CP that passes through P
and C. If a ray of light is emitted from an object at infinity so that the beam of light is parallel to the principal axis,
an image is formed at principal focus F after reflection. Focal length, £, is the distance between P and F along the
principal axis. When a beam of light is incident parallel to the principal axis, the reflected rays converge on F in a
concave mirror and diverge from F in a convex mirror after reflection. Aperture of a spherical mirror is the effective
diameter MM’ of the light-reflecting area in the mirror. When the aperture of a mirror is small, the focal length is
equal to half the radius of curvature.

4.2 Sign Convention

The following sign conventions based on coordinate geometry are used:
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(a) The rays of light travel from the left to the right direction.

(b) All the distances measured from the pole and in the direction of light . e
toward the right of the pole are positive. The distances measured in the L'_9ht>
opposite direction of light toward the left of the pole are negative.
C F P
(c) The transverse distances, above the principal axis, are positive and the < t t +X
principal axis are negative. — _
Negative Positive
(d) If condition (1) in sign conventions is followed, this sign convention v
follows the right-hand Cartesian coordinate system. -y
4.3 Rules for Image Formation Figure 16.22

The following rules are used for locating the image of an object by considering the reflection of three types of rays

based on laws of reflection:

(a) Arayincident parallel to the principal axis will pass through the principal focus after reflection in the case of
a concave mirror and will appear to originate from the focus in the case of a convex mirror.

(b) A ray that passes through the principal focus of a concave mirror, or that passes toward the principal focus of

a convex mirror, travels parallel to the principal axis after reflection.

(c) A ray that passes through the center of curvature of a concave mirror or toward the center of curvature of a

convex mirror is reflected from the mirror along the same path.

4.4 Image Formation by a Concave Mirror (for Real Object)

S. No. | Position of Object | Diagram Position of Image

Nature of Image

\%
¢

F \—\\f At the principal

Figure 16.24

> =X ‘
- focus F or in the Real, inverted and
T | Infinity focal plane diminished
F Image problem
Figure 16.23
Between infinity C - Real, inverted and
2 | andc F Between FandC | iminished
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S. No. | Position of Object | Diagram Position of Image | Nature of Image
N Y/
/\ﬂ
C F Real, inverted and
3 C ¥ B @ of same size as the
N .
/(6 object.
Figure 16.25
\/E Between C and )
4 Between F and C C F infinity Real, |.n.verted and
P magnified
<
Figure 16.26
/F
At F or in the focal R ~ s Real, inverted and
> plane ~ < % At infinity highly magnified
W ;
<
Figure 16.27
6 Between F and P /4,F /f P Behind the mirror V|rtua‘l,.erect and
magnified.
Figure 16.28

4.5 Image Formation by a Convex Mirror

An image is formed between the pole and the focus for all the
positions of the real object except when the objects are at infinity in
which case the image is formed at F in the focal plane. The image
formed is virtual, erect and diminished. The ray diagram for the
formation of image | of object O after reflection from a convex mirror
is shown in the Fig. 16.29.

PLANCESS CONCEPTS

PE T'F C

Figure 16.29

Image formed by a convex mirror is always virtual, erect and diminished; no matter where the object is

placed (except for virtual objects).

Anurag Saraf (JEE 2011 AIR 226)
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4.6 Mirror Formula
If an object is placed at a distance u from the pole of a mirror, its image is formed at a distance v from the pole, and
its focal length fis given byl+l =% where f = R/2 (only for paraxial rays).

u v

According to the sign conventions, f and R are negative for a concave mirror and are positive for a convex mirror.
The power of a mirror, P, measured in units of dioptres is given by

P= —% Where f is in metres :_¥ Where f is in centimetres

lllustration 5: A convex mirror has a radius of curvature of 20 cm. Find the position of the image of an object
placed at a distance of 12 cm from the mirror. (JEE MAIN)

Sol: The position of the image is found using formula l+l = E

u v R

According to sign convention, if the object is placed to the left side of

the pole, object distance is considered to be negative.

The situation is shown in the Fig. 16.30. Here, u = -12 ¢cm and C
R =+20 cm.
Wehave,l+£=E orlzz—lz 2 1 1
u v R v R u 20cm -12cm 60cm .
Figure 16.30
60
= V=—cm.
11

The positive sign of v shows that the image is formed on the right side of the mirror and is a virtual image.

4.7 Magnification by Mirror

If an object of linear size O is placed vertically on the axis of a concave or convex mirror at a distance u from the
pole and its image of size / is formed at a distance v from the pole, then the lateral or transverse magnification, m,

. I (vj
is given by m=—=—|—
0 u

A negative magnification indicates that the image is inverted with respect to the object, whereas a positive
magnification implies that the image is erect with respect to the object.

lllustration 6: A concave and a convex mirror of focal lengths 10 cm

and 15 cm, respectively, are placed at a distance of 70 cm from each 5 B

other. An object AB of height 2 cm is placed at a distance of 30 cm from D TZOcm

the concave mirror. First, a ray is incident on a concave mirror and then '

on the convex mirror. Find the size, position and nature of the image. : m E(Q(‘
(JEE MAIN) :

1 1 1 70cm
Sol: The position of the image is found using formula =+ === .

u v f Figure 16.31
The image formed by concave mirror is the object for the convex mirror.

For a concave mirror, u=-30cm, f=-10cm



Using l+1:l = l—i:_—l ; = v=-15cm
v u f v 30 10

AB _—v_-15.
AB  u =30
An image formed by the first reflection will be real, inverted and diminished.

Now, A'B'=-1cm

For a convex mirror,

u'=-55cm, f =+15cm Usingl+i:l
v u f

Physics | 16.11

N

B’

7
Figure

55cm

1 1 1 A

16.32

- - = = v'=165/14cm

& d
BTV 14
Now, A" __v __L14) A%n:@iy_g:_akm

AB" U (-55) 14

The final image will be virtual and diminished.

lllustration 7: An object ABED is placed in front of a concave B
mirror beyond the center of curvature C as shown in the Fig.

Figure 16.33

16.34. State the shape of the image. (JEE ADVANCE) A D

Sol: As the object is placed beyond center of the curvature,
the image thus formed will lie between center of curvature
and pole. The position of the image is found using formula

1 1 1

—_—t—=—

u v f

The object is placed beyond C. Hence, the image will be
real and it will lie between C and F. Furthermore, u, vand '

O+

Figure 16.34

f all are negative; hence, the mirror formula will become C

111, 111 u-g

or V=——-r

_ /
vV u f v f u uf 1i,
u

Now u,g > Uy ; Vas <Vep

d Vv
an |mAB|<|mED| asm_T .

Therefore, the shape of the image will be as shown in the
Fig. 16.39. Also note that

Vg <Upxg and vy <ugy, So, |mAB|<1 and |mED|<1 :

4.8 Relation between Object and Image Velocity

%,
4
&

K—VAB—N

[

Vep —

L

Figure 16.35

Differentiating equation 1 + 1.1
v u f
1 . . .
- 1§iv —$ =0 = —%VIM —%VOM =0 V,, = velocity of image w.r.t. mirror
vedt  udt v u
2
-V, =-LV Vou = Velocity of object w.r.t. mirror

(VI oM
W2

_ 2
= Viy =-MVoum



16.12 | Geometrical Optics

lllustration 8: A mirror with a radius of curvature of 20 cm and an object that is placed at a distance 15 cm from
the mirror both are moving with the velocities 1 m/s and 10 m/s as shown in the Fig. 16.36. Find the velocity of the
image. (JEE MAIN)

Sol: As the object and the mirror are moving away from each other with different speed, the magnification of the
2
image will also change. The velocity of image will be V, :—V—zvom .

u .
1 1 2 Ims’
The position of the image is found using formula =+=== . »1 >
u v R 10ms
Using l+l:E = tr 1 = v=-30cm - N
v u R v 15 10 0< 15ms ;f
v? v?
Now, using V. =——V = V.-V _)=——(V, -V
9 ¥im =772 Yom (% =Vo) u2( 0~Vn) Figure 16.36
(-30)

= )= 0] = e

So the image will move with the velocity of 45 cm/s.

lllustration 9: A gun of mass m, fires a bullet of mass m, with a horizontal speed v,. The gun is fitted with a concave
mirror of focal length f facing toward a receding bullet. Find the speed of separations of the bullet and the image
just after the gun was fired. (JEE ADVANCED)

Sol: The bullet when leave the gun it moves in direction opposite the motion of gun. As there are no external

forces acting on the bullet, then the momentum of the system can be conserved. The velocity of image will be

V2

Vim z_u_zvom :
Let v, be the speed of the gun (or the mirror) just after the firing of bullet. From conservation of linear momentum,
m,v, = m.v MyVo . ()
2°0 171 = Vl =
m,
du . . . . - . my
Now, 9t is the rate at which the distance between mirror and bullet is increasing
- wV \
=Vt ) .. (i) L e Fn
m,
We know that .. dv | E
dt |2 )dt

Here, V—2 =m? =1 (as at the time of firing bullet is at pole). Figure 16.37

u

dv _du_ vV, +V (iii)

dt dt ' ¥

Here, ?:l_\t/ is the rate at which the distance between the image (of bullet) and the mirror is increasing. Hence, if v,
is the absolute velocity of image (toward right), then

v2—v1:%=vl+v0 = Vv, =2v;+V, ... (Iv)
Therefore, the speed of separation of the bullet and the image will be

V. =V, +Vy =2V, +V,+V

v, :2(v1 +v0).

m
Substituting the value of v, from Eq. (i), we have v, = 2(1 +—2Jv0.
my
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5. REFRACTION OF LIGHT AND LAWS OF REFRACTION

(a) The deviation or bending of light rays from their original path while travelling from one medium to another
is called refraction.

(b) If the refracted ray bends away from the normal, then the second medium is said to be RARER as compared
to the first medium, and the speed increases.

Rarer Denser
s S ?\\ s
Denser C
; Rarer
N'i
Figure 16.38

If the refracted ray bends toward the normal, then the second medium is said to be DENSER compared to the first,
and the speed decreases.

Deviation due to refraction d=i-r.

PLANCESS CONCEPTS

In general, light will travel in straight lines and the deviation occurs only when there is a change of
medium (or refractive index (RI)).

B Rajiv Reddy (JEE 2012 AIR 11)

5.1 Laws of Refraction

The incident ray (AB), the normal (NN’) to the refracting surface (SS') at the point of incidence (B), and the refracted
ray (BC) all lie in the same plane called the plane of incidence or the plane of refraction.

5.2 Snell’s Law

For any two given media and for light of given wavelength, ' NuVi,hsErby
. . AN PR
sin i Coosini g By VoM

sinr sinr ooV, A

Figure 16.39

1p2 = RI of the second medium with respect to the first medium;

1, = Rl of the first medium with respect to air or absolute

Rl = ¢/v; ;

U, = Rl of the second medium with respect to air or absolute RI = c/v2 ;
v,,V, are the speeds of light in the first and the second medium, respectively;

A, A, are the wavelengths of light in the first and the second medium, respectively;

c=the speed of light in air (or vacuum) = 3x10® m/s.
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Note:
(i) The higher the value of RI, the denser (optically) the medium is.
(ii) The frequency of light does not change during refraction.

(iii) The refractive index of the medium relative to airz,mrsr )

5.3 Refraction through a Transparent Sheet

Let the ray is incident at face AB.

Apply the Snell's law at faces AB and CD. £ A i B

U, sini; = p, sini, (i)

W, sini, = s sini, .. (ii)

(The angle of incidence for face CD is i,) Ha

From Egs (i) & (ii), p, sini; = ugsini;

or siniy = “Lsini, i) C D
Hs K3

Figure 16.40

The incident ray and emerging ray are parallel. It shows that the deviation of ray is not affected by the refractive

tsin(i, —i
index of the sheet; it depends by u; and p,. u, only causes lateral displacement which is given by x =M.
cosi
2

At a glance:

Denser

Rarer

/

ip>15
V,<V,;
Ha<Hy

<My

Figure 16.41
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PLANCESS CONCEPTS

In general, the speed of light in any medium is less than that in vacuum. The refractive index p of a
medium is defined as,

_ Speed of light in vaccum ¢

“_Speed of light in medium v

Anand K (JEE 2011 AIR 47)

lllustration 10: A light beam passes from medium 1 to medium 2. Show that the emerging beam is parallel to the
incident beam. (JEE MAIN)

Sol: When a ray of light enters from one medium to other medium of different refractive index, then according

sini .. . . . .
Mo —— where i is the angle of incidence and r is the angle of refraction. The first refracted
u, sinr

ray is incident on other surface. So the angle o incidence on the second surface is equal to the angle of refraction
from first surface.

to Snell's law we get

Applying the Snell’s law at A and B, p, sini; = p, sini,
sini
or L _>T2 .. ()
Hy  sini
Similarly, W, sini, =, sinis
By _siniy . (i)
u,  sini

From Egs (i) and (ii) iy =i, ; i.e. the emergent ray is parallel to the incident ray.

Figure 16.42

lllustration 11: The refractive index of glass with respect to water is (9/8) and the refractive index of glass with
respect to air is (3/2). Find the refractive index of water with respect to air. (JEE MAIN)

Sol: The refractive index of medium one with respect to medium two is given by Mo = -2

M

To find the refractive index of water with respect to air, we need to obtain the ratio between whg and aMg
Given whg=9/8 and jn ,=3/2.
As apgxgp_wxwpazl

L gk =
WMaaw aggWWPLg
3/2 4

atw=97873



16.16 | Geometrical Optics

lllustration 12: (i) Find the speed of light of wavelength A = 780 nm (in air) in a medium of refractive index pu = 1.55.

(i) What is the wavelength of this light in the given medium? (JEE MAIN)

Sol: In a medium of refractive index p the velocity of wave is given by v = € andthe wavelength of wave is given
n

-
by )\‘medium = ;Ir
8
(i) v=£=%=1.94x108m/s
u .
. 780
(||) kmedium = % = E =503nm.

5.4 Image Due to Refraction at a Plane Surface

Consider the situation given in the Fig. 16.43. A point object O is placed in a medium of refractive index , . An
another medium of refractive index p, has its boundary at PA. Consider two rays OP and OA originating from
O. Let OP fall perpendicularly on PA and OA fall on PA at a small angle { with the normal. OP enters the second
medium without deviating, and OA enters by making an angle r with the normal. When produced backward, these
rays meet at | that is the virtual image of O. If { and r are small,

- . PA
sini=tan 1=—;
PO I
and sinr=tan r=%.
sini © o} r
Thus, H L
u, sinr I AN
* o i v ‘\I

PA PI PI . N

=l — || =—|===. .. U Yr S\ 3
(POJ [PAJ o P NA B P A M
. . H2 Ho
Suppose medium 2 is air and an Y r v
observer looks at the image from this r
medium. The real depth of the object
inside medium 1 is PO, whereas the
depth as it appears to the observer is @) (b)
Pl. Writingu, =1 and p, =u, Eq. (i) )
gives, 2 ! Figure 16.43
1 _ apparent depth ; _ real depth
m real depth ' H apparent depth

The image shifts closer to the observer’s eye by an amount

Ol =PO-PI = [P?)C_)PIJPO = [1—%)PO or, At = [l—lJt, where t is the thickness of the medium over
u

the object, and At is the apparent shift in its position toward the observer. Note that At is positive in Fig16.43 (a)
and negative in Fig. 16.43 (b).
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Different Scenarios at a Glance:

ux
Air

Air
Medium

Medium

Figure 16.44

lllustration 13: A printed page is kept pressed by a glass cube (p = 1.5) of edge 6.0 cm. By what amount will the
printed letters appear to be shifted when viewed from the top? (JEE MAIN)

Sol: As the glass of thickness t = 6 cm is kept on the page, the image of letter appears to be shifted closer to eye

by At :(l—ljt
W

The thickness of the cube = t = 6.0 cm. The shift in its position of the printed letters is

At = 1—l xt = 1—i x6.0cm=2.0cm.
n 15

5.5 Shift Due to a Glass Slab (Double Refraction from Plane Surfaces)

(a) Normal Shift:

(@
m

Refer Fig 16.45: An object is placed at O. Plane surface CD forms

its image (virtual) at |.. This image acts as an object for EF which initially /
forms the image (virtual) at I. Distance Ol is called the normal shift, and (7
its value is

o 2h422)

Proof: Let OA =x
Al = ux (Refraction from CD) u
Bl =px+1t D E
————l
BI
Bl——L_xil (Refraction from EF) t
K S Figure 16.45

Ol = (AB + OA) —BI :(t+x)—[x+£j=[1—ljt.
m m
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(b) Lateral Shift: We have already discussed that ray MA is parallel
to ray BN, but the emergent ray is displaced laterally by a
distance d, which depends on u, t and i, and its value is given
by the relation

d=t|1- ' |sini.
Ju? =sin?i
Proof:
pg=AC __t (as AC=t).
cos r cosr
. t - ..
Now, d=ABsin(i—-r)= sinicosr—cosisinr K |
( ) cos r[ ] t
.. . . Fi 16.46
or d= t[sm i—cosi tan r] N0) 'gure
sini . sin
Further pz; or smr:I—
sirr u
’fanr:—smI
Ju? —sini
o . cosi L
Substituting in Eq. (i), we get d =t| 1 - ————=|sin i.
Jp? —sin?i
6cm
————i

lllustration 14: A point object O is placed in front of a concave
mirror of focal length 10 cm. A glass slab with a refractive
index of u=3/2 and thickness of 6 cm is inserted between an
object and a mirror. Find the position of the final image when
the distance x shown in the Fig. 16.47 is: (@) 5cm  (b) 20 cm

pu—

(JEE MAIN)
Sol: As the glass slab of thickness t = 10 cm is kept in front
of the mirror, the image of object from the slab appears to be I¢ ™ b
shifted closer to mirror by At= (1—%} . The position of the " 32 cm "
image is given by St 7 where u is the distance of object, Figure 16.47

f is the focal length of the mirror and v is the distance of the
image from mirror.

As we know that the normal shift produced by a glass slab is Ax = (1 —ijt = (1 —%J(G) =2cm;
i

i.e. for the mirror, the object is placed at a distance (32— Ax) = 30cm from it. Now apply the mirror formula,

1.1 1001 1 1 - 15em.

v u f v30:E

(i) When x = 5cm: The light falls on the slab on its return path as shown in the Fig. 16.48, but the slab will again
shift it by a distance of Ax =2cm. Hence, the final real image is formed at a distance of (15+2) =17 cm from the
mirror.
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15cm

/ \ I« >

KTN “““ )/
L Y T —>
/% AX

Figure 16.48

> 15 cm "

(i) When x = 20 cm: The final image is at a distance of 17 cm from the mirror in this case also, but it is virtual.

6. CRITICAL ANGLE AND TOTAL INTERNAL REFLECTION

When a ray of light passes from an optically denser medium (a medium with larger p) to an optically rarer medium

. . sini
(a medium with smaller p), we have — = B
sinr

1.

When we gradually increase the value of i, the corresponding r value also increases, and at a certain point, r
becomes 90°. Let the angle of incidence for this case be 6_ called the critical angle of the given pair of media. If i
is increased further, there is no r that can satisfy the Snell's law. Then, all the light waves are reflected back into the
first medium. This is called total internal reflection (TIR). Generally, the critical angle of a medium is quoted for light
travelling from the denser to the rarer medium. In this case, p, =1.

sinec 1

sin90° B u

When substituting p, = p, then the Snell's law becomes

or sin 6, =(1/M) or 0. =sin"(1/p) .

lllustration 16: A point source of light is placed at the bottom of a tank filled with water up to the level of 80 cm.
Find the area of the surface of water through which light from the source emerges out. Assume that the refractive
index is equal to 1.33. (JEE ADVANCED)

Sol: When light travels from a denser medium (water) to the rarer medium (air) for angle of incidence i greater than

critical angle, than by Snell's law we getsin C = L
1

Let the light emerges out of a circular area of radius r as shown in the figure.

Step 1. Using sinC=1, We get
n

in C=—_ =07513
133

- C=sin"(0.7519) = 48.75°

Step 2. From APOR,

tanC= PR _ T O (Source of light)
OP 80

- r=80tanC = 80tan(48.75°) = 80 x 1.14 = 91.2cm

Figure 16.49

Step 3. .. Area through which light emerges out =nr? :3.14x(91.2)2 =26116.76cm? = 2.6m.
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lllustration 17: The critical angle for water is 48.2°. Find its refractive index.

. 1 /\
Sol: By Snell’s la egety= .
Y wwe getu sin C 4
he—t—— L _13a.
sin6, sin48.2°

Day-to-day life: Due to heating of the earth, the refractive
index of air near the surface of the earth is lesser than
that above the earth. Light waves from a distant object
reach the surface of earth at an angle of i>6_, so that the
TIR will take place, and the image of an object creates an
illusion of water near the object.

(JEE MAIN)

Denser

~
e
~
.
~
.
~
~~
..
~~.
~~
..
.
~~
..
~
~~.
~
~
~

Mirage

Figure 16.50

7. REFRACTION AT THE SPHERICAL SURFACES

Refraction at a single spherical surface

If the boundary between two transparent media is curved either as a convex or as a concave spherical surface, an
object O in a medium of refractive index p, forms animage I in a medium of refractive index K, as shown in the
Fig. 16.51. When the ray from O is incident at an angle i on the medium of refractive index W, the refracted ray
forms an image | after refraction in the medium of refractive index p, at angle r according to the Snell’s law.

W sini=p,sinr.

"‘
.
.
.

7777////
[/

Y1

N

Figure 16.51

Hy
v

N
u

The relation between u=0P and v=IP is given by _K 2

PLANCESS CONCEPTS

The relation is valid for a single spherical surface or plane

11717717

u

2 "M

refracting surfaces, and the sign convention

for the spherical mirrors and spherical refracting surfaces are the same.

Lo
u

The refraction formula 22 — H

\'%

= Dactual using this.
u

sl _baTh
u

Let us derive dapp

Applying o _
v

27 canalso be applied to plane refraction surfaces with R =0 .

R B with proper sign and values, we get
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PLANCESS CONCEPTS

E_LZJ'__}J':O or VZ—E N /
v —-d o0 vl R=x 2
+ve
i.e. the image of object O is formed at a distance & on the
same side. K d
or d _ dactual .
app n

Figure 16.52

Anurag Saraf (JEE 2011 AIR 226)

lllustration 18: A sunshine recorder globe of 30 cm diameter is made of glass of refractive index n = 1.5. A ray of
light enters the globe parallel to the axis. Find the position from the center of the sphere where the ray crosses the
principle axis. (JEE ADVANCED)

Sol: As the light enters from air to the globe of refractive index n than for the refraction at the surface we have
relation XL H2 _H2 —H1

u v R
First refraction (from the rarer to the denser medium): Here, u= -, n, =1.5,R = +15cm.

. . n n n, —n
Using the relation, 2 4+-1=-—2__1

\% u R

n n, —n n
. p) b ' 1
le. — = |t

% R u

15 15-1 1 1

Y

v 15 +@_%"

= v =45cm. Figure 16.53

Second refraction (from the denser to the rarer medium):
Here, R=-15cm, u'= (45-30) =15cm.

. . n n n, —n
Using the relation, . ——2 -1 2

v u' R
. 1 15 1-15 1 , 30
le. — = = = v'=—=75cm.
v' 5 -15 30 7

- Distance at which the image is formed from the center of the globe is (15+7.5) =22.5 cm.

lllustration 19: Locate the image of a point object O in the situation shown in the figure. Point C denotes the
center of curvature of the separating surface. (JEE ADVANCED)

Sol: According to the sign convention as the object is placed left to the pole, the distance of it is considered to be

negative. Using the formula Lar R HZR;Ml we get the distance of image from the centre of curvature.
v u
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Here, u=-15cm, R=30cm, p; =1 and pu, =1.5 We have

u=10 n=15
v S o O o i
v u R o C
15 10 15-1 , .
v -15cm  30cm 15cm 30 cm
1> = 05 1 ; = v=-30cm
v 30cm 15cm
The image is formed 30 cm left to the spherical surface and is Figure 16.54

virtual.

lllustration 20: A glass sphere of radius R=10 ¢cm is kept
inside water. A point object O is placed at 20 cm from A as
shown in the figure. Find the position and nature of the image

when seen from other side of the sphere and also draw the
ray diagram. Assume p =3/2 and p, = 4/3.
(JEE ADVANCED)

Oe

20 cm

Sol: As the light passes through medium of different
refractive indices at each refraction the position of image

Kl

Figure 16.55

of point object is found by Loz}
vV u R

A ray of light from object O gets refracted twice. The P/-\M
direction of this light ray is from the left to right. Hence, the >

. . - . 2 2 1\2
distances measured in this direction are positive. 1 A 8

When applying Lar R B o F:HI twice with proper signs, )
\

3/2 4/3_3/2-4/3
Al -20 10

or AL, = -30cm.

we have

! —> +ve

Figure 16.56

Now, the firstimage 1, acts an object for the second surface,
where

BI, =u=—-(30+20)=-50cm.
4/3 3/2_4/3-3/2
BI -50  -10

2
~.BL, =-100 ¢m, i.e. the final image I, is virtual
and is formed at a distance of 100 cm (toward

left) from B. The ray diagram is shown in the I I, 0] A C B
figure. e
20 cm

The following points should be taken into ¢ b
. . . 30 cm
account while drawing the ray diagram.

x
p 4

100 cm
(i) At P, the ray travels from a rarer to a denser

medium. Hence, it will bend toward normal PC. Figure 16.57
At M, it travels from a denser to a rarer medium
and hence moves away from normal MC.

(ii) PM ray when extended backward meets at 1,
, and MN ray when extended meets ati,.
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7.1 Lateral Magnification

The lateral magnification may be obtained with the help of the
adjacent Fig. 16.58, where two rays from the tip of an object
of height h, meet at the corresponding point on an image of

height h,. One ray passes through the center of curvature of 0 M\e\lhl

the spherical surface so that its direction is unchanged. The
path of the second ray is obtained from the Snell’s law. With
the paraxial approximation,

X
p 4
X
L 4

; ho ; h,
sin & *—  and sin@, ~— . .
u \Y Figure 16.58

Combining these equations with the Snell’s law, then,

(efuly) o )

The lateral magnification m is the ratio of the image height to the object height or .

hy
h.
We, therefore, obtain [”—1j [XJ e — = (ﬁ}(l]
Hy, AU h, m, lu

PLANCESS CONCEPTS

Here, v is +ve, uis —ve, h is -ve, h is +ve (the distances measured above the axis are positive). So, if we

put these sign conventions, in Eq. (vi), we obtain the same result m = hY

My U
Chinmay S Purandare (JEE 2012 AIR 698)

lllustration 21: Find the size of the image formed in the

situation shown in the figure. (JEE MAIN) n=1 u=133

center of the curvature, then according to sign convention

Sol: Here as the object is placed left to the pole beyond 1.0 ch C
the distance of object is considered to be negative. ©

20 cm

The distance of image is found by Lo B WL B §

v u R : 40 cm 7
Here, u=-40cm, R=-20cm, p; =1, u, =133, Figure 16.59

My My Myl

% u R

1.33_ 1 _1.33—1:> 1.33__ 1 _0.33
% —-40cm —-20cm % 40cm 20cm

We have

= v=-32cm.

h h _
The magpnification is m=—2 = MY o 2 _ 32cm
h,  pu 1.0cm  1.33x(—40cm)

=h, =+6.0cm..

The image is erect.



16.24 | Geometrical Optics

7.2 Refraction through Lenses

A lens is made of a transparent material with two refracting surfaces such that at least one of these is a curved one.
The convex lens is thicker in the middle, and the concave lens is thinner in the middle.

The plano-convex and plano-concave lenses have one plane surface, and the other surfaces are convex and
concave, respectively. Different types of typical lenses are shown in the Fig. 16.60.

/

Convex Concave Plano Plano Convexo
Convex Concave Concave

Figure 16.60

7.2.1 Parameters Associated with Lens

The center of curvature C is the center of the sphere, of which the curved surface of the lens is a part. The radius of
curvature of either surface of the lens is the radius of the sphere, of which the curved surface is a part.

Figure 16.61

The optical center, O, of a lens is a point through which the ray does not get deviated. The principal axis is a line
passing through the center (s) of curvature and the optical center. If the object is at infinity, the image is formed at
the principal focus and vice versa. The focal length is the distance between the optical center of a lens and a point
on which a parallel beam of light converges or appears to converge. The aperture of a lens is the effective diameter
of its light-transmitting area. The intensity of the image is directly proportional to the square of the aperture.

7.2.2 Rules of Image Formation

(a) A ray that passes through the optical center does not get deviated through the lens.

(b) Arayincident parallel to the principal axis after refraction through the lens either passes through the focus or
appears to pass through the focus after extrapolation.

(c) Avray that passes through the focus or directed toward it becomes parallel to the principal axis after refraction.
The rays of light from a point of object intersect or appear to intersect after refraction through the lens and
form an image. If the rays actually intersect, then the image is real, and if the rays appear to intersect, then
the image is virtual.
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S. No | Position of object Diagram Position of Nature of image
image
- Real, inverted and
1 Infinity > F Principal focus diminished
Figure 16.62
. . F . Real, inverted and
Between 2F and o ) ) * ' —
2 oF . W Between F and 2F | diminished
Figure 16.63
’%\F Real, inverted and
y t SIF of same size as
3 SF oF c v\)\l 2F | 2F the object
Figure 16.64
/
: ; ; . ~F Real, inverted and
4 Between F and 2F 2F F N Beyond 2F magnified
Figure 16.65
2’1 \ Real, inverted and
5 |F F *&7;_ Infinity highly magpnified
Figure 16.66
Virtual, erect and
6 Between F and Same side as the magnified
optical center optical center
Figure 16.67

A lens has two foci, which is not a case in a mirror.
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First focus (F,): If an object (real in case of a convex, virtual for concave) is placed at the first focus (F,), the image
of this object is formed at infinity, or we can say through F, it becomes parallel to the principal axis after refraction
from the lens. The distance from the first focal length is f, .

—> Incident light

First focus

Second focus

A
Ee VAR,
A
V=

Figure 16.68

Second focus or principal focus (F,): A narrow beam of light that travels parallel to the principal axis either
converge (in case of a convex lens) or diverge (in case of a concave lens) at a refraction (r) from the lens. This point
F, is called the second or principal focus. If the rays converge, the lens is a converging lens, and if the rays diverge,
then the lens is a diverging lens. It can be seen from the Fig. 16.68 that f; is negative for a convex lens and positive
for a concave lens. But f, is positive for a convex lens and negative for a concave lens.

|f1| = |f2| if the media on the two sides of a thin lens have the same refractive index.

We mainly concern with the second focus f,. Thus, wherever we write the focal length £, it means the second or
principal focal length. Therefore, f = f, and, hence, fis positive for a convex lens and negative for a concave lens.

7.4 Image Formation by a Concave Lens

An image | formed by a concave lens of a real object O 1 T
occurred beyond F and the optical center is virtual, erectand | ..

diminished. The image is formed at F if the object is at infinity. o F I

7.5 Lens Formulae Figure 16.69

If an object is in a medium of refractive index p, at a distance u from the optical center of a lens having radii of
curvature R, and R, and of refractive indexp,, its image is formed at a distance v from the optical center, then

11w og)(11
v ou | R, R,)

If is the focal length of the lens, then

~ |
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If u is the refractive index of the material the lens is made of with respect to the surrounding medium air,

then lzl_l:(u—l) i_i .
f v u R, R,

If I and O are the lateral or transverse size of the image and object, respectively, the magnification m is given

I v
m=—=—
by, O u
The power P of the lens is given by P = _1 _ 100 dioptre.
fm)  f(c
PLANCESS CONCEPTS
Suppose m is positive, it implies Incident light 5
v and u are of same sign, i.e. the — -
object and its image are on the R, R,>0
same side (left side), which implies G, C
that the image of a real object is ®
virtual. Thus, m=+2; it implies R
that the image is virtual, erect and '
magnified to two times the actual
(@)
size, and |v| =2|u|. Similarly, . .
1 Incident light R.>0
m =—= implies that the image is ; '
2 R, R,>0
real, inverted and diminished, and G, C
1 ° :
v|==|ul.
M=2h :
For a converging lens, R; is
positive and R, is negative. (b)
1 1. "
Therefore, ———ZJ is positive, Figure 16.70
and if the lens is placed in air,
the value of (u—l) is also positive. Hence, the focal length f of
a converging lens is positive. For a diverging lens, however, R; is
negative and R, is positive at the focal length f.
The focal length of a mirror [fM = %) depends only on the radius of
curvature R, while that of a lens depends on p,,u,,R; andR,. Thus,
when a lens and a mirror both are immersed in a liquid, the focal
length lens changes, whereas that of the mirror remains unchanged.
Suppose u, <y, i.e. the refractive index of the medium (in which
the lens is placed) is more than the refractive index of the material Figure 16.71

the lens is made of, then (”_2_1j becomes negative, i.e. the lens’

M
behavior changes. A converging lens behaves as a diverging lens and vice versa. An air bubble in water

seems to be a convex lens, but behaves as a concave (diverging) lens.
Yashwanth Sandupatla (JEE 2012 AIR 821)
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lllustration 22: The focal length of a convex lens in air is 10 cm. Find its focal length in water. Assume

ng=3/2andp, =4/3 (JEE MAIN)
Sol: The focal length of lens is given by %:%—% = (1H2 —1)[%—%) .
oot
a1 [“_9_1}[&_&} 0
Fwater (M Ri R,

fwater _ (Mg _1)

Dividing Eq. (i) by Eq. (ii), we get
fair (“g /MW _1)

3/2-1
Substituting the values, we get f ... = (3/2—)fair; =4f ... =4x10=40cm.
|
Y
. . . . . 0
lllustration 23: An image | of point object O is formed by a lens whose °
optical axis is AB as shown in the Fig. 16.72.
(@) State whether it is a convex or a concave lens? A B
. ) i
(b) Draw a ray diagram to locate the lens and its focus. Figure 16.72

(JEE ADVANCED)

Sol: For the convex lens, the image of the object is real, formed on the opposite site and is always inverted while
for concave lens the image of an object is always virtual, erect and on the same side of object.

(@ () A concave lens always forms an erect image. The given
image [ is on the other side of the optical axis. Hence, the lens
is convex.

(i) Join O with I. Line OI cuts the optical axis AB at pole P of the
lens. The dotted line shows the position of the lens.

O
o
<
=
w

Then, draw a line parallel to AB from point O. It cuts the dotted line
at M and join M with I. Line Ml cuts the optical axis at focus (F) of

Fi 16.7
the lens. igure 16.73

lllustration 24: Find the distance of an object from a convex lens if image is magnified two times the actual size.
The focal length of the lens is 10 cm. (JEE MAIN)
Sol: For the convex lens, the position of the object from the lens is given by 11 l

v u f
A convex lens forms both type of images, i.e. real and virtual. Since the type of the image is not mentioned here,
we have to consider both the cases.

When the image is real: In this case, v is positive and u is negative with M = Z‘U‘.

Thus, if u=-xthen v=2x and f=10 cm.

Substituting in l_l:l,
v u f
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Weget L. l_1 3_1
€9 X 10 or 2x 10
x=15cm

x =15 cm; it implies that the object lies between F and 2F.

When the image is virtual: In this case, v and u both are negative. So let, u=-y thenv=-2y and f=10cm.

Substituting in l_l:l We get, L+l:i
v u f -2y y 10
or i:i; y=5cm.
2y 10

y=5 cm; it implies that the object lies between F and P.

7.6 Displacement Method to Determine the Focal Length of a Convex Lens

If the distance d between an object and a screen is
greater than four times the focal length of a convex
lens, then there are two possible positions of the lens

between the object and the screen at which a sharp T

image of the object is formed on the screen. This

method is called displacement method and is used in  Object \/

Screen

laboratory to determine the focal length of a convex
lens.

x

To prove this, let us take an object that is placed at a u d-u
distance u from a convex lens of a focal length f. The d
distance between the image and the lens v = (d-u).

From the lens formula, 11 = l

v u f

Yy ¥

x

Figure 16.74

We have r 1.1 = W -du+df=0

-u —u_f

~dx,/d(d-4f)
T

Now, there are following possibilities:

(i) If d<4 f, then u is imaginary.

(i) If d=4f, then u =5= 2f . Hence, there is only one possible position and the minimum distance between an

2

2

object and its real image in case of a convex lensis 4 f.

(iii) If d > 4f, there are two possible positions of lens at distances an

an real image is formed on the screen.

, for which

(iv) If I is the image length in the first position of the object and /, is the image length in the second position, then

the object length O is given by O =/L,1, .

Proof:
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d-/d(d-4) d+.Jd(d—-4)
|U2|= 7 |V1|=d—|u2|=f\/7
Now |m1m2| _161)(15 _ ||:i|| %

Substituting the values, we get 121 or O=lLL

7.7 Lenses in Contact

If two thin lenses of focal lengths 7, and ¢, are placed in contact, the equivalent focal length F of this combination

e i 1 1 1
isgivenby = - — 4 — .
VA P
If one surface of the lens is coated with silver, the effective focal length F of the combination is given by
% = f£+fi where g, is the focal length of the lens, and f, is the focal length of the silvered surface.
| m
When two lenses of focal lengths s, and f, are kept distance d apart from each other, the focal length of this
combination is givenby 1 -1, 1 d
F A f hf 11 1 d/
If there is a medium of refractive index Il between the lenses, the equivalent focal length Fis —= Sy 2R
Ff f
11
Note: When more than two lenses in contact, the equivalent focal length is given by the formula,E = f_
i=1 Ji
Here, r, 7, ... should be substituted with their respective signs.
Important Observation: To find the position of an image when one R, Rz
face of a lens is coated with silver.
The given system finally behaves as mirror, whose focal length is given r
by o\
1/v+1/u=1/f. —> +ve
3_2(“2/“1)_2(”2/%_1) e »
f R, R, !
Figure 16.75

PLANCESS CONCEPTS

A lens made of three different materials has three focal lengths. Thus, for a given object, there are three

images.
Hq
R R
f H
- ——  or 2f 2f
\/f M3

Figure 16.76
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PLANCESS CONCEPTS

Memory zone

A AV

In contact In contact

(B)

Figure 16.77

(A) The resultant focal length in this case is %

(B) The resultant focal length in this case is co. This is because the optical axes of both parts have been
inverted.

Anurag Saraf (JEE 2011 AIR 226)

lllustration 25: A double concave lens made up of glass of refractive index 1.6 has radii of curvature of 40 cm and

60 cm. Calculate its focal length in air. (JEE MAIN)
Sol: For double concave lens, the focal length is given by L :( “pg —1){i—iJ where “u = n is refractive index
of glass with respect to air. f Ri R,
: .1 1 1
Using the relation — =(n-1)] ——-— |. HereR; =-40cm,R, =+60cmand x=16.
f Ry R,
Weget L_@6-1)f -t -1 |__0g/00+40)_ 1
f -40 60 60x40 40
ie. f=-40cm

. . 2 .. . .
lllustration 26: A biconvex lens has a focal length ] times the radius of curvature of either surface. Calculate

refractive index of lens material. (JEE MAIN)
. ) . . o1 1 1

Sol: The biconvex or double convex lens, we can find the refractive index of material using ? =(n-1) ark
1 ™2

Here, fzgR R, =RandR, =R.

: D oopl i1 ERN G
Using ?—(n 1)[ RZJ, we get R (n l)( +

lllustration 27: A glass convex lens has a power of 10.0 D. When this lens is fully immersed in a liquid, it acts a
concave lens of focal length 50 cm. Calculate the refractive index of the liquid (Assume aug =15).
(JEE ADVANCED)
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Sol: Power of convex lens is given by P = g where 1 :( aug —1){}%—lJ . When lens is immersed inside the
1 ™
o o 1| hg 11
liquid, it now behaves as concave lens thus the focal length of the lens is given as 7 R R
By 1 2
P:& .'.f:wzlocm.
f(in cm) 10
Nowl=(au _1) 1.1 ; 1 o5t 1
f 9 R, R, 10 R, R,
1 1 1 .
[___]:_ 0
R, R, 5
When fully immersed in a liquid, f = -50cm
a
NE AL (L_Lj Y
0 | oy R; R, gt
“u 1 g1 9 10 10
. 9 _ =—— . g:—— 1=— or aulz—xa gZ—X1.5:1.67
B 10 B, 10 10 9
lllustration 28: A thin plano-convex lens of focal length f is split into two halves. One
of the halves is shifted along the optical axis as shown in the Fig. 16.78. The separation
between the object and image planes is 1.8 m. The magnification of the image formed
by one of the half lens is 2. Find the focal length of the lens and the distance between
the two halves. Draw the ray diagram of image formation. (JEE ADVANCED)
Sol: When the lens is cut in two halves along principle axis, the focal length of both the
halves is equal as the original len. <18>
.8m
For both the halves, the position of the object and the image is same. There is difference .
Figure 16.78

only in magnification. Magnification for one of the halves is given as 2 (>1). This is the

first one, because M > ‘U‘ So, for the first half,
‘v/u‘ =2 or M = ZM
Let u=-—x, then V = +2X

and ‘u‘ + M =1.8m,

i Z
ie. 3x=1.8m or x=0.6m ; B
L
1
Hence, u=-0.6m and v =+1.2m 2
-
-
‘ 1 11 1 1 1 £ B,
Usin e S =04m 2
g f v u 12 -06 04 / E(AMM)
-
-
For the second half, l: 1 1 2
f 12-d —(0.6+d) 2
1 1 1 2
or 2

04 12-d (06+d)

0.6m 0.6m 0.6m
By solving this, we get d=0.6m Figure 16.79
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Magpnification for the second half will be m, = v__06 _ —1,
u —(1.2) 2
and for the first half is m, _v_12
u —(0.6)

The ray diagram is shown in the Fig. 16.79.

lllustration 29: A converging lens of focal length 5.0 cm is placed in contact with a diverging lens of focal length
10.0 cm. Find the combined focal length of the system. (JEE MAIN)

Sol: The focal length of the combination of lenses is given by %: fi+fi
1 2
Here, f; =+5.0cm and  f, =-10.0cm

Therefore, the combined focal length F is given by

1 1. 1 1 1 1
100

F=+10.0cm

_ +— = R

F /. f, 50 100

i.e. this combination behaves as a converging lens of focal length 10.0 cm.

7.8 Power of an Optical Instrument

By the optical power of an instrument (whether it is a lens, mirror or a refractive surface), we measure the ability of
the instrument to deviate the path of rays passing through it. If the instrument converges the rays parallel to the
principal axis, its power is positive, and if it diverges the rays, it is a negative power.

Figure 16.80

The shorter the focal length of a lens (or a mirror), the more it converges or diverges light. As shown in the Fig.
16.80, f1 < f2,and hence, the power P, > P,, because bending of the light ray in case 1 is more than that in case
2. For a lens,

P (in dioptre) = ;, and for a mirror, P (in dioptre) = ————
f (metre) f (metre)

At a glance:

Nature of lens/ Focal length Power Converging/ Ray diagram
mirror ) P, = %’ P, = _% diverging

Convex lens +ve +ve Converging —>———;: ;

)
. ,'
N
A2

Figure 16.81
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Nature of lens/ Focal length Power Converging/ Ray diagram
mirror 1 1 divergin
(f) P=2,P, =2 eI
f f
%
Concave mirror | —-ve +ve Converging \AE
> =
Figure 16.82
Diverging
Concave lens -ve -ve
Figure 16.83
Convex mirror +ve -ve diverging %/
Figure 16.84

PLANCESS CONCEPTS

Both convex lens and concave mirror have positive power and are converging in nature, whereas both
concave lens and convex mirror have negative power and are diverging in nature.

Vaibhav Krishnan (JEE 2009 AIR 22)

lllustration 30: A spherical convex surface separates an object and an image space of refractive index 1.0 and % .

If the radius of curvature of the surface is 10 cm, find its power.

Sol: For the convex lens power of magnification is given by P =%

wherelz LB L1
ol R, R,

We have to find where do the parallel rays converge (or diverge) on
the principal axis and call it the focus and the corresponding length
is the focal length.

By W Hpohy

Using 2
vV ou

(JEE ADVANCED)

40 cm

1)

Y

F

[~
\

Y

M\ Mo

Figure 16.85
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With proper values and signs, we have 4/3_10_4 /3_1’0; or f=40cm=0.4m

0 +10
Since, the rays are converging, its power should be positive. Hence,

+1 1

P (in dioptre) = ———M = —;
(in dioptre) f (metre) 0.4

or P =25dioptre
lllustration 31: Two lenses of focal length 20 cm and -25cm are placed in contact. Find the total power of this

combination. (JEE MAIN)

Sol: The power of combination of lenses is given by p = P +P, ==+

>—l_'"||—‘
N_"’li—‘

f, =20cm, f, =-25cm; P, = 100 _ 100 5D

-7 20
PZ:%:J,D; " P=P +P,=5-4=10D
8. PRISM

The figure shows the cross section of a prism. AB and AC represent the refracting surfaces. The angle BAC is
the angle of the prism. Assume that the prism is placed in air. A ray PQ incident on a refracting surface AB,
gets refracted along QR. The angle of incidence and
the angle of refraction are i and r, respectively. The ray
QR is incident on the surface AC. Here, the light travels
from an optically denser medium to an optically rarer
medium. If the angle of incidence r' is not greater than
the critical angle, then the ray is refracted in air along
RS. The angle of refraction isi'. The angle i" is also called
the angle of emergence. If the prism were not present,
the incident ray would have passed un-deviated along
PQTU. Due to the presence of the prism, the final ray
travels along RS. The angle UTS= & is called angle of Figure 16.86
deviation. From triangle TQR,

ZUTS = ZTQR+~/TRQ

or  8=(£TQV-ZRQV)+(£TRV-ZQRV)

=(i—r)+(i'—r‘) =(i+i')—(r+r') o ()
Now, the sum of four angles of the quadrangle AQVR is 360°. The angles AQV and ARV both are 90°. Thus,

A+ ZQVR =180°.

Also, from the triangle QRV,  r+r'+ ZQVR=180°

Hence r+r'=A

Substituting in Eq. (i) d=i+i'-A
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8.1 Angle of Minimum Deviation

The angle i is determined by the angle of incidence i. Thus, the angle of deviation & is also determined by i. For a
particular value of i, § is minimum. In this case, the ray passes symmetrically through the prism, so that i={".

6 N

8 \\ /
i1:i2 ,il
R1=R2

Figure 16.87

8.2 Relation between the Refractive index and the Angle of Minimum Deviation

Let the angle of minimum deviation be §_. For a minimum deviation, i=i" and r=r".
We have 3,=i+i—A =2i-A
A+
or i = L N (
> (i)
Also r+r'=A; or r=A/2 .. (i)
The refractive indexis  n= s'in y
sinr
. A+9
sin 5 m
Using (i) and (ii) p=——77
sin —
2

If the angle of prism A is small, §_ is also small. Then, the equation becomes

A+d,
__ 2 _
w= A :>6m—(],l—1)A.
2
lllustration 32: The angle of minimum deviation from a prism is 37°. If the angle of prism is 53°, find the refractive
index of the material of the prism. (JEE MAIN)
. A+96
sin m
Sol: For prism, the refractive angle is given by u = i
sin —
2
At Sin53°+370 .
in4
sin 2 sin 53" sin 26.5

2
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lllustration 33: A ray of light passes through a glass prism such that the angle of incidence is equal to the angle
of emergence. If the angle of emergence is 3 times the angle of the prism, then calculate the angle of deviation
when the angle of prism is 30°. (JEE MAIN)

Sol: For prism, we have relation i+e =A+3, whereiand e are angle of incidence and emergence respectively. A
is angle of prism and § is angle of minimum deviation

Given that i=e, e:[%)A and A =30°.
Using the relation i+e=A+3, we get d=i+te-A=e+e-A=2e-A

=2 x (%)A—A =0.5A = 0.5X30° =15°.

8.3 Condition of No Emergence

In this section, we want to find the condition such that a ray of light entering the face AB does not come out of the
face AC for any angle i, i.e. TIR takes place on AC

n+r=A;" rnL=A-rn

r ) -A —(r ) .
or (2 min 1 /max (X)
Now, r, will be maximum when i is maximum, and the maximum value of i is 90°

Csinfip) o sin90°

H , — =
ence H sin(rI )max sin(r1 )max
SIr(rI )maX - % - Sinec o (rI)max - ec :
From Eq. (X) (rz )mm =A-0_. .. (xi)

Now, if the minimum value of r, is greater than 6, then obviously all the values of r, will be greater than 6_and TIR
will take place under all the conditions. Thus, the condition of no emergence is,

(I‘2 )min > 6c or A_ec >ec .o (xii)

or A>26_.

Figure 16.88
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PLANCESS CONCEPTS

Equation r, +r, = A can be applied at any of the three vertices. For example in the Fig. 16.89, r, +r, =B.

A

B I~ C
Figure 16.89
Anand K (JEE 2011 AIR 47)

9. DISPERSION OF LIGHT

When a beam of white light that consists of spectrum of various wavelengths

ranging from long wavelengths in red color to short wavelengths in violet color
passes through a prism, it is split into its constituent colors. This phenomenon
is called dispersion. The dispersion of light takes place because the refractive

<—mO<0xm

index [l of a medium depends upon the wavelength L of light according to the

. B . . . -
Cauchy’s relation p=A +—, where p is maximum for violet and minimum for Figure 16.90
A
red color.

9.1 Angle of Dispersion

It is defined as an angle between emerging violet and red color

Red
o

Voilet

rays, i.e. angle of dispersion is given by a =08V -& ; =A(HV —MR).

9.2 Dispersive Powers Figure 16.91

The ratio of the angle of dispersion to the angle of deviation of the mean yellow color, §, of the ray produced by
any prism is called the dispersive power w of the material of the prism

. . 5., —0
Dispersive power = o =— 5 R.
Also, = :M, where W, , Uz and u are the refractive indices of violet, red and mean yellow colors respectively.
o

9.3 Deviation without Dispersion

If two suitable prisms of small angle made up of two different transparent materials are combined and placed
opposite to each other, then the net dispersion is equal to zero, and these prisms are called an achromatic pair of
prisms that produce a deviation of ray of light, but without any dispersion.

For the two prisms of angle A and A" and refractive indices for violet and red colors i1 , uR and p,' pR ', respectively,
the net dispersion = (Mv - MR)A+ (pv - pR')A' =0
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(u, - ug)A
(“'V_M'R)

If wand w' are dispersive powers of these prisms, and § and §' are their mean deviations, then

Al=—

By~ M By— By .
((L_1>R)(u—1)A+ H'_lR(p—l)A =0
wd+w'&'=0.

9.4 Dispersion without Deviation

If the deviation produced by the first prism for the mean ray is equal and opposite to that produced by the second
prism, the combination of such two prisms produces dispersion without any deviation. For zone net deviation,

6+8'=0.
(n-1)A , L
(n-1)A+(n'-1)A'=0; A'=-2—"_ (- sign denotes that the second prism is inverted),

(w-1)
where p and p’ are refractive indices for the mean color for prisms of angles A and A’, respectively.

Note: Most of the problems of prisms can be easily solved by drawing proper ray diagram and then applying laws
of geometry with the basic knowledge of prism formulae.

lllustration 34: The angle of a prism is A, and its one surface is coated with silver.
A light ray falling at an angle of incidence 2A on the first surface returns back
through the same path after suffering reflection at the second silvered surface.
Find the refractive index of material. (JEE MAIN)

sini

Sol: According to Snell's law we have p ==
=90-i sinr

. And the angle of refraction r

Figure 16.92

Given i = 2A. From the figure, it can be obtained that r = A.

ini sin2A  2sinAcosA
_sini_sin2A 2sinAcos —2cosA.

u_sinr_ sinA SinA

lllustration 35: A crown glass prism of angle 5° is to be combined with a glass prism in such a way that the mean
ray passes undeviated. Find (i) the angle of the flint glass prism needed and (ii) the angular dispersion produced
by the combination when white light passes through it. Refractive indices for red, yellow and violet color light are
1.514, 1.523, respectively, for crown glass and 1.613, 1.620 and 1.632, respectively, for flint glass.

(JEE ADVANCED)

Sol: For the angle of minimum deviation, we have the relation 0= (u —1)A . As prism of two different materials are

joined together, the ratio % gives the angle of minimum deviation for flint glass is obtained.
The deviation produced by the crown prism is 8 = (M—l)A, and by the flint prism is 0' = (u'—l)A' .

The prisms are placed at their inverted angles with respect to each other. The deviations are also in opposite
directions. Thus, the net deviation is

D=5-8"=(n-1)A—(n'-1)A’ .. (i)
(i) If the net deviation for the mean ray is zero, (u—l)A = (u'—l)A'
or A= (“_1)A _ 15171 so 400,

(w-1) T 1620-1
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(i) The angular dispersion produced by the crown prism is § -8 :(pv _“r)A' and that by the flint prism is
8, —08" =(n',—u', A",

The net angular dispersion is

§=(p, —i JA=(n',—n' JA" =(1.523-1.514)x5" —(1.632-1.613)x4.2° = -0.0348".

The angular dispersion is 0.0348°.

lllustration 36: An isosceles glass prism has one of its faces coated with silver.
A ray of light is incident normally on the other face (which has an equal size to
the silvered face). The ray of light is reflected twice on the same-sized faces and
then emerges through the base of the prism perpendicularly. Find the angles
of prism.

(JEE ADVANCED)

Sol: The angles of prism add up to 180°.
n=0 .r,=A=180°-20 - ()
/DFE=180" -90° - 2r, = 180° — 90° - 360° + 46 = 40— 270° ... (i)
M3=90° — /DFE = 360° — 46 .. (i)
/BFG=90°-0=90°-r;;  or =0 e (V)

From Egs (iii) and (iv), Figure 16.93

50 = 360° ; ~0=72°and 180°-20=36°.

~.Angles of prism are 72°, 72° and 36°.

10. DEFECTS OF IMAGES

The relations developed regarding the formation of images by lenses and mirrors are approximate, which do not
produce focused, perfect image of objects. The imperfections or defects in such images are called aberrations.
If the defect in image is due to such approximations, these can produce spherical aberration apart from coma,
distortion, astigmatism and so on. If the defect in image is due to the dispersion of white light into constituent
colors similar to that in prism, it is called chromatic aberration producing blurred colored image of the object. The
spherical and chromatic aberrations are briefly described in the following subsections:

10.1 Spherical Aberration

This aberration is produced due to the spherical nature of a lens or
a mirror. The rays of light from point object when incident near the
principal axis called paraxial rays are focused at a larger distance at
point I, and the rays incident near the periphery or margin of the lens
are focused near the lens at |, as shown in the Fig. 16.94. It gives a rise
to a defocused long image of a point object. The spherical aberration
can be reduced by any one of the following methods:

(a) Usingtwo thin convex lenses of focal lengths f, and f, separated
atadistance d=f; - f,.

Figure 16.94

(b) Using a plano-convex lens with its convex surface facing the incident or emergent light, whichever is more
parallel.
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(c) Either using a lens of large focal length or using a specially designed aplanatic lens, crossed lens or parabolic
reflectors.

10.2 Chromatic Aberration

As the refractive index for different wavelengths or colors comprising white or any composite light is different,
the image of an object illuminated by white light is colored due to the chromatic aberration. Such a defect can
by removed by using an achromatic doublet comprising a convex and a concave lens of focal lengths f, and f,
and dispersive powers @, and o, such that the ratio of their focal lengths is equal to the ratio of their dispersive
powers.

. . .
—l+—2:0 or _lz_f_l

f1 fz ('02 f2'

where dispersive power m:”"—_;lr and p,, p, and p are respective indices for wavelengths of violet, red and

mean yellow colors of white light.

11. OPTICAL INSTRUMENTS

Optical instruments are used to assist the eye in viewing an object. Let us first discuss about the human eye and
the mechanism through which we see.

11.1 The Eye

The eye has a nearly spherical shape of diameter 1 inch each. Following are some of the terms related to the eye.

(a) Cornea - The front portion of the eye is more sharply
curved and is covered by a transparent protective
membrane called the cornea.

Suspensory ligament

Vitreous humor

(b) Aqueous humor - Behind the cornea, there is a space Retina

filled with a liquid called aqueous humor. Aqueous

humour
(c) Crystalline lens—The part just behind aqueous humor Pupil

is called crystalline lens.
Cornea

(d) Iris — It is the muscular diaphragm between the
aqueous humor and lens and is the colored part that  Ciliary muscle
we see in the eye.

Figure 16.95

(e) Pupil — The small hole in the iris is called the pupil.
Varying aperture of the pupil controls the amount of
light entering into the eye with the help of iris.

(f) Retina - This is a screen-like structure on which the eye forms an image. The retina contains rods and cones
that receive light signal.

(g) Accommodation — When the eye is focused on a distant object, the ciliary muscles are relaxed so that
the focal length of the eye lens has its maximum value that is equal to its distance from the retina. The
parallel rays that enter into the eyes are focused on the retina, and we see the object clearly. When the
eye is focused on a closer object, the ciliary muscles are strained and the focal length of the eye lens
decreases. The ciliary muscles adjust the focal length in such a way that the image is again formed on
the retina and we see the object clearly. This process of adjusting focal length is called accommodation.
However, the muscles cannot be strained beyond a limit, and hence, if the object is brought too
close to the eye, the focal length cannot be adjusted to form the image on the retina. Thus, there is a
minimum distance for the clear vision of an object.
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The nearest point at which the image can be formed on the retina is called the near point of the eye. The distance
of the near point from the eye is called the least distance for clear vision. This varies from person to person and
with age. At a young age (say below 10 years), the muscles are strong and flexible and can bear more strain. The
near point may be as close as 7-8 cm at this age. In old age, the muscles cannot bear more strain and the near
point shifts to large values, say 1 to 2 m or even more. We shall discuss about these defects of vision and use
of glasses in a later section. The average value of the least distance for clear vision for a normal eye is generally
25 cm.

11.2 Apparent Size

The size of an object is related to the

size of the image formed on the retina.

A larger image on the retina activates h

larger number of rods and cones 0

attached to it, and the object looks 0 Image
larger. As it is clear from the Fig. 16.96,
if an object is taken away from the eye,

the size of the image on the retina
decreases, and hence, the same object
looks smaller. Furthermore the size
of the image on the retina is roughly 0

proportional to the angle subtended I
by the object on the eye. This angle mage
is called the visual angle, and optical

msfcr.u.ments. are used to '|ncrease this Figure 16.96
artificially in order to improve the
clarity.

lllustration 37: Two boys, the one is 52 inches tall and the other 55 inches tall, are standing at distances 4.0 m and
5.0 m, respectively, from an human eye. Which boy will appear taller? (JEE MAIN)

height of object
Distance of object from observer

Sol: The angle subtended by any object is given by « =

The boy which subtends the larger angle will appear taller.

The angle subtended by the first boy on the eye is o, = Sijh =13inch/m.
m
. 52inch .
And the angle subtended by the second boy is a, = Tom - 1linch/m.
.0m

As a4 >a,, the first boy will look taller when seen through the eye.

12. SIMPLE MICROSCOPE

When we view an object with naked eyes, the object must be placed somewhere between infinity and the near
point. The angle subtended on the eye is maximum when the object is placed at the near point. This angle is

90 ZB, (I)

where h is the size of the object, and D is the least distance for clear vision.
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This angle can further be increased if a converging lens of short focal length that is called a simple microscope or
a magnifier is placed just in front of the eye.

e
DSLN
RUNREEN
~ ~
~ -~
~ ~
~ ~
- -

5
I/

Figure 16.97

Suppose, the lens has a focal length f that is lesser than D and let us move the object to the first focal point F. The
eye receives the rays that come from infinity. The actual size of the image is infinite, but the angle subtended on
the lens (and hence on the eye) is

0 =— ... (i)

As f <D, Egs (i) and (ii) show that ©>6, . Hence, the eye perceives a larger image than it could have had without
the microscope. Because the image is occurred at infinity, the ciliary muscles are least strained to focus the final
image on the retina. This is called normal adjustment. The magnifying power of a microscope is 06/ 0,, where ©
is the angle subtended by the image on the eye when the microscope is used, and ¢, is the angle subtended on
the naked eye when the object is placed at the near point. This is also known as the angular magnification. Thus,
the magnifying power is a factor by which the image on the retina can be enlarged by using the microscope.

In the normal adjustment, the magnifying power of a simple microscope is by Egs. (i) and (ii),

0 h/f D
=— or m

6, h/D f

If f<D, the magnifying power is greater than 1.

The magnifying power can further be increased by moving the object more closer to the lens. Suppose we move
the object to a distance u,, from the lens such that the virtual, erect image is formed at the near point, although the
eye is strained, it can still see the image clearly. The distance u, is calculated using the lens formula,

1 1 1

u v f
Here, v=-D and u=-u,, so that
L:—l_i; or, R=1+R (lll)
-U, D f Uy
h

The angle subtended by the image on the lens (and hence on the eye) is ' = —
Uo

In this case, the angular magnification or magnifying power is

o _h/uw D, D

6, h/D u, f

The above equations show that the magnification is high when the focal length f is small. However, due to
several other aberrations, the image becomes too defective at a large magnification with simple microscope.
Approximately, a magnification up to 4 is trouble-free.

The magnifying power is measured in a unit X; therefore, if a magnifier produces an angular magnification of 10,
it is called as 10 X magnifier.
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13. COMPOUND MICROSCOPE

The Fig. 16.98 shows a simplified version of a compound microscope and the ray diagram of image formation. It
consists of two converging lenses set coaxially. The one that faces the object is called the objective, and the one
that is close to the eye is called the eyepiece or ocular. The objective has a smaller aperture and smaller focal length
than the eyepiece. The distance between the objective and the eyepiece can be varied by appropriate screws fixed
on the panel of the microscope.

Eyepiece

I ° ° i

Figure 16.98

The object is placed at a distance u, from the objective which is slightly greater than its focal length f,. A real
image and an inverted image are formed at a distance v, on the other side of the objective. This image becomes
the object for the eyepiece. For normal adjustment, the position of the eyepiece is adjusted such that the image
formed by the objective falls in the focal plane of the eyepiece. Then, the final image is formed at infinity. It is
erect with respect to the first image and, hence, inverted with respect to the object. The eye is least strained in this
adjustment as it has to focus the parallel rays coming toward it. The position of the eyepiece can also be adjusted
in such a way that the final virtual image is formed at the near point. The angular magnification is increased in this
case. The ray diagram in the Fig. 16.98 refers to this case.

The eyepiece acts as a simple microscope effectively used to view the first image. Thus, the magnification by a
compound microscope is a two-step process. In the first step, the objective produces a magnified image of the
given object. In the second step, the eyepiece produces an angular magnification. The overall angular magnification
is the product of the two.

Magnifying power

Refer to the figure, if an object of height h is seen by the naked eye and placed at the near point, the largest image

is formed on the retina. The angle formed by the object on the eye in this situationis 8, = D .. (i)
° D

When a compound microscope is used, the final image subtends an angle 6" on the eyepiece (and hence on the

eye) given by 0'= h— (i)
e

Where h’ is the height of the first image, and u_ is the distance between the first image and the eyepiece.

The magnifying power of the compound microscope is, therefore,

0 h' D [hj D
Mm=—=—x—=|— || = ... (i)
0, U, h h )l u,
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v
Also from the figure h— =—=— .. (iv)

h U, u
Now, D/u_ is the magnifying power of the eyepiece that acts as a simple microscope. Using the equations given
above, in normal adjustment, this value becomes D/ f . when the image is formed at infinity and 1+D/ f
when the image is formed at the least distance for clear vision, i.e. at D. Thus, for the normal adjustment, the

magnifying power of the compound microscope is, by Eq. (iii), mzl[fﬂ] when the image is formed at infinity
u e

andis m :X[1+£J when the final image is formed at the least distance for clear vision.

u

e
Using lens equation for the objective,

111 vV v

v u f UZE u _E

In general, the focal length of the objective is very small, so that Yossa Furthermore, the first image is close to
0
the eyepiece, so that v ~ |, where [ is the tube length (distance between the objective and the eyepiece). Thus,

If these conditions are satisfied, for the normal adjustment, the magnifying power of the compound microscope

ism= b when the image is formed at infinity and is m = L 1+R when the final image is formed at

o Jo 0 0
the least distance for clear vision.
In an actual compound microscope, all the objectives and the eyepieces consist of a combination of several lenses
instead of a single lens assumed in the simplified version.

lllustration 38: A compound microscope has an objective of focal length 1 cm and an eyepiece of focal length 2.5
c¢m. An object has to be placed at a distance of 1.2 cm away from the objective for normal adjustment.

(i) Find the angular magnification.
(i) Find the length of the microscope tube. (JEE ADVANCED)

Sol: As the objective lens of microscope is convex lens, the focal length is obtained as 111 and magnification
v ou

ism="_The length of microscopic tube is givenas L = v + f_ where v is the distance of image formed by objective.
u

(i) If the first image is formed at a distance v from the objective, we get

1 1 1
—_——— = or, v=6cm.
v (-1.2cm) 1cm

e . . v D 6cm  25cm
The angular magnification in normal adjustment is m=——= =

-——— ——=-50.
uf, 1.2cm 2.5cm

(i) For normal adjustment, the first image must be in the focal plane of the eyepiece. The length of the tube is,
therefore, L=v+f,=6cm + 2.5cm = 85 cm.

14. TELESCOPES

A microscope is used to view the object placed close to it, i.e. within few centimeters. To look at the distant objects
such as stars, planets and a distant tree, we use telescope. There are three types of telescopes that are used.
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(A) Astronomical Telescope

The Fig. 16.99 shows the construction and working principle of a simplified version of an astronomical telescope.

Figure 16.99

The telescope consists of two converging lenses placed coaxially. The one that faces the distant object is called the
objective, and it has larger aperture and focal length. The other is called the eyepiece, as it is placed closer to the
eye and has smaller aperture and focal length. The lenses are fixed in tubes. The eyepiece tube can slide within the
objective tube so that the distance between the objective and the eyepiece can be changed.

When the telescope is directed toward a distant object PQ, the objective forms a real image of that object in its
focal plane. If the point P is on the principal axis, the image point P’ is at the second focus of the objective. The
rays from Q are focused at Q' The eyepiece forms a magnified virtual image P"Q" of P'Q". This image is finally seen
by the eye. In normal adjustment, the position is adjusted such that the final image is formed at infinity. In such a
case, the firstimage P'Q’ is formed in the first focal plane of the eyepiece. The eye is least strained to focus this final
image. The image can be brought closer by pushing the eyepiece closer to the first image. A maximum angular
magnification is produced when the final image is formed at the near point.

Magnifying Power

Let the objective and the eyepiece have focal lengths f, and f,, respectively, and the object is placed at a large
distance u, from the objective. The object PQ in the Fig. 16.99 subtends an angle a on the objective. Since the
object is at infinity, the angle it would subtend on the eye, if there were no telescope, is o’.

As u, is very large, the first image P'Q" is formed in the focal plane of the objective.

From the figure | o |=| o' | z| tana' |:PO_IC32:Pf_Q ()
0

The final image P"Q" subtends an angle B on the eyepiece (and hence on the eye). From the triangle P'Q'E,,

_ Jo )
" EP .. (i)

P
EP’

B

o

5] tanp |-

If the telescope is adjusted for normal adjustment so that the final image is formed at infinity, the first image P'Q’
must be in the focal plane of the eyepiece.

Then EP'=f_.

Thus, Eq. (ii) becomes ... (i)

Bl Jo
o fe.

The angular magnification or the magnifying power of the telescope is
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_Angle subtended by the final image on the eye
~ Angle subtended by the object on the unaided eye

The angles B and a are formed on the opposite sides of the axis. Hence, the signs of these angles are opposite,

B__|B

and B/ a is negative. Hence, m=*= = —
ol o

Using Eq. (iii), m= —f—o.
fe
If the telescope is adjusted so that the final image is formed at the near point of the eye, the angular magnification

is further increased. Let us apply the lens equation to the eyepiece in this case.

Here, u = -EP" and v =-EP" = -D.

The lens equation is 111
v u f
1 1 1 1 1 1 +D
e S B e (iv)
-D -EP' f, -EP* f, D f.D
+D
By Eq (||)' E :M
a feD

p

The magnification is m=—=—
o

fol/e +P) f_o[Hf_ej

_Z0\ve J_ >

feD fe

Length of the Telescope
From the Fig. 16.106, we see that the length of the telescope is L = OP'+P'E"' = f, +P'E.

For normal adjustment, P'E = f_ so that L = f + f_ . For adjustment for the near-point vision, we get, by Eq. (iv),

fe feD

P'E = .
fetD fe+D

, so that the length is L = f, +

14.1 Resolving Power of a Telescope

The resolving power of a microscope is defined as the reciprocal of the distance between two objects, which can
be resolved when seen through the microscope. It depends on the wavelength A of the light, the refractive index
p of the medium between the object and the objective of the microscope and the angle 6 subtended by a radius
of the objective on one of the object. It is given by

_ 1 2usin®
Ad A
To increase the resolving power, the objective and the object are kept immersed in oil. It increases p and hence R.

The resolving power of a telescope is defined as the reciprocal of the angular separation between two distant
objects which are just resolved when viewed through a telescope. It is given by
_1__a
AO 1223
where a is the diameter of the objective of the telescope. The telescopes with larger objective aperture (1 m or
more) are used in astronomical studies.

15. DEFECTS OF VISION

As described earlier, the ciliary muscles control the curvature of the lens in the eye and hence can change the
effective focal length of the system. When the muscles are fully relaxed, the focal length is maximum. When the
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muscles are strained, the curvature of the lens increases and the focal length decreases. For clear vision, the image
must be formed on the retina. The image distance is, therefore, fixed for clear vision, and it equals the distance of
the retina from the eye lens. It is about 2.5 cm for a grown-up person. If we apply the lens formula to the eye, the
magnitudes of the object distance, the image distance and the effective focal length satisfy

1 1 1 1 1 1 .
=== or —=—-— 0]

Vo Uy S U [ Vv

Here, v, is fixed, and hence by changing f, the eye is focused on the objects placed at different values of u,. We
see from Eq. (i) that when f increases, uincreases, and when f decreases, u, decreases. The maximum distance
one can see is

E S . (i)

I
umax fmax VO

where f__ is the maximum focal length possible for the eye lens.

max

The focal length is maximum when the ciliary muscles are fully relaxed. In a normal eye, this focal length equals the
distance v, from the lens to the retina. Thus,

VO = fmax by (“)' umax = .

Theoretically, a person can have clear vision of the objects placed at any large distance from the eye. For the closer
objects, u is smaller, and hence, f should be smaller. The smallest distance at which a person can have a clear vision
is related to the minimum possible focal length f. The ciliary muscles are most strained in this position. By Eq. (ii),
the closest distance for clear vision is given by

1 1 (D)

umin fmin VO

For an average grown-up person, u_.. should be around 25 cm or
less. This is a convenient distance at which one can hold an object in
his/her hand and can see. Thus, a normal eye can clearly see objects
placed in the range from about 25 cm from the eye to a large distance \
of the order of several kilometers. The nearest point and the farthest
point up to which an eye can clearly see are called the near point and
the far point. For a normal eye, the distance of the near point should
be around 25 cm or less, and the far point should be at infinity. We
now describe some common defects of vision.

Y

Y
Y

(A) Defective-eye

Figure 16.100
By the eye lens, real, inverted and diminished image is formed

at retina.
The common defects of vision are as follows: o \
(a) Myopia or short sightedness: The distant objects are not o }

clearly visible in this defect. The image of a distant object

is formed before the retina.
The defect can be remedied by using a concave lens. (B) Defective-eye

Figure 16.101

lllustration 39: A nearsighted man can clearly see the objects up to a distance of 1.5 m. Calculate the power of the
lens of the spectacles necessary for the remedy of this defect. (JEE MAIN)

Sol: As the man has near sighted vision, he need to wear concave lens which can form virtual and erect images.

The power of magnification of lens is P = l



(b)

(c)

(d)

Physics | 16.49

The lens should form a virtual image of a distant object at 1.5 m from the lens. Thus, it should be a divergent

lens, and its focal length should be -1.5 m. Hence,

f=—15m = P= 117 o6

f 15

Hypermetropia or far sightedness: The near objects are not clearly visible in this defect. The image of a near
object is formed behind the retina.

(A) Deflected-eye (B) Corrected-eye

Figure 16.102
This defect is remedied by using a convex lens.

Presbyopia: In this defect, both near and far objects are not clearly visible. This is remedied either by using
two separate lenses or by using a single spectacle having bifocal lenses.

Astigmatism: In this defect, the eye cannot see objects in two orthogonal (perpendicular) directions clearly
simultaneously. This defect is remedied by using a cylindrical lens.

PLANCESS CONCEPTS

While testing your eye by reading a chart, if doctor finds it to 6/12, it implies that you can read a letter
from 6 m which the normal eye can read from 12 m. Thus, 6/6 is the normal eye sight.

Worth Knowing: The persistence of vision is % s, i.e. if the time interval between two consecutive light

rays is less than 0.1 s, the eye cannot distinguish them separately. Hence, the fps (frames per second) of
a video should be more than 10.

Anurag Saraf (JEE 2011 AIR 226)
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PROBLEM-SOLVING TACTICS

1. Of u, v and f, any two values will be known to us and we will be asked to find the third. In such type of
problems, two cases are possible.

Case 1: When signs of all the three will be known to us from the given information, substitute all the three with the
known sign; then, we can get only the numerical value of the unknown (i.e. the third quantity) without sign.

Case 2: When the sign of the third unknown quantity is not known to us, substitute only the known quantities with
sign. Then, the numerical value of the unknown with its respective sign can be obtained.

2. The experiments show that if the boundaries of the media are parallel, the emergent ray CD, although
laterally displaced, is parallel to the incident ray AB if p, =p.. We can also directly apply the Snell's law

(u sini =constant) in media 1 and 5, i.e. p sini; = g sinig py siniy = p, sini, = p, siniy = ... =y, sini,

@ '

Figure 16.103

Notice that an apparent depth is multiple of either p or 1/p. It can be find out by knowing whether the medium
through which light is entering is a denser or rarer medium.

3. Sometimes only a part of a prism will be given. To solve such problems, first complete the prism and then
solve the problems.

60° 70°

Figure 16.104
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FORMULAE SHEET

S. No | KEY CONCEPTS DESCRIPTIONS
1 Law of (i) The incident ray (AB), the reflected ray (BC) and normal (NN’') to the surface
reflection (SS) of reflection at the point of incidence (B) lie in the same plane. This plane is
called the plane of incidence (also the plane of reflection).
(ii) The angle of incidence (the angle between the normal and the incident ray)
and reflection angle (the angle between the reflected ray and the normal) are
equal.
Li=/r.
Figure 16.105
2 Object (a) Real: Point from which rays actually diverge.
(b) Virtual: Point toward which rays appear to converge.
3 Image The image is decided by the reflected or refracted rays only. The point image for
a mirror is that point
(i) Toward which the rays reflected from the mirror actually converge (real image),
OR
(i) From which the reflected rays appear to diverge (virtual image).
4 Characteristics (a) The size of the image is the same as that of the object.
of reflect|?n by (b) For a real object, the image is virtual, and for a virtual object, the image is real.
a plane mirror
(c) For a fixed incident light ray, if the mirror is rotated through an angle 6, the
reflected ray turns through an angle of 260.
5 Spherical
mirrors
A A
*
F
¢ / g C F P
B B
Concave Convex
Figure 16.106
6 Paraxial rays Rays that form very small angle with principal axis are called paraxial rays.
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S. No

KEY CONCEPTS

DESCRIPTIONS

7

Sign convention

We follow the Cartesian coordinate system convention according to which
(@) The pole of the mirror is the origin.

(b) The direction of the incident rays is a positive x-axis.

(c) Vertically up is positive y-axis.

Note: According to this, a convention radius of curvature and focus of concave
mirror are negative and of convex mirror are positive.

Mirror formula

f=x-coordinate of focus;

% _1 +E , Where v=x-coordinate of the image;
vV _u

u=x-coordinate of the object.

Note: Valid only for paraxial rays.

Transverse
maghnification

h, =Y -coordinate of the image

h, =y -coordinate of the object.

(both are perpendicular to the principle axis of the mirror)

10

Optical power

Optical power of a mirror (in dioptres) = —% , Where fis the focal length (in m) with
a respective sign.

REFRACTION - PLANE SURFACE

1 Laws of (i) The incident ray (AB), the normal (NN’) to the refracting surface (Il') at the point
refraction (at of incidence (B) and the refracted ray (BC) all lie in the same plane called the plane
any refracting of incidence or the plane of refraction.
surface) —

(i) ﬂ =Constant :| for any two given media and light of a given wavelength.
sinr
. . sini n, v; A
This is the Snell's law. | —=, n, =—==—=—+
sinr N v, A,
Note: The frequency of light does not change during refraction.

2 Deviation of N angle of
a ray due to N deviation
refraction N il s

-i-r
<&
5
r ..
"y

Figure 16.107
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S.No | KEY CONCEPTS | DESCRIPTIONS
3 Refraction (i) Emerged ray is parallel to the incident ray, if medium is same on both sides.
through a —
parallel slab (ii) Lateral shift |x =M
cosr
where t= thickness of the slab.
A
. :N
\'{;B Air
X, Glass(M)
t N
905
‘ ’>I\/< “a
D
Figure 16.108
Note: Emerged ray is not parallel to the incident ray if the media on both the sides
are different.
4 Apparent depth | At near normal incidence,
of a submerged
object b= M2 T /
el 11 i
I 4
A EYAs
S
h S
h R
a4
X /
/
//
¥ 0
Figure 16.109
Note: h and h' are always measured from the surface.
5 Critical angle (i) Ray travels from a denser to a rarer medium.

& total internal
reflection (TIR.)

(ii) The angle of incidence should be greater than the critical angle (i>c).

N N N
.. .1 N
Critical angle |C =sint — .
n; Rarer

I /<_ I
) C i>C
i
/ Denser

O
N’ N’ N’

Figure 16.110
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S.No | KEY CONCEPTS | DESCRIPTIONS

6 Refraction

through prism 1. 8=(0+i)—(r+r").

2. r+r'=A.
3. Variation in & versus (shown in diagram).

4. There is one and only one angle of incidence,
for which the angle of deviation is minimum.

When 8=38_ then i=i'&r=r", Figure 16.111
the ray passes symmetrically through the prism,
and then (where n=absolute Rl of glass),

. {A+8m} 3
sin
2 .
n A
sin| — £
2 i /
\ v
£ \\ -
OOE
1 1 1
min i=i' 90°

Figure 16.112

Note: When the prism is dipped in a medium, then (where n=RI of glass w.r.t.
medium).

5. For a thin prism, (A < 100) ;0=(n-1)A.

6. Dispersion of light: The angular splitting of a ray of white light into a
number of components when it is refracted in a medium other than air is called
dispersion of light.

7. Angle of dispersion: An angle between the rays of the extreme colors in the
refracted (dispersed) light is called angle of dispersion. 6 =5 -3, .

8. Dispersive power (o) of the medium of the material of prism.

((0)_ Angular dispersion
Derivation of mean ray (yellow)

For a small-angled prism, (A<10°)

. 3, — 0 _ nv—nR.n:nv+nR
B n-1" 2 |
y
where n_, ng and n are RI of the material Figure 16.113

for violet, red and yellow colors, respectively.
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S. No

KEY CONCEPTS

DESCRIPTIONS

9. Combination of two prisms:
(i) Achromatic combination: It is used for deviation without dispersion. Condition
for this is (nv —n)A = (n'v—n‘r)A'.

n, +n n' +n'
Net mean Deviation :{ v > R —1} A{ "2 R —1}A'.

Or w8+ ®'8'=0 where o,0' are dispersive powers for the two prisms and §,8'
are the mean deviations.

(ii) Direct vision combination: It is used to produce dispersion without deviation;

n, +n n'. +n'
condition for this is {"2 R—I}A:{ "2 R—1}A‘.

Net angle of dispersion (n, —n)A—(n',—n')A".

REFRACTION AT A SPERICAL SURFACE

1
(@ [H2_H_HMa"HMil- ;3R are kept with sign. As v = PI
v u R
u=-PO
R =PC My H
(Note radius is with sign). ot
0 P c 1 7vexX
) |m=HY
pou
Figure 16.114
2 Lens formula 1 1 1
@ |-——=-
v u f
1 M 1
1 1 1 u
(b) ?_(M_l)[R__R_j > +ve
1 ™ \&
(© |m="
u

Figure 16.115
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JEE Main/Boards

Example 1: A person sees the point A on the rim at the
bottom of a cylindrical vessel when the vessel is empty
through the telescope T. When the vessel is completely
filled with a liquid of refractive index 1.5, he observes
a mark at the center B, of the bottom, without moving
the telescope or the vessel. What is the height of the
vessel if the diameter of its cross section is 10 cm?

Sol: The vessel is filled with a liquid of refractive index
u when the ray from B reaches the telescope.

sousini=10xsinr, ()
where /r = Z/ADC, Zi= /BDC
2R

R
JR? +h? Jh% + (2R)?

where h is the height of the liquid, and R is the radius
of the vessel.

sini = ,sinr=

Substituting these values in Eq. (i),

2VR? +h?
= =T
h +(2R)’

R R
R+ e (2R

4—?

2
h=10 @5 -1 =1o\ﬁ =8.45cm.
4 — (1.5 7

Example 2: A parallel beam of light rays is incident on
a transparent sphere of radius R and a refractive index

(i -1)=(4-47) = h=2 F—l}

u in the direction of one of the diameters. At what
distance from the center of the sphere, will the rays be
focused? Assume that p < 2.

Sol: For refraction of light ray from surface of sphere,

the distance of image is obtained by M M M7y ;“2 .
v
The ray refracted at one surface becomes object for the

opposite surface.
For the first refraction surface:
n=1p,=pu=-0o,v=2r=+R

p ot p-l MR
V. —© R p-1
For refraction at the second surface:

I serves as an object for the second surface. Now,
K, = (since light travels from sphere to air) and

U, =1,

(It is positive because light travels from the left to the
right, and the distance is also in the same direction.)
v=7r=-R.
_R(2-n)

2(u-1)
This distance is positive and is referred from the second
surface.

1op(e-1) 1-p

v R(Z—u) -R

.. Distance of the focal point from the center

R(2-n) uR

2(u-1)

Example 3: A rectangular glass block of thickness
10 cm and refractive index 1.5 is placed over a small
coin. A beaker is filled with water of refractive index 4/3
to a height of 10 cm and is placed over the block.
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(i) Find the apparent position of the object when it is
viewed from normal incidence.

(i) Draw a neat ray diagram.

(iii) If the eye is slowly moved away from the normal, at
a certain position, the object is found to disappear due
to the TIR. At which surface, does this happen and why?

Sol: The image of coin formed at upper surface of block,
becomes object for beaker containing water. The image
L N T o o

thus formed at distance v is given by — R
v oor

For the first surface: n, =—, p; =1.5,

u=-10cm, R = oo, vy =7
4 4
315 3
% -10 ©

-15

=V, =——cm
1 9

I" serves as an object for the second surface. For the
second surface:

Note: This is an alternative to the apparent depth
relation.

u:—BI':—(BA+AI'):—[10+%]:—m
4
”1=§'”2=1'R=°°'V2=?
. 4 44
.__L=_3 = v, =14.2cm
v, _170 0
9

0.: critical angle for glass-water interface

.11 .
=sint— = 6 =sin——
B J/
B
— - Y. ~—
N o A
<
=sint L =sin*t § =62.7°
3 3 9
7X7
4 2

The critical angle for water-air interface

1l g3 gs0

QO
.|>

Obviously, therefore, TIR takes place earlier at the
water—air interface.

Example 4: How long will the light take in travelling a
distance of 500 m in water? Given that u for water is 4/3
and the velocity of light in vacuum is 3x10 cm/s. Also
calculate the equivalent path.

Sol: The velocity of lightin a mediumis givenas v = <
wo
The optical path travelled by lightis ¢ =uxd where d

is the distance travelled in water.

We know that

_ Velocity of light in vaccum
Velocity of light in water

4 3x10™

3 Velocity of light in water -

Velocity of light in water = 2.25 x 10"cm/s.

500x100

_ -6
225x1010 2220

Time taken =

Equivalent optical path

= u x distance travelled in water
4
= §x500 = 666.64m.

Example 5: In the figure shown, for an angle of
incidence { at the top surface, what is the minimum
refractive index needed for TIR at the vertical face?

.

Air

Sol: Total internal reflection of light occurs inside body
when the angle of incidence is greater than critical

angle 0. and according to Snell's law 6. = sin’? [lj
n
Applying the Snell’s law at the top surface,
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psinr=sini. . ()
For TIR, the vertical face

using, =1

Using geometry, 0. =90°-r
usin(@0-r)=1 = pcosr=1 .. (i)
On squaring and adding Egs (i) and (ii), we get

. wsin®r+p?cos’ r=1+sini

= p=v1+sini

Example 6: A point source of light is placed at the
bottom of a tank containing a liquid (refractive index =
w) up to a depth h. A bright circular spot is seen on the
surface of the liquid. Find the radius of this bright spot.

Sol: The light waves incident on the surface of the water
at an incident angle greater than critical angle will get
reflected in side water. This light waves forms cone in
the volume of the tank. Thus we get relation of critical

R
angle as tan6. = M

P/

Rays coming out of the source and incident at an angle
greater than 6_ will be reflected back into the liquid;
therefore, the corresponding region on the surface will
appear dark. As it is obvious from the figure, the radius
of the bright spot is given by

hsin® hsin®
R=htan0_ = < R=— >~
‘ cosO, 1ll—sin2 0.
Since sin@_ =l; . R= h

" N

Example 7: The cross section of the glass prism has the
form of an isosceles triangle. One of the equal faces is
coated with silver. A ray of light incident normally on
the other equal face and after getting reflected twice
emerges through the base of prism along the normal.
Find the angle of the prism.

Sol: The angles of prism add up to 180°.

From the figure, o =90° — A

i=90°—a; i=90°-a=A 0
Also, B =90 —2i=90° - 2A

and y=90°-B=2A

Thus, y=r=2A
From geometry,
A+y+y=180%  or A=%=36°.

Example 8: A lens has a power of +5 dioptre in air.
What will be its power if completely immersed in water?
4

Hy =%

. 3
Given ==
He =3 3

Sol: According to the lens maker’s formula the focal

Iength1/fi51= B 11
fln, R, R,

Let f, and f, be the focal lengths of the lens in air and
water, respectively, then,

1 H
P, :E and P, =ﬁ .
f, =0.2m=20cm.
Using the lens maker’s formula,
1 1 1
P=—=(p, -1 {———} (@
: fa ( g ) Rl RZ

E R D
fw l'lw R1 R2



- L{u}{ii} (i)
w fW K, R1 R2

Dividing Eq. (ii) by Eq. (i), we get,

_ (”9 _“W) 1
”W(“g _1) Hu

13} +5
- nonf3]E)- 0

Example 9: The distance between two point sources
of light is 24 cm. Find out where you would place a
converging lens of focal length 9 cm, so that the images
of both the sources are formed at the same point.

P, 1
P, -3

Sol: For lens the distance of the image formed from

the lens is given byl—lz% where u, v and f are
vV u

distance of object, distance of image and focal length
respectively.

For S, : 1.t 1
v, —x 9
111 0
o v, 9 x
For S,: i— 1 —l ... (i)
v, —(24-x) 9
1.1 1
v, 9 24-x
f=9 cm
gl 2
[ X Pi¢ 0% >

Since, the sign convention for S; and S, is just opposite.
Hence,

V] =V,
11
Vi AP

11 1 1

9 x 24-x 9
Solving this equation, we get x = 6 cm. Therefore, the
lens should be kept at a distance of 6 cm from either
of the object.
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Example 10: Two equiconvex lenses of focal lengths 30
c¢cm and 70 cm, made of material of refractive index =
1.5, are held in contact coaxially by a rubber band round
their edges. A liquid of refractive index 1.3 is introduced
in the space between the lenses filling it completely.
Find the position of the image of a luminous point
object placed on the axis of the combination lens at a
distance of 90 cm from it.

Sol: This system is combination of three lenses. Two
lenses of glass one lens of liquid. Add the powers to
get total power.

Ry|=R,|=f, =30cm (Asp =15).
Similarly, |R3| = |R4| =f, =70cm.

The focal length of the liquid lens (in air),

a3

1 1 1
039 555) <% 1(2]3]a
(b) m=>
u
- (5.0-4.0) o,
(-49)
(5.0-1.0)
and m, = =-4.00
(-1.0)

Hence, both the images are real and inverted, the first
is magnification -0.25, and the second is —4.00.

JEE Advanced/Boards

Example 1: A 4-cm-thick layer of water covers a 6-cm-
thick glass slab. A coin is placed at the bottom of the
slab and is being observed from the air side along the
normal to the surface. Find the apparent position of the
coin from the surface.

4cm1 h;
6ch h,

Sol: As the thick layer of water is placed over the
glass slab. The coin placed beneath the glass slab will

Air

Water

Glass

Coin
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appear to shift upwards due to both glass and water by
distance s. This apparent shift is thus given by

S=s, +5, =(1—Lthl+(l—inh2
My K

The total apparent shift is

s=h, 1—i +h, 1—i
My M

s=4(1—LJ+6(1—LJ= 3 cm.
4/3 3/2

Thus,
=7.0cm.

Example 2: An achromatic lens of focal length 100 cm
is made up of crown and flint glass lenses. Find the
focal length of each lens. Given that for crown glass
w, =15245,  =15155 and for flint glass p, =1.659
and p, =1.641.

Sol: The focal length of the combination of lens is given

oylol,1
F £ f

If u and p' are mean refractive indices for crown and

flint glasses, respectively, then,

By hp 15245415155

2 2
W, +H, 1659+1.641

= =1.65.
2 2

The dispersive powers » and ®'for crown and flint
glass, respectively, are

oMy oK 15245-15155 0009 _ 9
u-1 152-1 052 520

oo M M 1659-1641 0018 9
W-1  165-1 0.65 325

To have an achromatic combination,

focal length for crownglass _ f = o
focal length for flint glass ~ f ®
9 325 5 1 5 .
= X——=—— —=-— ()
520 9 8 f 8f

As the focal length of the combination is 100 cm,
1 11 15 3 1

FT T R T a 100

f:§x100:37.5cm.

f'=__8xf=_—8xE=—6Ocm.
5 572

The achromatic doublet requires a convex lens of focal
length 37.5 cm made of crown glass and a concave lens
of focal length 60 cm made of flint glass.

Example 3: A 20-cm-thick slab of glass of refractive
index 1.5 is placed in front of a plane mirror and a pin
is placed in front of it in the air at a distance of 40 cm
from the mirror. Find the position of the image.

Sol: The slab of thickness t forms the image of the
object O at the point O".

The slab shifts the image of object by (t—t/u). O’
serves as an object for the plane mirror.

Object distance for the mirror is MO.

:40_§=@cm
3 3
Since in a plane mirror, object distance =

distance.

image

M =MO =19,
3
Now, I serves as an object for the slab again.

I is shiftedto I by 20—£=£cm
15 3

.. Distance of the final image (I) from the mirror

100 20 80
= =—cm

3 3 3



Example 4: The convex surface of a thin concavo-
convex lens of glass of refractive index 1.5 has a radius
of curvature 20 cm. The concave surface has a radius
of curvature of 60 cm. The convex side is coated with
silver and placed at a horizontal surface as shown in
the figure.

[ ———

(@) Where a pin should be placed on the optical axis
such that its image is formed at the same place?

(b) If the concave part is filled with water of refractive
index 4/3, find the distance through which the pin
should be moved, so that the image of the pin again
coincides with pin.

Sol: When the convex side of the concavo—convex lens
is coated with silver, the combination becomes a mirror.
This combination consist two lenses and one mirror
placed close to each other. The powers of all the three
will be added. When the water is filled on concave side,
we get plano-convex water lens whose focal length
is found by lens makers formula. This combination
consists of four lenses (two lenses of glass and two
lenses of water) and one mirror.

(@) The refraction takes place from the first surface,
reflection from the lower surface and finally refraction
from the first surface of focal lengths fy fn and £,
respectively. The combined focal length F is given by

1 1 1 1 2 1

T e el . (1)

Ffof, 6 £ f

fm=R2/2=20/2=10cm..

The value of fg can be obtained by using the formula

Substituting these values in Eq. (i),
1 2 1 2

= 4= ==
F 60 10 15

F :£:7.5cm.
2
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For the image to be informed at the same point as the
object

u=2F=2x75=15cm.

The object should be placed at a distance of 15 cm
from the lens on the optical axis.

(b) If £, is the focal length of lens in water, the focal
length F' of this combination is given by

w g m g w
l_£+£+i . (i)
Foof, fg f

fg=60cm, f =10cm.

The value of f, is calculated by using the relation,

fw =180 cm.

Substituting these values in Eq. (ii), we get

1 2 2 1 90
=t —+—; F==
F 180 60 10 13
u':2F=2X90=@cm
13 13

Displacement of the pin
—u-u=15-89_15 194 em

13 13

Example 5: The radius of curvature of the convex face
of plano-convex lens is 12 cm, and its p=1.5.

(a) Find the focal length of the lens.
The plane surface of the lens is coated with silver.

(b) At what distance from the lens, will the parallel rays
incident on the convex surface converge?

(c) Sketch the ray diagram to locate the image, when a
point object is placed on the axis at a distance of 20 cm
from the lens.

(d) Calculate the image distance when the object is
placed as in (c).

Sol: Use the lens maker’s formula to find the focal
length of the plane-convex lens. When the plane side of
the lens is coated with silver, the combination becomes
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a mirror. This combination consist two lenses and one
mirror placed close to each other. The powers of all the
three will be added.

(@) The focal length f of lens of refractive index p is
given by the formula.

ot

In case of plano-convex lens,
R, =, R, =-12cm, p=15

% =(15- 1)(%}

f=24cm.

(b) The focal length, fm’ of plane-silvered surface is
infinity. The focal length F of the plano-convex lens,
when the plane surface is coated with silver is given by

+ +

- N

8|+

1
+==
f

—th

M=
N| =+ 3
N

- |

= —4 =12cm.

2

Such a lens behaves like a concave mirror of focal
length 12 cm. The parallel rays converge at a distance

of 12 cm from the silvered surface.

F:

ya

— 12cm —¥

(c) The figure shows the ray diagram of the image
formed by this lens when the object is placed at a
distance of 20 cm from the lens. The light is incident
from the right to the left.

(d) For a lens,

1
=

+

< |
[

For F=12cm, u=+20cm and v="?

1 1 1 1

v 12 20 30
v =30cm.

A real image is formed.

Example 6: An object O is placed at a distance of 15
c¢cm from a convex lens A of focal length 10 cm and its
image I, is formed on a screen on the other side of the
lens. A concave lens B is now placed midway between A
and [, then the screen is moved back 10 cm to receive
a clear image |,.

Find (a) The focal length of the concave lens and
(b) Linear magnification of the final image.
Sol: The convex lens forms the image of the object at

point |.. This image acts as the object for concave lens
and the final image is formed at I.".

For refraction through convex lens,

=0OP=-15cm.

u, =

f=+10cm,v, =PI, .

Using i_l:l
v u f
A B

15cm 15cm 15 cm 10 cm
1 1 1 1 1 3-2 1
\2] f u 10 -15 30 30

=v; =30cm.

I, serves as a virtual object for lens B. For refraction
through lens B,

u, =Ql; =PI, -15=30-15=+15cm,
v, =15+10 = +25cm.



The negative sign implies it is a concave lens.

. .. . Vl V2
Linear magnification = —=x—=
Uy U
_30 E=—E=—3.33
15 3 3

The negative sign shows that the final image is
inverted.

Example 7: A parallel beam of light travelling in water
(p =4/ 3) is refracted by a spherical air bubble of
radius 2 mm placed in water. Assume that the light rays
to be paraxial.

(a) Find the position of the image due to refraction at
the first surface and the position of the final image.

(b) Draw a ray diagram showing the positions of both
images.

Sol: The image of the object formed by the first
refraction by the water-glass surface acts as the object
for the second refraction at glass-water surface.

(@) For the refraction from a single spherical surface,
we have

Bty (o)
v ou R '

Let P, be pole at the first surface and P, to be pole at

the second surface. At P

n =(4/3); uy=1 R=+02cm, u =0.

% 1 (4/3) :1—(4/3).
+0.2

Vi o]

v, =-0.6cm.

The first surface will form a virtual image 1; ata distance
0.6 cm to the left of P, as shown in the figure.

This image acts as an object for the second surface. So
for the second surface at P,,

wo=1 n,=(4/3), R=-02cm
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and p, =—(0.6+0.4)=-1.0cm

(4/3)_ 1 (4/3)-1
v, (—1) 02
v, = -0.5cm

The final image L, is formed at a distance of 0.5 cm to
the left of the second surface P,. The final image is at
a distance of 0.5-0.4 =0.1cm to the left of the first
surface as shown in figure.

(b) The ray diagram is already shown in the figure drawn.

Example 8: An object is placed at a distance of 12 cm
to the left of a diverging lens of focal length -6.0 cm. A
converging lens with a focal length of 12.0 cm is placed
at a distance d to the right of the diverging lens. Find the
distance d that corresponds to a final image at infinity.

f=6.0cm f=12cm

I e 1
€ 1 P

12 cm D

Sol: The concave lens forms the image of the object at
point say I.. This image acts as the object for convex
lens and the final image is formed at say |.".

Applying lens formula 111 twice, we have
v u
1 1 1 .
= = = .. (1)
v, —-12 -6
A N e
o v;-d 12

Solving Egs (i) and (ii), we have
v, =—4cm.

And d=8cm.

Example 9: A solid glass sphere with a radius R and
a refractive index of 1.5 is coated with silver over a
hemisphere. A small object is located on the axis of the
sphere at a distance 2R to the left of the vertex of the
un-silvered hemisphere. Find the position of the final
image after all refractions and reflections have taken
place.
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Sol: The image formed by first refraction at air-glass
spherical surface acts as the object for the concave
mirror. The image formed by the mirror acts as the
object for spherical glass-air spherical surface.

The ray of light first gets refracted, then reflected and
then again refracted. For the first refraction and then
reflection, the ray of light travels from the left to the
right, while for the last refraction it travels from the
right to the left. Hence, the sign convention will change
accordingly.

@)
R
) 2R g
First refraction: Using L BN =% with proper
v o u

sign conventions, we have

15 10 15-10

v, -2R 4R

Second reflection: Using 1+l:l:£ with proper
v u f R
sign conventions, we have
1 1 2 . R
e
v, R 2
Third refraction: Again using L S HZR;Ml
v u

with reversed sign convention, we have

10 15 10-15
v; -L5R R

= v;=-2R;

i.e. final image is formed on the vertex of the silvered
face.

Exercise 1

Q.1 A ray of light incident on an equilateral glass prism
shows a minimum deviation of 30°. Calculate the speed
of light through the glass prism.

Q.2 Where an object should be placed from a
converging lens of focal length 20 cm so as to obtain a
real image of magnification 2?

Q.3 What changes in the focal length of (i) a concave
mirror and (ii) a convex lens occur, when the incident
violet light on them is replaced with red light?

Q.4 State the conditions for TIR of light to take place.
Calculate the speed of light in a medium, whose critical
angle is 45°.

Q.5 An object is placed at the focus of concave lens.
Where will its image be formed?

Q.6 Draw a graph to show the variation of the angle of
deviation ‘D" with that of the angle of incidence 'I' for
a monochromatic ray of light passing through a glass
prism refracting angle ‘A". Hence, deduce the relation.

Q.7 Draw a ray diagram of an astronomical telescope
in the normal adjustment position. Write down the
expression for its magnifying power.



Q.8 A spherical surface of radius of curvature R separates
a rarer and a denser medium. Complete the path of the
incident ray of light, showing the formation of the real
image. Hence, derive the relation connecting an object
distance ‘u’, image distance 'V, radius of curvature R
and the refractive indices n, and n, of the two media.
Briefly explain how the focal length of a convex lens
changes, with an increase in wavelength of incident
light.

Q.9 (a) Draw a labelled ray diagram to show the
formation of the image by a compound microscope.
Write the expression for its magnifying power.

(b) How does the resolving power of a compound
microscope change and when?

(i) Refractive index of the medium between the object
and the objective lens increases and

(i) Wavelength of the radiation used is increased.

Q.10 Draw a labeled ray diagram to show the image
formation | of a refractive-type astronomical telescope.
Why should the diameter of the objective of a telescope
be large?

Q.11 A beam of light converges to a point P. A lens
is placed in the path of the convergent beam at a
distance of 12 cm from P. At what point, does the beam
converge if the lens is

(i) A convex lens of focal length 20 cm.
(i) A concave lens of focal length 16cm?

Do the required calculations.

Q.12 A double convex lens of glass of refractive index
1.6 has its both surfaces of equal radii of curvature of
30 cm each. An object of height 5 cm is placed at a
distance of 12.5 cm from the lens. Calculate the size of
the image found.

Q.13 Why does the bluish color predominate in a clear
sky?

Q.14 How does the angle of minimum deviation of
a glass prism of a refractive index 1.5 change, if it is
immersed in a liquid of refractive index 1.3?

Q.15 Draw a labeled ray diagram, showing the image
formation of an astronomical telescope in the normal
adjustment position. Write the expression for its
magnifying power.
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1 1 1
—==_2= for a concave
v u

lens, using the necessary ray diagram.

Q.16 Derive the lens formula,

Two lenses of power 10 D and -5 D are placed in
contact.

(i) Calculate the power of the new lens.

(i) Where should an object be held from the lens so as
to obtain a virtual image of magnification 2?

Q.17 Two thin lenses of power +6 D and -2 D are in
contact. What is the focal length of the combination?

Q.18 Define the refractive index of a transparent
medium. A ray of light passes through a triangular
prism. Plot a graph showing the variation of the angle
of deviation with an angle of incidence.

Q.19 (a) (i) Draw a labeled ray diagram to show the
formation of image in an astronomical telescope for a
distant object.

(i) Write three distinct advantages of a reflecting-type
telescope over a refracting-type telescope.

(b) A convex lens of focal length 10 cm is placed
coaxially 5 cm away from a concave lens of focal length
10 cm. If an object is placed 30 cm in front of the convex
lens, find the position of the final image formed by the
combined system.

Q.20 A converging lens is kept coaxially in contact with
a diverging lens — both the lenses being of equal focal
lengths. What is the focal length of the combination?

Q.21 (a) (i) Draw a neat labeled ray diagram of an
astronomical telescope in the normal adjustment.
Explain briefly its working.

(i) An astronomical telescope uses two lenses of power
10 D and 1 D. What is its magnifying power in the
normal adjustment?

(b) (i) Draw a neat labeled ray diagram of a compound
microscope. Explain briefly its working.

(i) Why must both the objective and the eyepiece of a
compound microscope have short focal lengths?

Q.22 Draw a labeled ray diagram of a reflecting
telescope. Mention its two advantages over the
refracting telescope.
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Q.23 (i) An object is placed between two plane mirrors
inclined at 60° to each other. How many images do
you expect to see?

(i) An object is placed between two plane parallel
mirrors. Why do the distant images get fainter and
fainter?

Q.24 The magnifying power of a compound microscope
is 20. The focal length of its eye piece is 3 cm. Calculate
the magnification produced by the objective lens.

Q.25 An astronomical telescope having a magnifying
power of 8 consists of two thin lenses 45 cm apart. Find
the focal length of the lenses.

Exercise 2

Single Correct Choice Type

Q.1 Two plane mirrors are inclined at 70° . A ray incident
on one mirror at an angle of 6 after reflection falls on
the second mirror and is reflected from there parallel to
the first mirror, 8 is:

(A) 50°
(©) 30°

(B) 45°
(D) 55°

Q.2 There are two plane mirror with reflecting surfaces
facing each other. Both the mirrors are moving with
the speed of v away from each other. A point object is
placed between the mirrors. The velocity of the image
formed due to the n*" reflection will be

(A) nv (B) 2nv
(Q) 3nv (D) 4nv

Q.3 A man of height 'h" is walking away from a street
lamp with a constant speed ‘v . The height of the street
lamp is 3h. The rate at which the length of the man'’s
shadow is increasing when he is at a distance of 10h
from the base of the street lamp is:

(A) v/2 (B) v/3
Q) 2v (D) v/6

Q.4 A boy of height 1.5 m with his eye level at 1.4 m
stands before a plane mirror of length 0.75 m fixed on
the wall. The height of the lower edge of the mirror
above the floor is 0.8 m. Then,

(A) The boy will see his full image.
(B) The boy cannot see his hair.

(C) The boy cannot see his feet.

(D) The boy cannot see neither his hair nor his feet.

Q.5 A point source of light S is placed in front of
two large mirrors as shown. Which of the following
observers will see only one image of S?

(A) Only A
(C) Both A and C

(B) Only C
(B) Both B and C

Q.6 In the figure shown if the object ‘O" moves toward
the plane mirror, then the image | (which is formed after
successive reflections from M, & M,, respectively) will

move:
(A) Toward right fy E
(B) Toward left

(C) With zero velocity %})\ E

(D) Cannot be determined M, M
Q.7 A point source of light is 60 cm away from a screen
and is kept at the focus of a concave mirror that reflects
light on the screen. The focal length of the mirror is 20
cm. The ratio of average intensities of the illumination

on the screen when the mirror is present and when the
mirror is removed is:

(A) 36:1
(C) 49:1

Y

Qe

1

(B) 37:1
(D) 10:1

Q.8 A concave mirror is placed on a horizontal table,
with its axis directed vertically upward. Let O be the
pole of the mirror and C its center of curvature. A point
object is placed at C. It has a real image, also located at
C (a condition called auto-collimation). If the mirror is
now filled with water, the image will be:

(A) Real and will remain at C

(B) Real and located at a point between C and «
(C) Virtual and located at a point between C and O
(D) Real and located at a point between C and O

Q.9 In the diagram shown below, a point source O is
placed vertically below the center of a circular plane



mirror. The light rays starting from the source are
reflected from the mirror such that a circular area A on
the ground receives light. Now, a glass slab is placed
between the mirror and the source O. What will be the
magnitude of the new area on the ground receiving
light?

Circular plane mirror
I

Circular plane mirror

o
0

(@] J

Circular plane mirror
(A)A
(B) Greater than A
(C) Less than A

(D) Cannot say, as the information given is insufficient

Q.10 In the figure ABC is the cross section of a right-
angled prism, and BCDE is the cross section of a glass
slab. The value of 0, so that light incident normally
on the face AB does not cross the face BC, is (given
sin*(3/5)=37°)

NN
o o)
A c| <
A C D
(A) 0<37° (B) 0 >37°
(C) 0<53° (D) 0 <53°

Q.11 A small source of light is 4 m below the surface
of a liquid of refractive index 5/3. In order to cut off
all the light coming out of liquid surface, the minimum
diameter of the disc placed on the surface of liquid is:

(A) 3m (B) 4m (C) 6m (D) «

Q.12 A point source of light is placed at a distance h
below the surface of a large deep lake. What is the
percentage of light energy that escapes directly from
the water surface? p of the water=4/3? (Neglect partial
reflection)

(A) 50% (B) 25% (C) 20% (D) 17%
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Q.13 When the object is at distances u; and u,, the
images formed by the same lens are real and virtual,
respectively, and of same size. Then, the focal length of
the lens is:

1
(A) 51/u1u2

Q) yuu,

1
(B) E(u1 +u2)

(D) 2(u, +uy)

Q.14 Parallel beam of light is incident on a system of
two convex lenses of focal lengths f, = 20 cm and f, =
10 cm. What should be the distance between the two
lenses so that rays after refraction from both lenses get
un-deviated?

=V

f,

(A)60cm (B)30cm ()90 cm (D)40cm

Q.15 An object is placed at a distance of 15 cm from a
convex lens of a focal length 10 cm. On the other side
of the lens, a convex mirror is placed at its focus such
that the image formed by the combination coincides
with the object itself. The focal length of the convex
mirror is

(A)20cm  (B)10cm () 15cm (D)30cm

Q.16 Look at the ray diagram shown, what will be the
focal length of the 1st and the 2nd lens, if the incident
light ray is parallel to emergent ray.

2nd

:l Emergent
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(A) =5cm and =10cm (B) +5cm and +10cm

(C) -5cm and +5cm (D) +5cm and +5cm

Q.17 A point object is kept at the first focus of a convex
lens. If the lens starts moving toward right with a
constant velocity, the image will

(A) Always move toward right
(B) Always move toward left
(C) First move toward right and then toward left.

(D) First move toward left and then toward right.

Object

F

Q.18 Aray incident at an angle 53° on a prism emerges
at an angle of 37° as shown. If the angle of incidence
is 50°, which of the following is a possible value of the
angle of emergence

53°

(A) 35° (B) 42° (C) 40° (D) 38°

Q.19 A prism has a refractive index \E and a refracting

angle 90°. Find the minimum deviation produced by
the prism.

(A) 40° (B) 45° (C) 30° (D) 49°

Q.20 A certain prism is found to produce a minimum
deviation of 38°. It produces a deviation of 44° when
the angle of incidence is either 42° or 62°. What is the
angle of incidence when it is undergoing a minimum
deviation?

(A) 45° (B) 49° (C) 40° (D) 55°

Q.21 A thin prism of angle 5° is placed at a distance
of 10 cm from the object. What is the distance of the
image from the object? (Given p of prism = 1.5)

T T
(A) gcm (B) Ecm

5n T
C) —cm D) —cm
()36 ()7

Q.22 Light ray is incident on a prism of angle A=60°
and refractive index p = V2. The angle of incidence at
which the emergent ray grazes the surface is given by

(A) sint [@J (B) sint [#]
R NE] —
(©) sin {;j (D) sin [%}

Previous Years' Questions

Q.1 A student measures the focal length of convex lens
by putting an object pin at a distance ‘v’ from the lens
and measuring the distance ‘v’ of the image pin. The
graph between ‘v’ and v’ plotted by the student should

look like (2002)
v (cm) v (cm)
(A) (B)
ol u (cm) ol u (cm)
v (cm) v (cm)
ol u (cm) Ol u (cm)

Q.2 An experiment is performed to find the refractive
index of glass using a travelling microscope. In this
experiment, distances are measured by (2003)

(A) A vernier scale provided on the microscope
(B) A standard laboratory scale
(C) A meter scale provided on the microscope

(D) A screw gauge provided on the microscope

Q.3 Two transparent media of refractive indices
u,and p; have a solid lens shaped transparent
material of refractive index u, between them as shown
in the figures in Column II. A ray traversing these media
is also shown in the figures. In Column |, the different



relationships between p,,u,andp; are given. Match
them to the ray diagram shown in Column Il. ~ (2007)

Column | Column Il
(A) by <p, (P) \\< _
Ly My
M3
(B) my > 1y (@
s M

@ my=p, |0

Hs H i t

v

Q.4 A ray OP of monochromatic light is incident on
the face AB of prism ABCD near vertex B at an incident
angle of 60° (see figure) If the refractive index of the

(D) ()

material of the prism is«/g, which of the following is
(are) correct? (2009)
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(A) The ray gets totally internally reflected at face CD.
(B) The ray comes out through face AD.

(C) The angle between the incident ray and the
emergent ray is 90°.

(D) The angle between the incident ray and the
emergent ray is 120°.

Q.5 The focal length of a thin biconvex lens is 20cm.
When an object is moved from a distance of 25 cm
in front of it to 50 cm, the magnification of its image

oMy
changes fromm, to m, . The ratio —2> is
m
50

(2005)

Q.6 An object at distance 2.4 m in front of a lens forms
a sharp image on a film at distance 12 ¢cm behind the
lens. A 1-cm-thick glass plate of refractive index 1.50 is
interposed between lens and film with its plane faces
parallel to film. At what distance (from lens), should the
object be shifted to be in sharp focus on film? (2009)

(A)72m  (B)24m (©32m (D)5.6m

Q.7 A spectrometer gives the following reading when
used to measure the angle of prism.

Main scale reading: 58.5°
Vernier scale reading: 09 divisions

Given that 1 division on the main scale corresponds
to 0.5°. Total divisions on the vernier scale are 30 and
match with 29 divisions of the main scale. The angle of

the prism from the above data (2011)
(A) 58.59° (B) 58.77°
(C) 58.65° (D) 59°

Q.8 An initially parallel cylindrical beam travels in a
medium of refractive indexp(I) = py +u,I, where u,
and p, are positive constants, and | is the intensity of
the light beam. The intensity of the beam is decreasing
with an increasing radius.

As the beam enters the medium, it will (2013)
(A) Diverge

(B) Converge

(C) Diverge near the axis and converge near the
periphery

(D) Travel as a cylindrical beam 4

Q.9 The initial shape of the wave in front of the beam is
(2000)

(A) Convex
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(B) Concave
(C) Convex near the axis and concave near the periphery

(D) Planar

Q.10 An object 2.4 m in front of a lens forms a sharp
image on a film 12 cm behind the lens. A glass plate
1cm thick, of refractive index 1.50 is interposed between
lens and film with its plane faces parallel to film. At
what distance (from lens) should object be shifted to
be in sharp focus on film? (2012)

(A)72m  (B)24m (€ 32m (D) 5.6 m

Q.11 The graph between angle of deviation (3)
and angle of incidence (i) for a triangular prism is

represented by: (2013)
n ° (B) ;
A U
o—— o———
N N
© ; \/ (D) ;
o—— o———

Q.12 Diameter of plano-convex lens is 6 cm and
thickness at the centre is 3 mm. If speed of light in
material of lens is 2x10% m/s, the focal length of the
lens is: (2013)

(A)20cm  (B)30cm (C)10cm (D) 15cm

Q.13 A thin convex lens made from crown glass (H = %]
has focal length f. When it is measured in two different
liquids having refractive indices % and % it has the

focal lengths f; and f, respectively. The correct relation
between the focal lengths is: (2014)

(A) f, >f and f, becomes negative

(B) f, and f, both become negative

O f, =1, <f

(D) f, >f and f, becomes negative

Q.14 A green light is incident from the water to the

air — water interface at the critical angle (6) Select the
correct statement (2014)

(A) The spectrum of visible light whose frequency is
more than that of green light will come out to the air
medium.

(B) The entire spectrum of visible light will come out of
the water at various angles to the normal.

(C) The entire spectrum of visible light will come out of
the water at an angle of 90° to the normal.

(D) The spectrum of visible light whose frequency is
less than that of green light will come out to the air
medium.

Q.15 Monochromatic light is incident on a glass prism
of angle A. If the refractive index of the material of the
prismis p, a ray, incident at an angle 6, on the face AB
would get transmitted through the face AC of the prism
provided: (2015)

ol
ool ]
[

ool

Q.16 Assuming human pupil to have a radius of 0.25
c¢cm and a comfortable viewing distance of 25 ¢cm, the
minimum separation between two objects that human

eye can resolve at 500 nm wavelength is: (2015)
(A) 30 pm (B) 100 pm
(©) 300 um (D) 1 um

Q.17 In an experiment for determination of refractive
index of glass of a prism by i—§, plot, it was found that
a ray incident at angle 35°, suffers a deviation of 40°
and that it emerges at angle 79°. In that case which of
the following is closest to the maximum possible value
of the refractive index ? (2016)

(A) 1.6 (B) 1.7 1.8 (D) 1.5
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Exercise 1

Q.1 Two flat mirrors have their reflecting surfaces
facing each other, with an edge of one mirror in contact
with an edge of the other so that the angle between
the mirrors is 60°. Find all the angular positions of
the image with respect to x-axis. Take the case when
a point object is between the mirrors at (1, 1). Point of
intersections is (0, 0) and 1st mirror is along the x-axis.

Q.2 In the figure shown, AB is a plane mirror of length
40 cm placed at a height 40 cm from ground. There
is a light source S at a point on the ground. Find the
minimum and maximum height of a man (eye height)
required to see the image of the source if he is standing
at a point P on the ground as shown in the Fig.

£ A
|9)
o
=
B
£
|9)
= S P
20cm 40 cm

Q.3 A plane mirror of circular shape with radius r=20
cm is fixed to the ceiling. A bulb is placed on the axis of
the mirror. A circular area of radius R=1 on the floor is
illuminated after the reflection of light from the mirror.
The height of the room is 3 m. What is the maximum
distance from the center of the mirror and the bulb so
that the required area is illuminated?

Q.4 A concave mirror of focal length 20 cm is cut into
two parts from the middle, and the two parts are moved
perpendicularly by a distance 1 cm from the previous
principal axis AB. Find the distance between the images
formed by the two parts?

Q.5 A balloon is rising up along the axis of a concave
mirror of radius of curvature 20 m. A ball is dropped
from the balloon at a height 15 m from the mirror when
the balloon has velocity 20 m/s. Find the speed of the
image of the ball formed by a concave mirror after 4 s?
[Take: g =10 m/s?]

Q.6 An observer whose least distance of distinct vision
is 'd" views his own face in a convex mirror of radius
or curvature 'r'. Prove that the magnification produced
r

d+vd? +r? .

Q.7 A surveyor on one bank of canal observes the
images of the 4-inch mark and 17-ft mark on a vertical
staff, which is partially immersed in the water and held
against the bank directly opposite to him. He see that
the reflected and refracted rays come from the same
point which is the center of the canal. If the 17-ft mark
and the surveyor’s eye are both 6 ft above the water
level, estimate the width of the canal, assuming that the
refractive index of the water is 4/3. Zero mark is at the
bottom of the canal.

cannot exceed

Q.8 A ray of light travelling in air is incident at a grazing
angle (incident angle = 90°) on a long rectangular slab
of a transparent medium of thickness t-1.0 (see figure).
The point of incidence is the origin A (0, 0). The medium
has a variable index of refraction n(y) given by

n(y)=[ky*? + 1}1/2, where k=1.0m=/?,

the refractive index of air is 1.0

ya
Air ngll Y1)
£
— K
T “B(x.y)
...... Medium> x
(0, 0) Air

(i) Obtain a relation between the slope (dy/dx) of the
trajectory of the ray at a point B (x, y) in the medium
and the incident angle at that point.

(ii) Find the value of n sin i.

(iii) Obtain an equation for the trajectory y(x) of the ray
in the medium.
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(iv) Determine the coordinate (x,y, ) of point P, where
the ray intersects the upper surface of the slab-air
boundary.

(v) Indicate the path of the ray subsequently.

Q.9 A uniform, horizontal beam of light is incident
upon a quarter cylinder of radius R = 5 cm and has
a refractive index 2/+/3. A patch on the table at a
distance 'x’ from the cylinder is unilluminated. Find the
value of 'x'?

Vi

Q.10 An opaque cylindrical tank with an open top has
diameter of 3.00 m and is fully filled with water. When
the sunlight reaches at an angle of 37° above the
horizon, sunlight ceases to illuminate any part of the
bottom of the tank. How deep the tank is?

Q.11 A beam of parallel rays of width b propagates in
a glass at an angle 6 to its plane face. The beam width
after it enters into air through this face is if the
refractive index of glass is p.

6§ yﬁ Glass

Air

Q.12 A parallel beam of light falls normally on the first
face of a prism of a small angle. At the second face, it is
partly transmitted and partly reflected, and the reflected
beam strikes at the first face again and emerges from
it in a direction by making an angle 6°30' with the
reversed direction of the incident beam. The refracted
beam has undergone a deviation of 1°15"' from the
original direction. Find the refractive index of the glass
and the angle of the prism.

Q.13 A light ray | is incident on a plane mirror M. The
mirror is rotated in the direction as shown in the figure
by an arrow at a frequency 9/ nrev/sec. The light
reflected by the mirror is received on the wall W at a
distance 10 m from the axis of rotation. When the angle
of incidence becomes 37°, find the speed of the spot (a
point) on the wall?

10 m

0]

> W

Q.14 The diagram shows five isosceles right-angled
prisms. A light ray incident at 90° at the first face
emerges at the same angle with the normal from
the last face. Find the relation between the refractive
indices?

Q.15 Two rays travelling parallel to the principal axis

u
M1 ’ M3 Ha Mg

strike a large plano-convex lens of a refractive index
of 1.60. If the convex face is spherical, a ray near
the edge does not pass through the focal point
(spherical aberration occurs). If this face has a radius
of curvature of 20.0 cm and the two rays are at
h, =0.50 cm and h, =12.0 cm from the principal axis,
then find the difference in the positions where they
cross the principal axis.

PR

S
rd

C'X 7/ —HAXK—

Q.16 A room contains air in which the speed of sound
is 340m/s. The walls of the room are made of concrete,
in which the speed of sound is 1700m/s. (a) Find the
critical angle for the TIR of sound at the concrete-air
boundary. (b) In which medium must the sound be
undergone the TIR?

Q.17 A rod made of glass (u=1.5) and of square cross
section is bent as shown in the figure. A parallel beam
of light falls perpendicularly on the plane flat surface A.
Referring to the diagram, d is the width of a side, and
R is the radius of inner semicircle. Find the maximum

value of ratio % so that all the light rays entering the

glass through surface A emerge from the glass through
surface B.
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Q.18 A prism of refractive index J2 has a refracting
angle of 30°. One of the refracting surfaces of the
prism is polished. For the beam of monochromatic light
to retrace its path, find the angle of incidence on the
refracting surface.

Q.19 An equilateral prism deviates a ray by 23° for
two angles of incidence differing by 23°. Find p of the
prism?

Q.20 A ray is incident on a glass sphere as shown
in the figure The opposite surface of the sphere is
partially coated with silver. If the net deviation of the
ray transmitted at the partially silvered surface is 1/3rd
of the net deviation suffered by the ray reflected at the
partially silvered surface (after emerging out of the
sphere), find the refractive index of the sphere.

Partially
silvered

Q.21 Two thin similar watch glass pieces are joined
together front to front, with rear convex portion is
coated with silver, and the combination of glass pieces
is placed at a distance a =60 cm from a screen. A
small object is placed normal to the optical axis of the
combination such that its two times magnified image
is formed on the screen. If air between the glass pieces
is replaced by water (u=4/3), calculate the distance
through which the object must be displaced so that a
sharp image is again formed on the screen.

Q.22 A spherical light bulb with a diameter of 3.0 cm
radiates light equally in all directions, with a power of
4.51 W. (a) Find the light intensity at the surface of the
bulb. (b) Find the light intensity 7.50 m from the center
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of the bulb. (c) At this 7.50-m distance, a convex lens is
set up with its axis pointing toward the bulb. The lens
has a circular face with a diameter of 15.0 cm and a
focal length of 30.0 cm. Find the diameter of the image
of the bulb formed on a screen kept at the location of
the image. (d) Find the light intensity at the image.

Q.23 A thin plano-convex lens fits exactly into a plano-
concave lens with their plane surface parallel to each
other as shown in the figure. The radius of curvature
of the curved surface R = 30 cm. The lenses are
made of different material having a refractive index
u, =3/2andp, =5/4 as shown in the Fig.

1,=5/4

n=3/21 f
YA

(i) If plane surface of the plano-convex lens is coated
with silver, then calculate the equivalent focal length
of this system and also the nature of this equivalent
mirror.

(i) An object having a transverse length of 5 cm in
placed on the axis of equivalent mirror (in par 1) at
a distance 15 cm from the equivalent mirror along
the principal axis. Find the transverse magnification
produced by the equivalent mirror.

Q.24 Two identical convex lenses L, and L, are placed
at a distance of 20 cm from each other on the common
principal axis. The focal length of each lens is 15 cm,
and lens L, is placed right to lens L,. A point object
is placed at a distance of 20 cm left to lens L; on
the common principal axis of two lenses. Find where
a convex mirror of radius of curvature 5 cm should
be placed to the right of L, so that the final image
coincides with the object?

Q.25 A thin equiconvex lens of glass of a refractive
index u=3/2 and a focal length 0.3 m in air is sealed
into an opening at one end of a tank filled with water
(;,L = 4/3). On the opposite side of the lens, a mirror
is placed inside the tank on the tank wall perpendicular
to the lens axis, as shown in the figure. The distance
between the lens and the mirror is 0.8 m. A small object
is placed outside the tank in front of the lens at a
distance of 0.9 m from the lens along its axis. Find the
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position (relative to the lens) of the image of the object
formed by the system.

> 09 m

L

Mirror

Exercise 2

Single Correct Choice Type

Q.1 An object is placed in front of a convex mirror
at a distance of 50 cm. A plane mirror is introduced
covering the lower half of the convex mirror. If the
distance between the object and the plane mirror is 30
cm, there is no gap between the images formed by the
two mirrors. The radius of the convex mirror is:

(A) 125 cm (B) 25 cm
(©) 50 cm (D) 100 cm

Q.2 An infinitely long rod lies along the axis of a
concave mirror of a focal length f. the near end of the
rod is at a distance u>f from the mirror. Its image will
have a length.

A) 2/ (u-1) (B) uf / (u—f)

© 2 /(u+f) (D) uf /(u+f)

Q.3 A luminous point object is moving along the
principal axis of a concave mirror of a focal length 12
cm toward it. When its distance from mirror is 20 cm,
its velocity is 4 cm/s. The velocity of the image in cm/s
at that instant is:

(A) 6 toward the mirror
(B) 6 away from the mirror
(C) 9 away from the mirror

(D) 9 toward the mirror

Q.4 A thin lens has a focal length f, and its aperture
has a diameter d. It forms an image of intensity /. Now
the central part of the aperture up to diameter (d/2)
is blocked by an opaque paper. The focal length and
image intensity would change to

(A) 172,172
(© 3f/4,1/2

(B) f, I/4
D) f, 31/4

Q.5 An object is placed in front of a thin convex lens
of focal length 30 cm, and a plane mirror is placed 15
c¢cm behind the lens. If the final image of the object
coincides with the object, the distance of the object
from the lens is

(A) 60 cm
(©) 15cm

(B) 30 cm
(D) 25 cm

Q.6 A converging lens of a focal length 20 cm and
diameter 5 cm is cut along line AB. The part of the lens
shaded in the diagram is used to form an image of a
point P placed 30 cm away from it on line XY, which is
perpendicular to the plane of the lens. The image of P
will be formed.

2cm

5cm

X p Y
<>
30 cm

v

(A) 0.5 cm above XY
(C) On XY

(B) 1 cm below XY
(D) 1.5 cm below XY

Q.7 A screen is placed 90 cm away from an object. The
image of the object on the screen is formed by a convex
lens at two different locations separated by 20 cm. The
focal length of the lens is

(A) 18 cm (B) 21.4 cm
(C) 60 cm (D) 85.6 cm

Q.8 In the above problem, if the sizes of the images
formed on the screen are 6 cm and 3 cm, then the
height of the object is nearly:

(A) 4.2 cm (B)4.5cm
(@Q5cm (D) 9 cm

Q.9 A concave mirror cannot form
(A) A virtual image of a virtual object
(B) A virtual image of a real object
(C) A real image of a real object

(D) A real image of a virtual object



Multiple Correct Choice Type

Q.10 A reflecting surface is represented by the equation

y = ésin(%x),o <x<L. A ray travelling horizontally
T

becomes vertical after reflection. The coordinates of
the point(s) where this ray is incident is

N

y

\4

w|r

Zl

o

(B) [

© {1ﬂ] ) {1 %]

4 x ?'

&

Q.11 In the figure shown, consider the first reflection at
the plane mirror and second at the convex mirror. AB
is object.

3 Vv

~

~ —_—

~

~

J A B C
- L L L
J— —_ ———————
< 10cm 10cm 120cm

~

Ny 50cm

~

(A) The second image is real, inverted by 1/5th
magnification w.r.t. AB.

(B) The second image is virtual and erect by 1/5th
magnification w.r.t. AB.

(C) The second image moves toward the convex mirror.

(D) The second image moves away from the convex
Mirror.

Q.12 In the diagram shown, a ray of light is incident
on the interface between 1 and 2 at an angle slightly
greater than the critical angle. The light undergoes
TIR at this interface. After that, the light ray falls at
interfaces 1 and 3, and again it undergoes TIR. Which
of the following relations should hold true?
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(B) 1§ — 13 > 13

(A) pp <py <pg

(©) 1y —u3 >3 (D) 1 +15 > 13

Q.13 For refraction through a small angle prism, the
angle of deviation:

(A) Increases with an increase in Rl of prism.
(B) Will decrease with an increase in Rl of prism.
(C) Is directly proportional to the angle of prism.

(D) Will be 2 D for a ray of Rl = 24 if it is d for a ray of
RI =1.2.

Q.14 For the refraction of light through a prism

(A) For every angle of deviation, there are two angles
of incidence.

(B) The light travelling inside an equilateral prism is
necessarily parallel to the base when prism is set for a
minimum deviation.

(C) There are two angles of incidence for a maximum
deviation.

(D) The angle of minimum deviation will increase if
refractive index of prism is increased keeping the
outside medium unchanged if oy > M

Q.15 A man of height 170 cm wants to see his complete
image in a plane mirror (while standing). His eyes are at
a height of 160 cm from the ground.

(A) Minimum length of the mirror=80 cm.
(B) Minimum length of the mirror=85 cm.

(C) Bottom of the mirror should be at a height 80 cm
or less.

(D) Bottom of the mirror should be at a height 85 cm.

Q.16 A flat mirror M is arranged parallel to a wall W
at a distance | from it. The light produced by a point
sources S kept on the wall is reflected by the mirror and
produces a light spot on the wall. The mirror moves
with a velocity v toward the wall.
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Wall

L

(A) The spot of light will move with the speed v on the
wall.

(B) The spot of light will not move on the wall.

(C) As the mirror comes closer, the spot of light will
become larger and shift away from the wall with a
speed larger than v.

(D) The size of the light spot on the wall remains the
same.

Q.17 Two reflecting media are separated by a spherical
interface as shown in the figure. PP" is the principal axis;
u, and p,are the medium of refraction, respectively,
then,

(A) If u, >p,, then there cannot be a real image of a
real project.

(B) If p,>p,, then there cannot be a real image of a
virtual object.

(C) If p, >p,, then there cannot be a virtual image of a
virtual object.

(D) If py>n,, then there cannot be a real image of a
real object.

Q.18 A luminous point object is placed at O. whose
image is formed at | as shown in the figure. AB is the
optical axis. Which of the following statements are
correct?

(A) If a lens is used to obtain an image, the lens must
be converging.

(B) If a mirror is used to obtain an image, the mirror
must be a convex mirror having a pole at the point of
intersection of lines Ol and AB.

(C) Position of the principal focus of mirror cannot be
found.

(D) l'is a real image.

B

i1

Q.19 Alens is placed in the XYZ coordinate system such
that its optical center is the origin and the principal axis
is along the x-axis. The focal length of the lens is 20 cm.
A point object has been placed at the point (-40 cm, +1
c¢cm, -1 cm). Which of the following are correct about

coordinates of the image?
(A)x=40cm (B)y =+1cm

Qz=+1cm (D) z=-1cm

Q.20 Which of the following can form a diminished,
virtual and erect image of your face.

(A) Converging mirror (B) Diverging mirror

(C) Converging lens (D) Diverging lens

Assertion Reasoning Type

Q.21 Statement-I: If a source of light is placed in front
of rough wall, its image is not seen.

Statement-II: The wall does not reflect light.

(A) Statement-l is true, and statement-ll is true;
statement-Il is correct explanation for statement-|

(B) Statement-listrue, and statement-Il is true; statement
-Il'is NOT the correct explanation for statement-I.

(C) Statement-l is true, and statement-Il is false.

(D) Statement-I is false, and statement-Il is true.

Q.22 Statement-I: As the distance x of a parallel ray
from axis increases, the focal length decreases

Statement-ll: As x increases, the distance from the
pole to the point of intersection of a reflected ray with
the principal axis decreases.

(A) Statement-l is true, and statement-ll is true;
statement-Il is correct explanation for statement-I.



(B) Statement-l is true, and statement-1l is true;
statement-Il is NOT the correct explanation for
statement-I.

(C) Statement-l is true, and statement-Il is false.

(D) Statement-1 is false, and statement-Il is true.

Q.23 Statement-I: When an object dipped in a liquid is
viewed normally, the distance between the image and
the object is independent of the height of the liquid
above the object.

Statement-Il: The normal shift is independent of
the location of the slab between the object and the
observer.

(A) Statement-l is true, statement-Il is true, and
statement-Il is the correct explanation for statement-I.

(B) Statement-I
statement-1l is
statement-I.

is true, statement-Il is true, and
NOT the correct explanation for

(C) Statement-l is true, and statement-Il is false.

(D) Statement-1 is false, and statement-Il is true.

Q.24 Statement-lI: When two plane mirrors are kept
perpendicular to each other as shown in the figure (O is
the point object), three images will be formed.

Juannnniniinm

Statement-II: In case of a multiple reflection, the image
of one surface can act as an object for the next surface.

(A) Statement-l is true, statement-Il is true, and
statement-Il is the correct explanation for statement-I.

(B) Statement-I
statement-Il is
statement-I.

is true, statement-ll is true, and
NOT the correct explanation for

(C) Statement-| is true, and statement-Il is false.

(D) Statement-| is false, and statement-Il is true.

Q.25 Statement-l: Keeping a point object fixed, if a
plane mirror is moved, the image will definitely move.

Statement-Il: In case of a plane mirror, the distance
between a point object and its image from a given
point on mirror is equal.
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(A) Statement-l is true, statement-Il is true, and
statement-Il is the correct explanation for statement-I.

(B) Statement-l is true, statement-ll is true, and
statement-Il is NOT the correct explanation for
statement-I.

(C) Statement-| is true, and statement-Il is false.

(D) Statement-I is false, and statement-Il is true.

Comprehension Type

Paragraph 1: Spherical aberration in spherical mirrors
is a defect that is due to the dependence of focal length
'f on the angle of incidence '0' as shown in the figure
is given by

f=R—Esec9,
2

where R is radius of curvature of mirror and g is the angle
of incidence. The rays that are close to the principal axis
are called marginal rays. As a result, different rays focus
at different points and the image of a point object is
not a point.

Q.26 If f and f_ represent the focal length of paraxial
and marginal rays, respectively, then the correct
relationship is:

A £, =1,
© fID <f,

®) f,>f,

(D) none

Q.27 If the angle of incidence is 60° then the focal
length of this ray is:

(A) R
(€) 2R

(B) R/2
(D)0

Paragraph 2: A student is performing Young's double
slit experiment. There are two slits S, and S,. The
distance between them is d. There is a large screen
at a distance D (D >>d) from the slits. The setup is
shown in the following figure. A parallel beam of light
is incident on it. A monochromatic light of wavelength
A is used. The initial phase difference between the two
slits behave as two coherent sources of light is zero.
The intensities of light waves on the screen coming
out of S, and S, are same, i.e. I;. In this situation, the
principal maximum is formed at point P. At the point
on screen where the principal maximum is formed, the
phase difference between two interfering waves is zero.
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Screen
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Q.28 The total deviation suffered by the ray falling on
the mirror at an angle of incidence 60° is

(A) 180° (B) 90°
(C) Cannot be determined (D) None

Q.29 For paraxial rays, focal length approximately is
(AR (B) R/2

Q2R (D) none

Q.30 Which of the following statements are correct
regarding spherical aberration:

(A) It can be completely eliminated.

(B) It cannot be completely eliminated, but it can be
minimized by allowing either paraxial or marginal rays
to hit the mirror.

(C) It is reduced by taking mirrors with large aperture.

(D) None of these.

Q.31 Initially, the distance of third minima from principal
maxima will be

3.D 3.D
T g
5AD 51D
© ad T

Q.32 A glass slab of thickness t and refractive index
u is introduced before S,. Now, P does not remain
the point of principal maximum. Suppose the principal
maximum forms at a point P' on screen, then PP is
equal to

tD(pn-1 tD(pn-1
WEE g
D(p-1 D(p-1
o 2 o 22

Q.33 Use the statement given in previous question.
Now, a parallel beam is incident at an angle a w.r.t. line
OP, such that the principal maximum again comes at

point P (see figure). The value of « is

t(n-1 tn-1
oy sint 1071 . ) ey cosr 7Y
t(u-1)D
(@) sin—lu (D) sint 2
Q.34 Match the Column
Column | Column Il

(A) Conversing system (p) Convex lens

(B) Concave lens (g) Concave lens

(C) A virtual image is formed by | (r) Concave mirror

(D) Magnification < 1 is possible
with

(s) Convex mirror

Previous Years' Questions

Q1 A student performed the experiment of
determination of the focal length of a concave mirror
by u-v method using an optical bench of length 1.5
m. The focal length of the mirror used is 24 cm. The
maximum error in the location of the image can be 0.2
c¢m. The five sets of (u, v) values recorded by the student
(in cm) are: (42, 56), (48, 48), (60, 40), (66, 33) and (78,
39). The data set (s) that cannot come from experiment

and is (are) incorrectly recorded, is (are) (1999)
(A) (42, 56) (B) (48, 48)
(Q) (66, 33) (D) (78, 39)

Q.2 A light beam travels from Region | to Region IV
(See figure). The refractive index in Regions |, Il, lll and

n n
IV aren,,—2and—2, respectively. The angle of incidence
6 8

0 for which the beam misses entering Region IV (as in

the figure): (2004)
Region I Region II Region III Region IV
n, /ey Do Do Do
2 6 8
0 02m 0.6m
. 1(3 (1
(A) sin™! 2 (B) sin 1(5]

— 1
Q) sin (4)

. E
(D) sin [3}



Q.3 An optical component and an object s placed
along its optical axis are given in column I. The distance
between the object and the component can be varied.
The properties of images are given in column Il. Match
all the properties of images from column Il with the
appropriate components given in column I. Indicate
your answer by darkening the appropriate bubbles of

the 4 x 4 matrix given in the ORS. (2006)
Column | Column i
(A)
S :E (p) Real image

(B)

S é (9) Virtual image
©

S ( ) (r) Magnified image
(D) §

S e

(s) Image at infinity

Q.4 Two beams of red and violet colors are pass
separately through a prism (angle of the prism is 60°).
In the position of minimum deviation, the angle of
refraction will be (2007)

(A) 30° for both the colors
(B) Greater for the violet color
(C) Greater for the red color

(D) Equal but not 30° for both the colors

Q.5 Which one of the following statements is WRONG
in the context of X-rays generated from an X-ray tube?
(2001)

(A) The wavelength of the characteristics X-rays
decreases when the atomic number of the target
increases.

(B) The cutoff wavelength of the continuous X-rays
depends on the atomic number of the target.
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(C) The intensity of the characteristics X-rays depends
on the electrical power given to the X-ray tube.

(D) Cutoff wavelength of the continuous X-rays depends
on the energy of the electrons in the X-ray tube.

e1 e1
Air Air
*) - ®)
Meta-material X

. 4
Meta-material 6,

0, 0,

Air Air
(@] (D)
Meta-material

Meta-material
e2 62

Paragraph: Most materials have a refractive indexn > 1.
Therefore, when a light ray from air enters a naturally
occurring material, then by the Snell’s law, s.mel D

sinb, n,
, it is understood that the refracted ray bends toward
the normal, but it never emerges on the same side
of the normal as the incident ray. According to the
electromagnetism, the refractive index of the medium is

given by the relation, n= (%J = +,/e;1, , Where cis the

speed of electromagnetic waves in vacuum, vis its speed
in the medium, & and p, are the relative permittivity
and permeability of the medium, respectively. In a
normal material, both & and p, are positive, implying
positive n for the medium. When both ¢, and p, are
negative, one must choose the negative root of n. Such
materials with negative refractive indices can now be
artificially prepared and are called meta-materials.
They exhibit a significantly different optical behavior,
without violating any physical laws. Since n is negative,
it results in a change in the direction of propagation
of the refracted light. However, similar to the normal
materials, the frequency of light remains unchanged
upon refraction even in meta-materials. (2012)
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Q.6 For light incident from air on a meta-material, the
appropriate ray diagram is

0, 6,

A) Air ®) Air

Meta-material Meta-material JG

2

0,
0, 6,
© Air ©) Air
Meta-material Meta-material
0, 0,

Q.7 Choose the correct statement.

(A) The speed of light in the meta-material is v= c|n| .

(B) The speed of light in the meta-material is v= <

ul
(C) The speed of light in the meta-materials is v = c.

(D) The wavelength of the light in the meta-material

(%) is given by A, =%, ||, where i s the

air |

wavelength of the light in air.

Q.8 A biconvex lens is formed with two thin plano-
convex lenses as shown in the figure. Refractive index n
of the first lens is 1.5 and that of the second lens is 1.2.
Both curved surfaces are of same radius of curvature
R = 14 cm. For this biconvex lens, for an object distance
of 40 cm, the image distance will be (2009)

S
1l
=
N

R=14cm

Q.9 A biconvex lens of focal length 15 cm is in front of
a plane mirror. The distance between the lens and the
mirror is 10 cm. A small object is kept at a distance of
30 cm from the lens. The final image is (2011)
(A) Virtual and at a distance of 16 cm from the mirror

(B) Real and at a distance of 16 cm from the mirror
(C) Virtual and at a distance of 20 cm from the mirror

(D) Real and at a distance of 20 cm from the mirror

Q.10 The image of an object approaching a convex
mirror of a radius of curvature 20 m along its optical

50

axis moves from 23—5m to7m in 30 s. What is the

speed of the object in km/h? (2011)

Q.11 A bi-convex lens is formed with two thin plano-
convex lenses as shown in the figure. Refractive index n of
the first lens is 1.5 and that of the second lens is 1.2. Both
the curved surfaces are of the same radius of curvature R
= 14 c¢m. For this bi-convex lens, for an object distance of

40 cm, the image distance will be — (2012)
n=15 n=12
R=14cm
(A)—280.0cm (B)40.0cm (©)21.5cm (D) 13.3cm

Q.12 A transparent slab of thickness d has a refractive
index n (z) that increases with z. Here z is the vertical
distance inside the slab, measured from the top. The slab
is placed between two media with uniform refractive
indices n; and n, (> nl), as shown in the figure. A ray
of light is incident with angle 0, from medium 1 and
emerges in medium 2 with refraction angle 6; with a
lateral displacement L (2016)

Which of the following statement (s) is (are) true?

0,

n; = constant 1

n(z)

n, = constant
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(A) n, sin 6, =n, sin O;

(B) n; sin6, = (nz —nl) sin 0;
(C) lis independent of n,
(D) lis dependent on n (z)

Q.13 A small object is placed 50 cm to the left of a thin
convex lens of focal length 30 cm. A convex spherical
mirror of radius of curvature 100 cm is placed to the
right of the lens at a distance of 50 cm. The mirror is
tilted such that the axis of the mirror is at an angle
0 =30° to the axis of the lens, as shown in the figure.

(2015)

f=30cm

.
.
. ;

. ;
o
.
. 0/
y F 3N X
(-50, 0) 0,0 Ei
' ' JED T
FE
FE
K H
.

50 cm

R =100 cm

(50+5043, -50)
If the origin of the coordinate system is taken to be at

the centre of the lens, the coordinates (in cm) of the
point (x, y) at which the image is formed are (2016)

A) (25, 25 x/§)
© (50-25@,25)

®) (125/3,25/\6)

(D) (0, 0)

Q.14 Aray of light travelling in the direction %(? + \/gj)
is incident on a plane mirror. After reflection, it travels

1 ~ o
along the direction E(I + \/gj) . The angle of incidence

is (2013)
(A) 30° (B) 45° (C) 60° (D) 75°

Q.15 The image of an object, formed by a plano-convex
lens at a distance of 8 m behind the lens, is real and is
one-third the size of the object. The wavelength of light

. 2. .
inside the lens is 3 times the wavelength in free space.

The radius of the curved surface of the lens is  (2013)

(A)1m (B)2 m ©3m (D) 4 m

Q.16 A right angled prism of refractive index p,, is
placed in a rectangular block of refractive index p,
which is surrounded by a medium of refractive index
u,, as shown in the figure. A ray of light ‘e’ enters the
rectangular block at normal incidence. Depending
upon the relationships between Hq: 1y and M3, it takes
one of the four possible paths ‘ef’, ‘eg’, ‘eh’, or ‘ei".

Hy \h
/

Match the paths in list | with conditions of refractive
indices in list Il and select the correct answer using the

N

Ko Hs

codes given below the lists: (2013)
List | List Il
P 1
e—>f Hy > 2 Ha
Q e g 2. | py>pyand p, > g
R. 3. =
e—>h =t
S e 4. u2<pl<\/§u2 and
Hy> K
Codes:
P Q R S
A 2 3 1 4
B 1 2 4 3
C 4 1 2 3
D 2 3 4 1

Q.17 A transparent thin film of uniform thickness
and refractive index N, =1.4 is coated on the convex
spherical surface of radius R at one end of a long solid
glass cylinder of refractive index n, =15, as shown
in the figure. Rays of light parallel to the axis of the
cylinder traversing through the film from air to glass
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get focused at distance f, from the film, while rays of
light traversing from glass to air get focused at distance
f, from the film. Then (2014)

n;
/
Air ( n:

B) [f,|=28R

(A) || =3R

© [f,|=2R (D) [f,|=1.4R

Q.18 A point source S is placed at the bottom of a
transparent block of height 10 mm and refractive index
2.72. 1t is immersed in a lower refractive index liquid as
shown in the figure. It is found that the light emerging
from the block to the liquid forms a circular bright spot
of diameter 11.54 mm on the top of the block. The

refractive index of the liquid is (2014)
<tLiquid
~ Block
S
(A) 1.21 (B) 1.30 (©)1.36 (D) 1.42

Q.19 Four combinations of two thin lenses are given in
list I. The radius of curvature of all curved surfaces is r
and the refractive index of all the lenses is 1.5. Match
lens combinations in List | with their focal length in
list Il and select the correct answer using the code given

below the lists. (2014)
List | List 11
P : : 2r
Q |X| r/2

List | List Il
R ] -r
| QK r
Code:

(A) P-1,Q-2, R-3,5-4
(B) P-2, Q-4, R-3, S-1
(C) P-4, Q-1,R-2, -3
(D) P-2, Q-1, R-3, S-4

Q.20 Consider a concave mirror and a convex lens
(refractive index = 1.5) of focal length 10 cm each,
separated by a distance of 50 c¢cm in air (refractive
index = 1) as shown in the figure. An object is placed
at a distance of 15 cm from the mirror. Its erect image
formed by this combination has magnification M, .
When the set-up is kept in a medium of refractive index
7/6, the magnification becomes M,. The magnitude
M,

; 2015,
M, is (. )

Q.21 Two identical glass rods S; and S, (refractive
index = 1.5) have one convex end of radius of curvature
10 cm. They are placed with the curved surfaces at a
distance d as shown in the figure, with their axes (shown
by the dashed line) aligned. When a point source of
light P is placed inside rod S, on its axis at a distance of
50 cm from the curved face, the light rays emanating
from it are found to be parallel to the axis inside S, .

The distance d is (2015)
. e N [ ;
° R
50 cny d \
(A) 60 cm (B) 70 cm
()80 cm (D) 90 cm



Q.22 A monochromatic beam of light is incident at
60° on one face of an equilateral prism of refractive
index n and emerges from the opposite face making an

angle O(n) with the normal (see the figure). For n=+/3

the value of 0 is 60° and @: m. The value of m is

(2015)

Paragraph 1: Light guidance in an optical fiber can
be understood by considering a structure comprising
of thin solid glass cylinder of refractive index n,
surrounded by a medium of lower refractive index n.,
The light guidance in the structure takes place due to
successive total internal reflections at the interface of
the media n, and n, as shown in the figure. All rays

with the angle of incidence i less than a particular value

i, are confined in the medium of refractive index n..

The numerical aperture (NA) of the structure is defined
assin i

n; >n,

Air Cladding n,

0 Core

\/

Q.23 For two structures namely S; with n, = J45 /4
and n,=3/2 and S, with n, =8/5 and n,=7/5

and taking the refractive index of water to be 4/3 and
that of air to be 1, the correct option(s) is(are) (20175)

(A) NA of S;immersed in water is the same as that of
16

3415

(B) NA of S; immersed in liquid of refractive index 6
is the same as that of S, immersed in water Vis

S, immersed in a liquid of refractive index
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(C) NA of S, placed in air is the same as that of S,

immersed in liquid of refractive index i

NG

(D) NA of S, placed in air is the same as that of S, placed
in water.

Q.24 A parallel beam of light is incident from air at an
angle o on the side PQ of a right angled triangular
prism of refractive index n =\2. Light undergoes total
internal reflection in the prism at the face PR when a
has a minimum value of 45°. The angle 6 of the prism
is (2016)

n =v2

(A) 15° (B) 22.5°  (C) 30° (D) 45°

Q.25 A plano-convex lens is made of a material of
refractive index n. When a small object is placed 30
cm away in front of the curved surface of the lens, an
image of double the size of the object is produced.
Due to reflection from the convex surface of the lens,
another faint image is observed at a distance of 10 cm
away from the lens. Which of the following statement(s)
is(are) true? (2016)

(A) The refractive index of the lens is 2.5

(B) The radius of curvature of the convex surface is
45 cm

(C) The faint image is erect and real

(D) The focal length of the lens is 20 cm
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PlancEssential Questions

JEE Main/Boards JEE Advanced/Boards
Exercise 1 Exercise 1
Q11 Q12 Q.24 Q3 Q4 Q8
Q.13 Q.22 Q.23
Exercise 2 Exercise 2
Q3 Q.5 Q.7 Q.6 Q.9 Q11
Q38 Q10 Q18 Q24 Q25 Q30
Q.23 Q.27 Q.37 Q31 Q.33

JEE Main/ Boards

Exercise 1
Q1 212x10% ms™ Q.2 u=-30cm
3x10° . . , .
Q4 7 m/s Q.5 The image is formed on the same side of object.
2

Q.9 (b) (i) When the refractive index of the medium increases, the resolving power increases.

(i) When the wavelength of the radiation increases, the resolving power decreases.

Q.11 For convex lens +7.5 cm, for concave lens +48 cm.

Q.12 A virtual image of height 10 cm is formed at a distance of 25 cm from the lens on the same side of the object.
Q.14 The angle of deviation is decreased.

Q.16 (i) +5 D; (ii) 10 cm Q.17 25 cm Q20 f, =

Q.21 (ii) -10 Q23 (a)5 Q.24 2.14

Q.25 f; = 40cm;f, =5cm

Exercise 2

Single Correct Choice Type
Q1A Q2B Q3A Q4C Q58 Q.6 A
Q7D Q8D Q9 A Q10 A Q11C Q12D
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Q138 Q14 B Q158 Q16 C Q17D Q18D
Q19C Q.20 B Q21C Q22 A

Previous Years’ Questions

Q1D Q2A Q3A—->prB—oqgstCoprttD—>qs

Q4 ABC Q56 Q6D Q7C Q8B Q9D
Q10D Q11B Q128 Q13D Q14D Q15D
Q16 A Q17D

JEE Advanced/Boards

Exercise 1

Q.1 (i) 75° (i) 165° (iii) 195° (iv) 285° (v) 315°
Q.2 160 cm; 320 cm Q.375cm Q42cm Q.5 80 m/s Q.7 16 ft
Q.8 (i) tan6 = :_V = coti (ii)1 (i) y =k(x/4)" (iv) 4.0,1;
X
(v) It will become parallels to x-axis Q.9 5cm Q.10 h=595m Q.11 Same Q.12 1.625
Q.13 1000 m/s Q14 pf +pd +pg =2+p5 + g Q159 m
Q.16 @) sin| 1| (b) air 179 -1 Q.18 45° Qe I8
5 R) . 2 5
Q.20 \/5 Q.21 15 cm toward the combination
Q.22 (a) 5000W /m? (b) 0.02W /m? (c) 0.214 cm (d) 24.56 W / m?
Q.23 +60, +4/5 Q.24 59cm, 109 cm

Q.25 90 cm from the lens toward right

Exercise 2

Single Correct Choice Type

Q1B Q2A Q3C Q4D Q5B Q6D
Q7B Q8 A Q9 A

Multiple Correct Choice Type
Q108B,D Q118B,C Q128B,C Q13A,C Q14 A, B D Q158B,C
Q.168B,D Q17 A, C Q18 A, D Q19A,C Q.20B, D

Assertion Reasoning Type

Q.21C Q22 A Q23D Q24D Q25D

Comprehension Type
Q.26 B Q.27 D Q.28 D Q.29 B Q308 Q31D
Q32 A Q33 A
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Match the Column
Q34A—>pnrB—-qgsCopagrs;D>pqrs

Previous Years’ Questions

Q1CD Q2B

Q4 A Q5B Q6C
Q103 Q118 Q12A,CD
Q16D Q17 A, C Q18 C
Q222 Q23 A, C Q24 A

Q3A—>pqrs;B>qgC—opqgrssDo>pars

Q7B Q8B Q98B
Q13 A Q14 A Q15C
Q198 Q207 Q.218B
Q25A,D

JEE Main/Boards

Exercise 1

A+
{15 #(2) 3
Sol 1: = - :1\52:\5
sin— sin[eso) /
2
Here A = 60°, 6 = 30°.
8
Now u = Cov=Sovs 33107 _ 2.12x108 ms™'
v n V2
1 1 . .
Sol 2: Lens Formula: —-===. Let object is
vV u

placed at distance x from lens and image is found

at distance y from lens. For real image v is positive
vty

V=+4y, U=—-x, m=—=—=-2 (For real image m
u —x
is negative) =y =2x ... (i) l_i=l_i=i (f is
v u y -x 20

positive for convex lens)

:i+l=i(using(l)):izi:>x=3OCm
2x x 20 2x 20

u=-30 cm
Sol 3: (i) Focal length of a concave mirror is independent

of the medium and wavelength of light. So there will
not be any change.

(i) Focal length of a concave lens depends on the

refractive index p of the medium which in-turn

depends upon the wavelength of light. p decreases with

increasing wavelength. So for red light p will decrease.
1 1

1
As per lens maker's formula |==(u-1)| —-—1]| as
i L v ’[Rl RH

pdecrease, f increase.

Sol 4: Total internal reflection (TIR) takes place when
light travels from denser medium towards rarer medium
and at the interface the angle of incidence exceeds 6,
the critical angle, and the incident beam is completely
reflected at the boundary (interface). Critical angle

0 = Sin—l( HRarer J
‘ Hpenser
45=sin1(lJ:>l=i Su=S=2

n) w2 v

¢ 3x10%
> V=—1=

V2 2

=212x10% ms™

Sol 5: Lens formula.

11 = 1 (forconcave lens f is (=) ve)
v u f
Nowforu=—f,l—i=l

v —f f
1 11 2 f
—_——= e ——— = —— V:__
v f f f 2

Image is virtual, diminished and on the same side as
object.
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Sol 6:

L,=L,
rn=r,

The variation of angle of deviation & with the angle
of incidence i of the ray incident on the first refracting
surface of the prism is shown in figure. For one angle of
incidence it has a minimum value §_; . At this value the
ray passes symmetrically through the prism.

Sol 7: For relaxed eye, intermediate image should lie at
first focus of eye piece or u, =f,

f—

B e f; e
A

B poereesee
Q

Magnification M_ ==

e

Sol 8: Reflection from a spherical surface: Here n, <n,.
Ray leaves point O and focuses at point I. Snell’s Law at
point P n, sin®, =n, sin6, or n, 6; =n, 0, (For small
angles)

From geometry of figure

61 :0c+B,B:62+y
Eliminating 6,and 6, we get 3 = n—1(oc +B)+y
Or na+nyy=(n, —n)P......... (A)

Now angle at Cis B = %(S = arc(PM))

Also in paraxial approximation a = S andy = S
u v

Putting these expressions with proper signs, in egn. A,

we get MM _Mh
-u v R;
Lens Maker's Formula: 1 =(n-1) 1 1
f R, R,

As wavelength of light increases, the refractive index n
decreases and from the lens maker formula we see that,
as n decreases, f increases.

Sol 9: (i) Magnifying power:

m= X{?J for normal adjustment

e

m =X(1+f2] for final image at D, least distance for

u e
clear vision.
(ii) Resolving Power: R = 1 _2psind
Ad by

p— Refractive index of the medium between the
object and the objective.

A — Wavelength of light.

Eye piece

Here we see that

(i) as w increases, R increases.

>0

(ii) as A increases, R decreases.
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Sol 10: Refracting astronomical telescope: It consists of
an objective lens of a large focal length (f) and large
aperture, also an eye lens of small aperture and focal
length.

(i) Magnification when final image is formed at D,

f

e

f f
=>m=- i(l + BQJ and length of telescope,
f.D
L=+ f +D

e

Sol 11: (i) Lens formula

111
v u f
u=+12cm, f=+20cm
111 1 1 1(1 1] 8

v u f 12 20 4{3 5) 4x15

=v=+75cm

(ii)f:—chm:lzi—iJ—‘g:i
v 12 16 48 48

=v=+48 cm

1 11
Sol 12: = =(u-1)| —-—
° f (H )[Rl RZJ

Here R; =+30cm R, =-30cm; n=1.6

:>E:(0.6) i x2:£:i:f+25cm
f 30 50 25

u=125 cm,izl+i— 1 1 1
v f u

25 125 25
h _
Dv:—25cm,m:—2:1:i:2
. u -125
C

=h, =2h, =2x5cm=10 cm

Image is virtual and erect, on the same side as the
object.

Sol 13: Predominance of bluish colour in a clear sky
is due to the phenomena of scattering of light in the
atmosphere around earth. If size of the air particles
are smaller than the wavelength, the scattering is
proportional to 1/1%. This is the Rayleigh's law of
scattering. The light of short wavelengths are strongly
scattered by the air molecules and reach the observer.

Among the shorter wavelengths, the colour blue is
present in large proportion in sunlight.

Sol 14: Angle of minimum deviation §_ and angle of

5

Glass prism of refractive index 1.5 is immersed in a
liquid of refractive index 1.3 so the relative refractive

index of the prism decreases. p' = 1—: =1.15

prism A are related as, u =

So as per above equation as A is constant for a prism,
as pdecreases, 3 also decreases.

Sol 15: [Refer question 7 solution]

Sol 16: Consider an object O placed at a distance u
from a convex lens as shown in figure. Let its image |
after two refractions from spherical surfaces of radii R,
(positive) and R, (negative) be formed at a distance v
from the lens. Let v, be the distance of image formed
by refraction from the refracting surface of radius R,.
This image acts as an object for the second surface.
Using,

Mo M _Ho7Hy
% u R
——> Incident light
R Ri
0 C C I
© z Hi| Mo Ma :
—> +Ve
< ] pi¢ v >
twice, we have 22 _H1 _H27H (D)
v, u R
and M1 _H2 _ M7 Hy .. (i)
vV Vv -R

1 2

Adding Egs. (i) and (ii) and then simplifying, we get

11w 41 1
v ou R, R,

This expression relates the image distance v of the
image formed by a thin lens to the object distance u
and to the thin lens properties (index of refraction and
radii of curvature). It is valid only for paraxial rays and

.. (iii)



only when the lens thickness is much less then R, and
R,. The focal length f of a thin lens is the image distance
that corresponds to an object at infinity. So, putting
u=o and v =fin the above equation, we have

1_ [ﬁ_lj{i_i}..(iv)
f Hy Rl R2

If the refractive index of the material of the lens is u
and it is placed in air, pu, =p and p; =1so that Eq. (iv)
becomes

1 1 1
? = (H. —1)[E—EJ(V)

This is called the lens maker's formula because it can
be used to determine the values of R, and R, that are
needed for a given refractive index and a desired focal
length f.

Combining Egs. (i) and (v), we get

1 1 1 . L.

——== 7 ....(vi) which is known as the lens formula.

vV u

(i) P=P, +P, =10D—5D = 5D

==L —02m=20cm m=+2="
P 5D u
=v=2

For virtual image m is positive

1 1 1 1 1 1

—_—_,—_,—t = — =

v f u 2u u 20

:—i:i:u:—locm

2u 20

Sol 17:
1 1

P=P +P,=6-2=4D=f=—=——=0.25m
P 4D

= f=25cm

Sol 18: The speed of light in vacuum is a universal
constant denoted by c. When a light wave travels in a
transparent material, the speed is decreased by a factor
., called the refractive index of the material.

speed of lightinvacuum

He speed of light in the material

For graph refer figure of question 6.
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Sol 19: (a) (i)

(ii) Reflector telescope advantages:

1. Reflector telescopes do not suffer from chromatic
aberration because all wavelengths will reflect off the
mirror in the same way.

2. Support for the objective mirror is all along the back
side so they can be made very BIG.

3. Reflector telescopes are cheaper to make than
refractors of the same size.

4. Because light is reflecting off the objective, rather
than passing through it, only one side of the reflector
telescope’s objective needs to be perfect.

(b)f,=+10cm, f, = -10 cm, u = -30 cm.

1 1 1 1 1 2

\

= =—=v; =15cm
1 f1 u 10 30 30

So for the concave lens

U, =+(15-5) cm =+10 cm

B I f; Pe— f —>i

1 11 1 1
— =

v, £, u, -10 10

Final image will be formed at infinity.

Sol 20: 1—l+i_l_l_0 =>F=w
" F £ f, f f
Sol 21: (i) Astronomical Telescope for normal

adjustment

It consists of two converging lenses placed coaxially.
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The one facing the distant object is called the objective
and has a large aperture and a large focal length. The
other is called the eyepiece, as the eye is placed close
to it. It has a smaller aperture and a smaller focal length.
The lenses are fixed in tubes. The eyepiece tube can
slide within the objective tube so that the separation
between the objective and the eyepiece may be
changed.

Eyeplece

When the telescope is directed towards a distant object
PQ, the objective forms a real image of the object in its
focal plane. If the point P is on the principal axis, the
image point P’ is at the second focus of the objective.
The rays coming from Q are focused at Q. The eyepiece
forms a magnified virtual image P"Q" of P'Q. This
image is finally seen by the eye. In normal adjustment,
the position is so adjusted that the final image is
formed at infinity. In such a case, the first image P'Q’ is
formed in the first focal plane of the eyepiece. The eye
is least strained to focus this final image. The image
can be brought closer by pushing the eyepiece closer
to the first image. Maximum angular magnification is
produced when the final image is formed at the near
point.

f
(II) m:—iz_p_e:_@:_lo
. p, 1D

Here the objective has large focal length and smaller
Power.

(b) (i) Figure shows a simplified version of a compound
microscope and the ray diagram for image formation.
It consists of two converging lenses arranged coaxially.
The one facing the object is called the objective and
the one close to the eye is called the eyepiece or ocular.

The object is placed at a distance u, from the objective
which is slightly greater than its focal length f;. A real
and inverted image is formed at a distance v,on the
other side of the objective. This image works as the
object for the eyepiece. For normal adjustment, the
position of the eyepiece is so adjusted that the image
formed by the objective falls in the focal plane of the

eyepiece. The final image is then formed at infinity.
It is erect with respect to the first image and hence,
inverted with respect to the object. The eye is least
strained in this adjustment as it has to focus the parallel
rays coming to it. The position of the eyepiece can also
be adjusted in such a way that the final virtual image is
formed at the near point. The angular magnification is
increased in this case. The ray diagram in figure refers
to this case.

(i) Magnifying power of a Compound microscope is

VoD .
m = —-—| — | > normal adjustment and
u
0\'e

Vo D .
m=—-—|1+— | — final image at D.
u0 fe
Now for large magpnification, m is to be large, so f,
should be small and u, should be small. Now object
is placed at a distance u, from the objective which is
slightly greater than its focal length f . So for u, to be
small, f_ should also be small.

Sol 22: Refer question 19.(a).(ii)

Sol 23: When two plane mirrors are placed at an angle

6 to each other, the object is kept between them, then
o

the numbers of images observed is n= 360 . fnis

even then number of image is (n-1).

So here—360 = 360
0 60

(b) At each reflection some of the light energy is lost
due to absorption at the mirror surface. So the intensity
of the reflected ray goes on decreasing at multiple
reflections due to parallel mirrors.

=6=>n=6-1=5

v
Sol 24: For compound microscope m:——"{gj

(normal adjustment) U,  fe

20| Yo |[22Cm) Vo 60 _-12_ 5,
u, 3cm u, 25 5

For final image at least distance:

%
m=-——% 1+E :>_20:_V_0 1+§
u, f, u, 3

v, -20

_ 23 L Yo o4
u, 28/3 7 u

o
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. -, left with speed 3v. So its second image will more away
Sol 25: Astronomical telescope M =—=— normal 5y 4rds right with speed 3v w.rt mirror 2. Hence speed
adjustment ¢ w.rt O will be 3v+v=4v
f .
-~ _ 8- _fi = f =8f Hence for nth image Vimage = 2NV
e
L=f +f =45cm = 8f +f =45cm
° ¢ ¢ ¢ Sol 3: (A) tanO:D: 3h lim
=f, =5cm and f,=40cm y 10h+yxow
= 10h+y=3y =y =5h
Exercise 2 For general case
Ly
Single Correct Choice Type e
___________ M
sol 1: (A) 3l T
' L. M: [NV
8, =180° —20; 5, =180° -20"'=70° +90° - 6' e e > S
10h = x y
tan 0 = =—=3y=Xx+y =2y =X
+ty
Ly _dx_dy 1

dt dt T dt 27

Sol 4: (C) A is head and E is feet of man. C is the eye.
The mirror can be placed anywhere between the centre
line BF (of AC) and DG (of CE) to get full image from
head to feet.

So here CE=1.4 m. So DE should be 0.7 m. But mirror is
—9'=20° 0.8 m from ground so feet will not be visible. The upper
edge of mirror is at height (0.8+0.75) m equal to 1.55 m
which is more than BE.

a =180° —70° —(90° —6") =180° - 70° —70°

o =40° = 0=90° —a =50°

A
X
Sol 2: (B) With respect to mirror1 the object is going B ';
array from mirror. So first image will also more away X @ c R
w.r.t mirror 1 with same speed v. So with respect to R x+vy)
object O the image speed is y R
D N
1 2 G
y
E
Man
«— (.) —
BE=BC+CE=A7C+CE=%+1.4
=0.05+14=145m
So head will be visible.
Vimagel = Vimagel,mirrorl + Vmirrorl,obj =V+Hv=2v

Now this image becomes object for mirror 2. With
respect to mirror 2 the image is going away towards
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Sol 5: (B) Rays from S going right from the normal will
not reach the bottom horizontal mirror as they will hit
the inclined mirror and get deviated. So C will see only
the image formed by inclined mirror.

Sol 6: (A) Object O moves towards M, so image 1 due
to M, will move towards left i.e. towards M, .

For M, we have formula for speed of image as

dv_ (v )du
dt G2 dt’
2 due to M, will move opposite to image 1 i.e. towards
right.

So negative sign means final image

Sol 7: (D) Intensity incident

~ Po’
4 x (area on which lightis incident)

When the mirror is not present, light is reaching the
screen up to height h. Maximum area on which light is
incident = h?

2

Intensity = and

1th?
2
tan0 = L = zPh > = P
60  4nh®x(60)> 4nx(60)?

~2_\/

/e/
0
20

h

h

h\>
V °F

When the mirror is present

P
47 % (20)°

Intensity =
Y ann? 20

Intensity when mirror present
Intensity when mirror object

Ratio =

P _+ P .
_Anx(20)” 4nx(60)” _10
_Pr 1
47 x (20)?

Sol 8: (D) As a result of water the apparent height of
source will be beyond C, at C'. OC' = Rp. So its image I'
will not be formed at C but it will be formed between
C and focus F of the mirror. But again in the return
path of rays they will be again refracted at water to
air boundary and final image | will be further shifted
downwards towards O.

:”
I Ye
VAR
Yre
'l I"R
. 7 _Fe )
3\ J
P A
A XL /\
(6]

Sol 9: (A) The slab will cause a lateral shift in the
incident rays as well as in the reflected rays from the
circular mirror MM'". Now the angle of emergence 6,
will be equal to the angle of incidence in case of a slab.

M M’

P Q 0

The rays reaching the edge M of the circular mirror
after passing through the glass slab will be leaving the
source O at a greater angle (6;) with the normal as
compared to the angle (8) when there is no slab. But
due to symmetry of incident and reflected rays, the
reflected rays from the edge M, after passing through
the slab will reach the some point Q on the ground
where they would have reached when there was no
slab.



Here we have, OQ=QP both without and with slab,
between source O and mirror MM'.

Sol 10: (A) B E

90°-0

A C D

90-0>0_ =sin" % ;
¢ 3/2

90-0>sint Eij :
5

90-0>53°= 9 <37°
Sol 11: (C)

h=4m ; 0. = sint [1]
U

ﬁ_3x4m
4

tan 6, :%: r=htan 37° =

r r

=diameter= 2r= 6m

Sol 12: (D) 6, =sin™" 1 _gint (%} = 48.59°
w

Solid angle subtended at source of light O by the
circular area of radius r is

Physics | 16.93

Q=2n(l-cos0,)

If total intensity is | then, intensity per unit solid angle is

R .So intensity through the circular area is,
TC.

I
I= 4—n.2n(1—cos 0.)

:>IT: (1—cos248.59) :%:16.9%

_f
Sol13:(B) ~ -1, 1 _1 1 _4

v, f o (=u) f ul_fu1
f f
v, = Y and v, = Y2
u —f u,—f
Now m, =¥ =1 _ il
Yuou oy f

andm, = .also|m, |=|m
;= ——also|m, |m, |

-
Now m, is negative (real image) and m, is positive
(virtual image). So we have,

f
ul—f_uz—f

=>u,—f=-u +f

u, +u,

= u+u,=2f=f=

Sol 14: (B) The image formed by first lens will lie at its
second lens focus. This image will act as an object for
the second lens. For the rays to become parallel after
passing through the second lens, the object for second
lens should lie on its first focus. Thus the distance
between the two lenses will be equal to sum of their
focal lengths.

D=f +f =20cm+10cm=30cm
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Sol 15: (B) Image formed by lens be at distance v, from

11 1 1 3-2 1

Iens.i:—+—:_+_____
v, f u 10 -15 30 30

v, = 30 cm from lens.

T ——

For convex lens, u, = +(30 - 10) cm = +20 cm

v,= +20 cm, because rays retrace their path after
reflection.
1 1 1

=—+—=—=f, =+10cm

t,r 1 ]
f, 20 20 10

1
— =
v, u

Sol 16: (C) For first lens, convergent ray becomes
parallel to principal axis after refraction.

So f, = +5cm.

For second lens, ray parallel to principal axis becomes
convergent and parallel to incident ray.

i

F'l ~~~~~~~~ h \
07 0

fe——
X

So focal will length of second lens will be x as shown
in figure.

tan 6 =

v >
x | o>

=>x=5cm=1f, =x=5cm

Sol 17: (D) Let as work in the frame of reference

attached to the lens. Lens formula: 11 = 1

v u f
Differentiating w.r.t. time,

2y
dt dt

dv (v?du
>—=|—|—

dt |2 )dt
Initially when u=f, v — o so speed image is very large
and finally when u— o,v — f and the speed of image

is very low (nearly zero). With respect to lens, as object
moves left, the image also moves left.

-V =0; (f is constant)

Speed of image with respect to object is

Vio =ViL TVio

dv
Vip =| = +(-vV)
' dt (towards right)
(towards left) 9

Sol 18: (D) At first refracting surface we have,
siniy = sinr . So as i, decreases, r; also decreases.

Now for prism r, +r, =A (constant). So as r, decreases,
r,increases. At the second refracting surface we have,
psinr, =sini,.Soas r, increases, i,also increases. So
out of all choices D is most appropriate as amount of
increase in i, should be less than amount of decrease
ini,.

Sol 19: (C) For prism with refracting angle A, we have

. [A+6,
sinf ——m
2 3 sin(90°+3,.)/2
_ I ==
A 2

sin 45°

LL =
sin —
2
90° +§ 90° + 8
:>\/§:sin n | = m —60°
2 2 2

=38, =120° -90°=30°

A+d, A+38°
2 2

Sol 20: (B) At min deviation i =

Now & = (i, +i,) — A; Here i = 42°

andi, =62°, & =44°

= 44° = (42° +62°)— A = A = 104° — 44° = 60°
o o

—i :@:490

Sol 21: (C) o .

-
8
-,
-
-
-
Ptiss
-
s

AX O p

d=(u-1)A; n=15

25 5 g

~180 " 360 72
Ax=6x(OM) =106 cm

§=05x5°=25°=3

OP~ OM~IM =10cm;



Sol 22: (A) At second refracting surface

psinr, =1sin 90

= sinr, =l=i
mo2
=r, =45°
=>n=A-r
=60° —45° =15°

= At first refracting surface , sini; = usinr,

= sini; =x/§.sin 15°=\/§.—=—

=i, =sin™? (E]
1= 2 :

Previous Years' Questions

Sol 1: l—
v

c |

1
= ? = constant

Sol 2: (A) An experiment is performed to find the
refractive index of glass using a travelling microscope.
In this experiment, distances are measured by a vernier
scale provided on the microscope.

Sol 3: (A) — since p, <p,, the ray of light will bend
towards normal after first refraction.

(B) =y > n,, the ray of light will bend away from the
normal after first refraction.

(C) > u,=p,; means in second refraction there will be
no change in the path of ray of light.

(D) = Since u,> 4, ray of light will bend away from the
normal after second refraction.

Therefore the correct options are as under.
(A)—>p.r

(B)—>q, st

Q@ ->prt

D)—>q s
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Sol 4: (A, B, C) Using Snell's law

a1 .1
sint— <sint —

NN

Net deviations is 90°

Sol 5:

u u u u+f
or ——1=—or = —
v f v ( f j

.. Answer is 6.

Sol 6: (D) Case I: u = —240 cm, v = 12, by lens formula

1_ 7

f 8

Casell:v=12—l=£
3 3

(normal shift = 1 - % =2)

w| =

f= L
80

u=>56



16.96 | Geometrical Optics

1
Sol 7: (C) LC = —
ol 7:(© 60

Total Reading = 585 + 69_0 = 58.65

Sol 8: (B) As intensity is maximum at axis.

- u will be maximum and speed will be minimum on
the axis of the beam.

.Beam will converge.

Sol 9: (D) For a parallel cylindrical beam, wave front will
be planar.

Sol 10: (D) Case I: u = -240 cm, v = 12, by Lens formula
1 7

f 80

Case I v:lz—lzﬁ
3 3

Normal shift = 1- z = 1
3 3
1
0
u=>56
Sol 11: (B) Self-explanatory

Sol 12: (B)

R? = d? +(R-t)°

BCANP:
R? R
2
R= (3) :9—:15cm
2x(0.3)

f=30cm

1
Sol 13: (D) ™ — (n-1)

Sol 14: (D) As frequency of visible light increases
refractive index increases. With the increase of
refractive index critical angle decreases. So that light
having frequency greater than green will get total
internal reflection and the light having frequency less
than green will pass to air.

Sol 15: (D) At face AB,

sinf=pusinr

At face ACr' <0,

A-r<sint l
i
r>A-sint l
n
sosinr > sin (A—sin:L lj
n

m > sin [A—sin‘l lj
H H

6 >sint {H sin (A—sin‘1 EH
i
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A Sol 2:

Sol 16: (A) 9 =122 5

Minimum separation = (25x10‘2) 6 =30 um

Sol17: (D) 6=i+e—-A= A=74° 120 cm

40 cm 40 cm

A+3d .
sin{ h m'”]
2 5 37° + 6min
2

= ==5sin
H ! (A]
sin| —
2

5 . 5
can be 3 so p will be less than 3 40 cm 40 cm

oo MM

QiR
@)

umax

Since 5, will be less than 40°, so P

n

u<§sin 57° <§sin 60° =>u<1.446 20 cm 40 cm

So the nearest possible value of p should be 1.5 By similar triangles
A BCD ~A BFE; so EF=3xCD
Because BF=3xBC

— EF=120 cm =EP=160cm
JEE Advanced/Boards

Minimum height of eye is 160 cm.

Exercise 1 And similarly maximum height will be
E'P =80+3x80=320cm
Sol 1: OB = OPsinl5° = ﬁ(ﬁflj = \/52_1
22 Sol 3: By property of similar triangles,
Number of image
M Py
y A - B 20 cm
~~~~~~~ o 0:0
5 (1 1) X
120° X
3m
. B >
p A . 20 20
0, 0) (1.0 c 3x
(1,-1) D
I ¢ bi¢ >
_360_,_360_; s
0 0
AMAB - AMCD; X -300¢cm
20 cm y

y+20=100 cm; =y =80 cm
X_20x300 cm
80

75cm
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Sol 4:
Ml
axis of My 10 cm
IZ*A /
A ‘X lcm O*v 1cm
lcm 11cm
II.F\I }
axis of M,
MZ
l+1:l;f:—20cm,u=—10cm
v u f
1 1 1 1 1 1 2-1 1
v 10 20 v 10 20 20 20
_v__ 20 _
u (-10)

Image will be erect with respect to the axis of each
mirror. Distance between images is 2 cm.

Sol 5: 0S=15m; OC =20 m
Height of ball after 4 s is,

ceé
A Speeds = 20m/s
s 3

H=15+20><4—%><10><16=15+80—80=15m

Speed of ball after4 s is, s, =20-10x4
= S, =20-40=-20ms"

So ball is moving downward with speed of 20 ms™ and
is at height 15 m above the mirror.

So u=-15m, and fzz—gm:—lo m

Mirror formulal+l:l gives
v u f

2-3 -1

1 B 1 _i_ 1
-10 (-15) 15 -10 30 30
v=-30cm

1
\%
=

Relation between speed of image and speed of object
for lens is

dv (v?)du
— == ==
dt W2 ) dt
dv -1 -1
P (4)x20 ms™ =80m s (downward)

2
d_v= (=30) .20m s (downward)
dt (-15)?

Sol 6: Refer theory

Sol 7: Apply Snell’s law:

1xsin® :ésin(90—(p)
d 4 dx3
1x =—x
30+ 3 1024+ 2

V1024 + & = 4436 + &2

6 ft

1 feet = 12 inch
1'=12"

1024+d’
9

On squaring both sides,

1024+9d*=16(36+d?) ; 1024+9d*=576+16d2

48

7d2=448; d’= 47 =64

d= 8 feet, width=2d=16 feet
Sol 8: At any point by Snell's law

1sin 90 =n(y). sin (90° —0);
1=(kg*?+1)"? cos 0
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Here angle of incidence at B(x, y) isi = 90° -0

y/\

L 0,0
1
cos 0= (ky3/2+1)1/2
}k 3/2 1-1
:>tan6:d_y:l:L:Jky3/2
dx 2 1
(i) Now as
i=90°-0=0=90°—i Soj—yztanezcoti
X

(i) Initial angle at air is 90° and n=1. At point B(x, y)
angle of incidence is i.

So we have by Snell’s law
1.5sin90°=n sin i
=nsini=1

(iiiy Now, j_i’ _ Jk y¥4 [From ()]

+1/4

y =k x
+1/4

y
dy
: —_—
.([y3/4
\/EX X 4
*1/4=—:>y:k2 X
4 4

(iv) For the point P, we have y=1.0 m k=1

:_T\/E dx =
0

(i)

=Yy

4 4
:>y=k2(%j gives 1=(2j =x=40m

(v) At P we have

y , L
(Ol 1) ,7:
G4
0"4502

L
-
.
.
-
-

j—yztan6:1:>9=45° [From (i) puty = 1]
X

sin45° 1

sint 2

n=1+1)"? =2 =

=sinr=1=r=90°

= Ray of right becomes parallel to x axis.

Sol 9: At first refracting surface the rays will pass un-
deviated. At the second refracting surface the rays are
refracting from denser to rarer medium and hence
suffer Total Internal Refraction if i > 6,

S R h
— ,.:",{'ec %0-6,
A — "
¢ C
A D . :

From right A BCD, £ZBCD =90° -6,

V3

From AABD, h=Rsin 6. =R sin 60° :RT

DC =h cot (90° —6.) =h cot30° =R7

NE] 3R
.xf:?

AP =R,AD =R cos0,_ :%

AC:AD+DC:E+3—R:
2 2

x=pc=AC-AP=2R-R =R =5cm

=x=5m

2R;
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Sol 10:
37°

X
) 4

sini sin 37° 4 3 3/5
" =0 =
sinr sinr

+:%:4ooz9(h2+9):h2 =
h+9

=h= % =595m

400

Sol 11: ﬂz p All the ray in the bean are deviated
sinr
by same angle so width of beam will not change after

it goes over to air.

i
Glass
Air
r
Sol12: 6 =(u-1)A=1°15'=1.25°=(u-1) A ()
Now for prism rn+r,=A Herer = 0,
r=r
=r=A .. (i)

For reflection of reflected ray at first face of prism

psin2r=sin 6.5 = ETc
180 1
= 2ru= 6.5m =rpu= 6.5m (i)
H =180 ~ ™ " 360

From (i), (ii) & (iii) we get

125x .
=(u=DA=uA-A ... (iv)
180 (H-1DA=p
and 65m _ nA - (V)
360

Subtract (iv) from (v) to get

(6.5-2.5)n

—A=A=" rad=2°
360 90
and put value of A in (v) to get

651 90
n= x—
360

—n=1625

Sol 13: For a given incident ray, if the mirror is rotated
through an angle 6, then the reflected ray turns
through an angle of 2 6. So if angular speed of mirror
is o then the angular speed by which the reflected ray
is rotated is 2 .

9rev 18 rad
Oy =2XO=2X———="—x21——
msecC wm sec

®q =36rads™



When
N Vief Vg
B
i
i i
90-i
MZTTT77777777777{77777777777777|A
O«
10 m
i=37° we have
N
B = L Vg
cos(90 -1)
OA 10 10
== B = m Vref
sini sin37 3/5
90-i
= 0B = ﬁm
3 i
= speed v, 4 = o x [OB] N
R
=V, =36 xﬂm st =600ms™ I
3
o— Vet Vir _ 600
B cos(90-i) sini 3/5

=200x5=1000 m/s.

Sol 14: 1sin90=p, sinr....... (i)
By sinr, =p, sinr.. (ii)
W, sinr, =u; sinf....... (iii)
pysinr, =p, sinr.... (iv)
H, SiNTg =pg SiNTy........ (v)
Hgsinr, =1sin90..... (vi)

Also as all prisms are isosceles right angled prisms, we
have

o+l =0+l =+ =1+ =T +1, =90°.....(viii)
From equations (i), (i) and (viii) we get,

1=y, sing; p,sinrg =y, cosn

:>pf :1+u§sin2r3 ..... (A)

From (iii) p; sinrg=p,cosry ... (B)

(A) and (B) gives

uf +p§ sin =1+ pg ..(Q)

From (iv)

H; €OS Iy =p, sinr, ..(D)

(C)and(D)gives
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uf+u§:1+p§+ui sin? r e (E)
From (v) pg sinrg=p, COST; ... (F)

(E) and (F) gives

pf +p§ +].1§ sinzr9 :1+;,L§+uf1 ..... Q)
From (vi) pgcosrg =1 ..(H)

(G) and (H) gives

2,2 2 2,2
= upHpS A+ pE =24+ Sy

Sol 15: Snell’s law at spherical surface for the first ray
usini; =sinrn

:>16[h1J My = h? +x? R?
Ol ===ty =
R /hi“(i 2.56

2
= 0.5% +x] = 22?36 = x, =1249m

Similarly for second ray

h§+x§ 2.56
2
x§:22—(;6—122:>x2:35m
= AX, =%, x2—9m

Sol 16: (a) For total internal reflection at the concrete-
air interface we have critical angle

sino_ by vy 340m/s
sin90 BV, 1700m/s

=sinb_ = % =0, = sint @j

(b) The concrete is a rarer medium for sound because
the speed of sound is higher in concrete, while air will
be denser medium for sound as the speed of sound is
lower in air. So for TIR, sound must travel in air which is
denser medium in this case.
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Sol 17: The outer most ray of the beam , ray 1, will
be tangential to the circular surface of rod at point P
and hence angle of incidence is 90°, hence greater than
critical angle, and hence will travel tangentially at all
points of the circular portion from P to P".

p'
é @
2
d-7
A B
N N
v Vv
ray 1 ray?2 1 2

The inner most ray of the beam, ray 2, will be incident
on the inner circular surface at angle i.

From the geometry of figure we see that,
CQ=R;CA=R +d
R=(R+d) cos (90 -i) =R = (R + d)sini

Here angle i will be the least of all angles of incidence
of ray 2 during its path inside the critical rod. So, if i is
greater than critical angle then ray 2 will surfer TIR at all
point in circular rod.

1 1 d

. >—31+E<p,

1+ M
R

d d
2E<(u—1):[EJmax =(un-1)=15-1

sini>l:>
p  R+d

1
>—=
u

Sol 18: In a prime r,+r,=A;
Here r =r, r,=0°, A=300=~" = 00 (i)
At first refracting surface

ﬂ:u:ﬁ:sini:(sinao">ﬁ=ﬁ@=i

sinr

o

=i=45°

Sol 19: Angle of deviation is gives as & = (i; +i,) - A

Hence i, - i, = 23°, A =60°, & =23°
=23°=i, +i,-60
=i +i, =83° ()

=i, —ip =23° ... (i)
From (i) and (ii) we get i, = 30°,i,=53°

Snell’s law at first refracting surface.

60°

.. . 1 . . 1
sini, = usin, = = =p sinr, = sinr, = —
1 = usinn > u 1 1 2

Snell’s law at second refracting surface.

psinr, = sini, = sinr, :l.i:i
HS Su

Now r, +r,=60°

. 3 . . 3
=sin(r, +r,) = - = sinr, COsr, +cosr, sinr, = 73 V]

:L,\/l_ 16 +J1_Li 3

20" 252 42 Su 2

]

-5



Sol 20: Deviation suffered by the transmitted ray is
8, =(60° —r)+(60° — 1))
5, =120-2r, 0

Deviation suffered by the reflected ray after emerging
out of sphere.

8, =(60° —r,) +(180° —2r;) +(60° —r,)
8, =300° —4r, ..(i)

1
Now &, =§82 =38, =9, .. (i)

From (i), (ii) and (iii) we get

3(120° - 2r;) = 300° - 4r,
= 360° - 6r, =300° - 4r,

= +2r, =+60° =1 =30°

..(iv)

Snell's law of point P
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Sol 21: When air is filled between two similar glass
pieces.

P =2P +P,
PL:lwherel: Wy | 11
f, fl Hm R, R,

1(1-1)1 1 1
S 2=|2-=| = 2=0
R =

Then P =0 R, = _fl where f,, == _%
M

(since mirror is concave)
Given that screen is placed at a distance 60 cm from the
combination

v . e
m = —— = Two times magnification means
u

m=-2, then v=2u= 60=2u= v=30cm

For equivalent combination P, = _fl =1, = _Pi = _R

2

e e

Apply mirror formula to the equivalent combination of

mirror.
| Oé/%
I
>
v=60 cm \E
Screen
1 1
—_——=—
v u f

1 1 1 1 1 2( . R
5> —+—="=-———-—=—=|sincef, =——
-60 -30 f, 60 30 R € 2

R=40cm
air air
= +

Again if air between the glass pieces is replaced by
water.

P, = 2P +P,
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1 1 (p-1)1 1 (d) Light intensity at image is the intensity focused by
P ==where —=| L — | —-—— the lens
f f 1 Jl40 -40 :
0.02x 7 (7.5 x107*W
:(pwz4/3):PL:%:>PM:—fl Limage = 147 s
M 47{0‘] x10™*m?
2
Where fl = —%(for concave mirror) Linage = 2456 Wm™?
M
R .
e —E(for concave mirror) Sol 23: Focal length of Plano - concave lens
M
2 2 1 1 1
P, ===— Sy PR Y et
MTR 40 ;= ){ R)
1 3 1 1
=P =2P +P —=|=-1l||-—=|=—-——==1f =-60cm
e TLOM fl(z )[30) 60 1
><i+i 2.1 Focal length of plano-convex lens
60 40 60 12 gHmore
1 1 1
—fl:fe:—12 cm E_(HZ_D[;___RJ
e
: 11 1 lz(i—lj(ij:i:fzzlzocm
Again apply —+—=— f 4 30) 120
v u f
1 1 1 (i) Plane surface of Plano-convex lens is silvered. So the
Tl -15cm equivalent focal length of the system,
o ) ) 1 1 1 1 1
When air is filled between the gap, object distance=30 Power = i f_+f_+T e
when water is filled between the gas, object distance=15 to2 o omo2 1
cm, Then, object is displaced by 15 cm towards the  fm = focal length of planemirror = o
combination. 1 2 2 2 2 -1
> — =4 — = —
F f f, 60 120 60
Sol 22: (a) At surface light intensity = +F =+60cm
457W 1.125x10* ) Focal length = 60 cm
I = =I= Wm™
47m(1.5)° x10™*m? 2.25 The equivalent system behaves as a convex mirror.
=5000Wm™? L 1.1 1
(i) Mirror formula =+== rE Hence u = -15 cm,
4.57W f= vou
(b) I, = 5—“22 = 0.02Wm +60cm
4n.(7.5)°m l—i_i—i i—l
(c) u ==7.5m=-750cm v 60 -15 60 60 2
‘ 20 = v=+12cm
=+30cm
Magnification, m=——= -12 =>m= 4
111 1. 11 1 1 _14_ 7 u -1 >
v u f v f u 30 750 750 375
75 Sol 24: Image from L;:
= v="--cm,

L L,

IZ
Magnification,m=X= 375/7 = m=—l 20 cm
u -750 14 o N
. , 3.0cm : M. ¢ b
= diameterofimageofbulb,d; = =0.214cm Nl ]
14 v 20 cm \/ 40 cm
X
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1. 11 1 1 _4-3_1 Add (i) and (iv)
v, f u 15 20 60 60 3 4 3
= v, =60cm fromL, 1 i:§—§—1+§
v, 30 30
Forlens L, 1 > 1 1
=== v =-90cm
1 1 1 8+3 Ve 90 30 90
u, =+40cm, —= —+—=——
% 15 40 120

2 from lens (right from lens)

120 So final image is 90 cm right of lens.
=V, = +ch fromL,

This final image should lie at the centre of curvature of

convex mirror, so MC = R = 5 ¢cm Exercise 2
120 120-55 . .
So,P,M=P,C, -MC = F_S = Tcm Single Correct Choice Type
=x= ﬁcm =591cm Sol 1: (B) Distance of image due to plane mirror from

object will be 60 cm. So OO’' =60 cm. So distance of
image from convex mirror PO’ =[O0'-OP]=10 cm

Sol 25: For equi-convex lens radius R= f= 30 cm

Refraction at surface I: Air to glass fd
3 P

M
7_1 [ = &

3/2_ 1 _ 2 (@) (0] E % o’

v;  (-90) +30cm 5 R <,

) 30 cm Ul 20 cm T
Refraction at surface Il: Glass to water M
4.3 1 1 1

4/3 3/2_ 3 2 (i) =Mirror formula =+= =3 will give focal length of

v v -30cm vou

2 1

mirror by putting u=-50 cm, v=+10 cm,
Add (i) and (ii)
3 4 3
- ]1-—4=
4,12 32
3v, 90 30 Radius of curvature R=2f =25 cm
4 2 1

So—=—-—>V, =+120cm
3v2 90 90

1 1 1 4 2 25
= - = sf===
f 10 50 50 25 2

1

near end
For mirror, image of lens acts as object.

For mirror u,=+ (120-80) = 40 cm (right from mirror) %Qg

So v, = —40 cm (left from mirror)

me

Sol 2: (A) Mirror formula
Refraction from surface Il after reflection from mirror.

1 1 1 1 1 1 u-f
u,=—40 cm (left from surface Il) V+a:? ViU 1 Ut
3 4
3/2_4/3_ 2 3 . (i) At near end |u|> |f|. u and f both are negative .
ve 40 430 So v is negative. At far end we have u=—wx. So mirror
Refraction at surface I: Glass to air formula gives 1.1 1.1 —v =f.
1 3 Vo f -0 f *
1.3/2_ "~ 2 .. (iv) Fornearpointlv,_|> [f|.
Ve Vs -30
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Image length
fu fu—uf + 2
|Vnear|_|voo|:u_f_f: u_f
2
=>Al=——
u—f

Sol 3: (C) Velocity of image

dv vZ \du dv v2 a
—=——=|—; —=—-|—|4cms .
dt w? jdt dt 202

From mirror formula

111 1 1 1 1 1 3-5 1

v f u v -12 —20 20 12 60 30
:v:—ESOcm:>d—V:—@4cms‘1:—9cms‘:l
dt 400

2
Sol 4: (D) Area of mirror, A, = ndZ.

Area left after putting opaque,

2 2 2
A, =A nd——nd—— d—
16 4 16
d? 1) 3nd® 3
SA =n—|1-2 =22 =2A
4 4] 4 4 4

Focal length will not change and intensity become%l.

Sol 5: (B) Rays should fall normally on plane mirror.
This will happen if rays become parallel to principal axis
after passing through lens. So OL = f=30 cm.

/4/\\ o
L

IR NNNNRNTANNNNN\N

1 1 1
Sol 6: (D) Lens formula ———=—; u = -30 cm,
v u f
f=20cm
2cm
P N
h; T 0.5cm
axis------
A
1.1 1 .32 1_
v 20 30 60 60
e L. v 60
Magnification m=— = m=%=—2:>h2 =-2h,
u —

So h, =-2x0.5cm = ~1cm (below axis)

So Image of P is 1.5 cm below XY.

Sol 7: (B) Distance between object and screen is D,
displacement of lens is d, and so focal length of lens is

D? -d* 907 207

f: =
4D 4x90

=214cm

Sol 8: (A) Object size

O:\/lel2 :\/6 cmx3cm

0=424cm

Sol 9: (A) l+l:l
v u f
Let u = + x (virtual) and [f| = -f (concave mirror)

1 1 1 —x—|f] | f]x
=———== =>v=
| f1x x| f]

v x = {ve

So v is always negative when u is positive (+X).

Multiple Correct Choice Type

Sol 10: (B, D) Slope of reflecting surface at the desired
point will be tan45° =1

d_y:2cos X :]_:>TE_X:E:>)(:E
dx L 3 3

= y(k) = %sin(ﬁj AL

3 3



Sol 11: (B, C) Length of object is AB = (50-20) cm
=30 cm. After first reflection from plane mirror AB is
inverted to B,A, with distance from convex mirror as
shown in figure.

Image of A in convex mirror

60 cm

L1t 1 1 1 30m

fou v1:60

Image of B in convex mirror

1.1 1 1 1 342 1

v, f u, 60 -90 180 36

= v, =+36cm = A'B'= (36 -30)cm =6cm

th
. . 1 .
Second image A'B’ is virtual and [—J of magnification
5
w. r. t. AB and erect.
My

Mo
i

0]

Now formula for speed of image for convex mirror
dv v du . .
— =—— As object moves towards mirror, the
dt (2 dt

image also moves towards the mirror.

]

Sol 12: (B, C) i + i' =90° from figure

At point P, p; sini>p, .. (i)
At Q . (i)
Squaring and adding (1) and (2) to get

Wy Sini' > py or py cosi> g

ui > +ps =l —pd >l =g —pg >
Sol 13: (A, C) Angle of deviation 8= (p-1)A.

Sol 14: (A, B, D) Angle of deviation &= (i, +i,)-A. i,
is angle of incidence and i, is angle of emergence and
angle of incidence and emergence are interchangeable.
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(o +A
5 sm[ "‘2 j
If "mis minimum deviation, M_p =—> @ 7

Hs sin(Aj
2

So as My increases , §_ also increases.

Sol 15: (B, C) The minimum length of a plane mirror to
see one’s full height in it is ; where H is the height of

man. The mirror can be placed anywhere between the
centre line BF (of AC) and DG (of CE). Eye is at C.

A
X ; F
P
C N
< N 1y
y N
N
D e Y
y
E
Man

Sol 16: (B, D) The distance PQ, and PQ, will not change
as the mirror MM’ moves with speed v perpendicular

to its length.
S P Q Wall Q
Iv
M M

Sol 17: (A, C) K, >l; Rays from real object will be
deviated away from radius of curvature and hence
will becomes more diverging. For virtual object the
deviated rays may converge on the principle axis.

W, >H,: For virtual object the deviated rays will
converge on principle axis.

For real object the refracted ray will deviate towards
radius of curvature and may coverage on principle
axis.

Sol 18: (A, D) The image formed by a convex mirror is
always, virtual and erect. So convex mirror cannot form
inverted image of OA. Option B and C are ruled out.
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Sol19: (A, Q) u=-40cm; f=+20cm
11 1 1

v u f v

20 40 40

11 1 1 1
f u

—=v =+40 cm, and magnification m = v._40
u -40

= m=-1= y and z coordinate’s values will change
their sign but magnitude will remain the same.

jyimage = _1’Zimage =+1

Sol 20: (B, D) Convex mirror and concave lens for
diminished, virtual, correct image of object.

Assertion Reasoning Type

Sol 21: (C) The wall does reflect light, but the reflection is
irregular. Reflected rays are deviated in different directions.

Sol 22: (A) This phenomena is called spherical
aberration. The rays close to the principal axis are
focused at the geometrical focus F of the mirror as
given by mirror formula. The rays farthest from the
principal axis are focused at a point somewhat closer
to mirror.

d

actual

Sol 23: (D) For object in liquid. d,pparent = "

For a slab: normal shift Ax=t(1—l] where t is
thickness of slab. H

Sol 24: (D) Two image will be formed one for each
mirror.

Sol 25: (D) If a plane mirror is moved such that its
perpendicular distance from the point object does not
change, then the image will not move.

Comprehension Type

Sol 26: (B) Paraxial rays are focused at the geometrical
focus F of the mirror. The marginal rays are focused at a
point F somewhat closer to the mirror.

Sol 27: (D) y
O//KZ\\\I
X
-40 P

f:R—%sec60° =R-R=0

Sol 28: (D) Deviation=180° —2x60° = 60° . Ans (D)

60°
60°

Sol 29: (B) f = R—% secO’ :%

Sol 30: (B) Spherical aberration cannot be completely
eliminated, but it can be minimized by allowing either
paraxial or marginal rays to hit the mirror.

Sol 31: (D)
(2n-1)AD
Yin =" 5q n=1,2, ... )
5).D
Forn=+3,y.,, = 5

Sol 32: (A) Shift in the fringe due to the glass slab is
Ay = (u— 1)t% where t is thickness of glass slab. Due to

glass slab path of ray from S, gets increased by (u—1)t.

Sol 33: (A) Path of rays 1 is more than path of ray 2 by
a distancedsin o . Draw perpendicular S,M from S, to
ray 1.

Sl
- P
/ 0
1
S
2

ZMS,S; =a and MS; =d sina

This path difference is suffered before passing the slits
S, &S,. After passing through the slits, path of ray from



S, isincreased by (u—1)t. For net path difference to be
zero at point P we have,

dsino=(u-1)t
(u—l)tj

= o =sint
&

Match the Column

Sol34:A—>prB—>qgsCo>pqgrssD->pagrs

Previous Years' Questions

Sol 1: (C, D) % = 1 + Z (mirror formula)
v

cC =

F=-24cm

Sol 2: (B) Critical angle from region Ill to region IV

Now applying Snell’s law in region | and region IlI

. Ny .
No sinf = —smeC
6

or sinezlsineczli =l
6 6\4 8

0=sint [lJ
8

Sol 3: (A, C, D) In case of concave mirror or convex lens
image can be real, virtual, diminished, magnified or of
same size.

(B) In case of convex mirror image is always virtual (for
real object).

Sol 4: (A) At minimum deviation (6 = Sm):

A 60°

=30° (For both colours)

Physics | 16.109

Sol 5: (B) A

cutoff —

h
e_\(; (independent of atomic number)

Sol 6: (C) The refractive index n for meta-material is
negative.

no; .

S .
Hence Is negative.

no,

Thus if 0, is negative, 0, will be negative. So the current
choice is C.

Sol 7: (B) N= £ V= ﬁ which is choice B
\ n

v .
Also frequency v = Xsmce v remains unchanged

vair =Vm
air 7\‘m
\Y, \ C
=>A =A, x— =) xMx -
m air 7, air c v
air air
C
— air ey —
= Agip X - ( V= J
m
A
air .. _ —
|n| ( N, —|n| and n, —1)

So choice D is wrong

1 1
Sol 8: (B) P, = (1.5-1) (ﬂ_O] +(1.2-1) [O_EJ

Sol 9: (B) Object is placed at distance 2f from the lens.
So first image I, will be formed at distance 2f on other
side. This image I, will behave like a virtual object for
mirror. The second image I, will be formed at distance
20 cm in front of the mirror, or at distance 10 cm to the
left hand side of the lens.
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Now applying lens formula

10 cm

>
30cm 10 cm 20 cm
1 1 1
vou f
1 1 1
v 410 +15

or v=6am

Therefore, the final image is at distance 16 cm from the
mirror. But, this image will be real.

This is because ray of light is travelling from right to
left.

Sol 10: (3) Forv, = ? m,u, =-25m

25

vzz?m,uzz—SOm

Speed of object = 2 18 3 km/h.
30 5

Sol 11: (B)

(”1 _1) N (“2 _1)
R R

L 1
For the combination — =
eq

=20

foq

Hereu = -40,f =20

v =40

Sol 12: (A, C, D) From Snell’s Law
n, sin , = n(d) sin 0, =n, sin 6

The deviation of ray in the slab will depend on n (z)

Hence, [ will depend on n (z) but not on n,.

n, = constant 6, 1

/

n(z)
z
d
0,

N

n, = constant [ ; 5
ef

Sol 13: (A) First Image |, from the lens will be formed
at 75 cm to the right of the lens.

Taking the mirror to be straight, the image |, after
reflection will be formed at 50 cm to the left of the

mirror.
On rotation of mirror by 30° the final image is ..

So x = 50-50 cos 60°=25cm.
andy = 50 sin 60° = 25v3cm.

.~
e
.

N

50 cm

Sol 14: (A) Let angle between the directions of incident
ray and reflected ray be 6

cosezl(Ai+ 3])
2



cos 6:—l
2

6 =120°

Sol 15: (C)

24 m 8 m

(A

1 1

8 24 2R
3+1 1

:_
24 2R

=R=3m

Sol16: (D) P> (2);Q—>(3);R—>4);S— (1)
Py, >y (towards normal)

By > s, (away from normal)

Q p; =p,... (Nochange in path)

Zi=0= Zr=0 on the block.

R.p; >Hy... (Away from the normal)
By > U (Away from the normal)
ulxizuz sinr = sinr = H1 .

2 2,

Since sinr<1:>u1<«/§p2

S. For TIR:
K

45° > C:>sin45°>sinC:i>—:>ul>\/§u2

\/5”1

Sol 17: (A, C) For air to glass

15_14-1 15-14
f R R
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- f=3R
For glass to air.

1 14-15 1-14
= +

f, R R

~f, =2R

Sol 18: (C) tan 6_ :%:ﬂzﬁ

10
Liquiql ry
h
:sineczﬁ
Hy
1
=, = 2.72x5:1.36
1 1 1
Sol19: (B) —=(p-1)| ——-——
()f (H )(Rl RzJ
f=R f=2R f=-2R
Use—=—+i
feq fl 1:2
(P)fi:l+l:£;feq25
o R R R 2
1 1 1 1
— == =R
(Q)f 2R 2R R
1 1 1 1
—_— = f =-R
()f 2R 2R R™ €
SYESE S S P
feq R 2R 2R *d

Sol 20: Image by mirror is formed at 30 cm from
mirror at its right and finally by the combination it is
formed at 20 cm on right of the lens. So in air medium,
magnification by lens is unity. In second medium,

p= % focal length of the lens is given by,
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Soin second medium, final image is formed at 140 cm to
the right of the lens. Second medium does not change

the magnification by mirror. So

1

Sol 21: (B) For Ist refraction

1 15 1-15

v -50 -10

= v =50cm

For lind refraction

15 1 15-1

o —X +10

=x=20cm

=d=70cm

M, _ szfz

=7

my Mfl

Sol 22: Snell’'s Law on 15t surface: 73 =nsinrn

sin r. ——3
1 2n
3 4n?-3
=>cosh=l-—s=——"——
4n? 2n
r +r, =60°

Snell's Law on 2" surface:
nsinr, =sin

Using equation (i) and (ii)
nsin (60°—r, ) =sin 6

3 1 . .
n 7cos rl—Esmr1 =sin 0

d {ﬁ (m_lﬂzcos pd0

dn| 4 dn

For 8 =60° and n=\/§

do

=—=2
dn

(D)

Sol23: (A,C) 6>c
=90°-r>c

= sin (90°-r) > ¢

= cosr=sinc

Using .—:n—l and sinc:n—2
m Ny

2_
1

nm

2
n n,

. 2
We get, sin®i_ =

Putting values, we get, correct options as A & C

Sol 24: (A) i=p+0

For o =45°; by Snell's law,

1 x sin 45° =/2 sin B

= p=30°
For TIR on face PR,

a1
B+0=0_=sin 1(—]:450
‘ V2

= 0=45"-p=15°.

Sol 25: (A, D) For refraction through lens,

1 1 =Eand—2zx
v -30 f u

sv==-2u=60cm

~f=+20cm



For reflection

1 1 2

—+——=—=R=30cm
10 -30 R
(n-1) 1111
R f 20
5
Ln=—=
2

The faint image is erect and virtual.
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