CHAPTER

Geometrical Optics

SECTION A - PLANE MIRROR 2.2
1. Properties of light
@ Speed of light in vaccum, denoted by c¢, is equal

to 3 x 10® m/s approximately (i)
(ii) Light is an electromagnetic wave (proposed by

Maxwell). It consists of varying electric field and

magnetic field.
(iii)  Light carries energy and momentum.
(iv) The formula v = fA is applicable to light.

E
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propagation
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2. Ray optics

Ray optics treats propagation of light in terms of

rays and is valid only if the size of the obstacle is

much greater than the wavelength of light. It (i)

2.1

concerns with the image formation and deals with
the study of the simply facts such as rectilinear
propagation, laws of reflection and refraction by
geometrical methods.

Ray

A ray can be defined as an imaginary line drawn
in the direction in which light is travelling. Light
behaves as a stream of energy propagated along
the direction of rays. The rays are directed
outward from the source of light in straight lines.

Beam of Light

A beam of light is a collection of these rays. There
are mainly three types of beams.

Parallel beam of light

Y V VY

A search light and the headlight of a vehicle
emit a parallel beam of light. The source of
light at a very large distance like sun
effectively gives a parallel beam.
Divergent beam of light

The rays going out from a point source generally
form a divergent beam.

Convergent beam of light

A beam of light that is going to meet (or converge)
at a point is known as a convergent beam. A
parallel beam of light after passing through a
convex lens becomes a convergent beam.

\
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o
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3.

Geometrical Optics

Reflection

When a ray of light is incident at a point on the
surface, the surface throws partly or wholly the
incident energy back into the medium of incidence.
This phenomenon is called reflection.

Surfaces that cause reflection are known as
mirrors or reflectors. Mirrors can be plane or
curved.

Convex mirror

In the figure 1.5,

O is the point of incidence, AO is the incident ray,
OB is the reflected ray, ON is the normal at the
incidence.

Angle of incidence

The angle which the incident ray makes with the
normal at the point of incidence is called the angle
of incidence. It is generally denoted by '7'.

Angle of reflection

The angle which the reflected ray makes with
the normal at the point of incidence is called the
angle of reflection. It is generally denoted by 'r'.

Glancing angle

The angle which the incident ray makes with the
plane reflecting surface is called glancing angle.
It is generally denoted by 'g'.

g=90°—1i (1

(i)

The angle of incidence is equal to the angle of
reflection, i.e., £Li = Zr

These laws hold good for all reflecting surfaces
either plane or curved.

Some important points

()

(i)

(iii)

If£i=0, Zr=0,1i.e., ifaray is incident normally
on a boundary, after reflection it retraces its path.

<> E /C < g
Plane mirror

Concave mirror

Convex mirror
None of the frequency, wavelength and speed
change due to reflection. However, intensity and
hence amplitude (I oc A%) usually decrease as there
is loss of energy.

If the surface is irregular, the reflected rays on
an incident beam of parallel light rays will be in
random direction. Such an irregular reflection is
called diffused reflection.

PLANE MIRROR

Plane mirror is formed by polishing one surface
of a plane thin glass plate. It is also said to be
silvered on one side.

3.1 Law 9f reflection - it is symbolically  Reflecting side
@) The incident ray, the reflected ray and the normal [ thin transparent plate | ted
. . L represented as Polished side
to the reflecting surface at the point of incidence, polished surface
all lie in the same plane.
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Geometrical Optics
PLANE MIRROR Example 1

A beam of parallel rays of light, incident on a plane A mirror is inclined at an angle of 45° with the

mirror will get reflected as a beam of parallel reflected horizontal and one end of the mirror is at the

rays. origin, an object is kept at x = — 2 cm. Locate
its image

Formation of image by a plane mirror.
From the argument of similar triangles
OM =M
i.e., perpendicular distance of the object from the

mirror = perpendicular distance of the image from

the mirror

Image is at y = -2 cm.

4.1 Image of an extended linear object
Draw the images of the extreme points and joined
them with a straight line

< > < >R

a a \
O 1
Steps to draw the image :
@) Drop a perpendicular on the mirror and extend it ASTg R d B
on the back side of the mirror.

(i) Image always lie on this extended line . .
Properties of image of an extended

(iii)  To exactly locate the image, use the concept: object, formed by a plane mirror

Perpendicular distance of the object from the 1. Size of extended object = size of extended image.
mirror is equal to the perpendicular distance from 2. The image is erect, if the extended object is placed
the mirror of the image. parallel to the mirror.
B B'
A A’
i ) "‘*3‘:, 3. The image is inverted if the extended object lies
OS——(g><7g >'1I N . !
perpendicular to the plane mirror.
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Geometrical Optics

B<——eAE Ale——B'

4.

common direction of incident
lights from points A and B

Object
A

If an extended horizontal object is placed infront
of a mirror inclined 45° with the horizontal, the

Image
A' 9

image formed will be vertical. See figure.

Horizontal incident rays on the
mirror get reflected in vertical
direction. So the image of
extended object will be vertical

A (image)

Sol.

An unnumbered wall clock shows a time of 8 :
12 where 1% term represents hours, 2™ represents
minutes. What time will its image in plane mirror

show.

Image shows 3: 48

2 ) B
2 () B A

45°

Short trick

Draw watch on paper and then see it from reverse side.

Field of view

Area in which reflected rays exists is called field
of view. It is the area from which an observer
can see the image of an object. If the observer is
outside this area, he will not be able to see the
image although the image will be there.

field of
Field of . view
view 7~ R T, \
el
O Lo s
'r' \‘
M
(@)

Example 3

A man is travelling on the
road along AB. Find the
length of the road for which
the image will be visible to

him.
(A) ¢ (B) 3¢
C)1.57¢ (D) 2¢

Sol.  In the ray diagram shown

A AQC ~ A DMC 2

X 3d T

e X

/2 d l
3 Q
= X= 7
path €<—
". Total length—3—€+3—€
o 2 2

= 3/ (option = B)

Q

path «—

Most of the problems in optics invoving geometry
can be solved by using similar triangles.
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Geometrical Optics

4.3 Field of view of extended linear
object

Common field of view of extreme points of the
object will be the field of view of extended linear

object

common field
of view

Here,

v,; = velocity of image with respect to ground
Vo = velocity of object with respect to ground.
Ve = velocity of mirror with respect to ground.
There will be no change along y and z directions.
If the plane mirror is in y - z plane.

Valid only for perpendicular component of

velocity to the mirror.

Sign Convention:-Direction of incident liht (along
principal axis) is taken to be positive and distances
are measured from the mirror (along principal
axis).

Relation between velocity of object
and image

4.4

Sol.

Example 4

An object moves with 5 m/s towards right while
the mirror moves with 1 m/s towards the left as
shown. Find the velocity of image.

Take — as + direction. object
—>
V.-V =V -V, 5m/s 1m/s
= v.-(-1)=(1) -5
mirror

v, = —Tm/s

ObieCt Ime:ge = 7 m/s and direction towards left.
X
In the situation
shown in figure,
From mirror property : find the velocity
X, =X, of image.
Yim = Yom

andz, =z

Here x, means 'x' coordinate of image with
respect to mirror. Similarly others have meaning.
Differentiating w.r.t time, we get

V(im)x - V(om)x

Viimy — Viomy
V(im)z = V(om)z

= For x axis
Vie ™ Vg T v,

\%

oG mG)

oy = Vic T Vg
mG 2

Sol.

Along x direction, applying
Vi B Vm - (VO_ Vm)
v, — (= 5 cos 30°) = — (10 cos 60° — (=5 cos

30°)) v,==5(1+ 3)m/s
Along y direction
v, =V,

v, =10 sin 60° = 5,/3 m/s
Velocity of the image

= —5(1++/3)i+5+/3] m/s
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4.5

Geometrical Optics

Deviation produced by a Plane mirror Case II :
Deviation is defined as the angle between directions
of the incident ray and the reflected ray (or, the
emergent ray). It is generally denoted by o.

N

d, = clockwise deviation at A = 180° — 2 i,

v d, = clockwise deviation at B = 180° — 2 i
A Now, from A OAB, we have

2

Here, /A OB=5 or 0+ (90°— i, )+ (90°— i) = 180°
— / AOA' — / AOB — i +i=0

=180°—-2i or, &=180°-2i Hence, net clockwise deviation = 8, + 8,

- (180° - 2i) + (150°~ 2

Sol.

Two plane mirrors are inclined at an angle 0 =360°—2(i, +1i,)

with each other. A ray of light strikes one of =360°—20

them. Find its deviation after it has been o NE e e dlea e
reflected twice-once from each mirror. — 360° — (360° — 20) = 20
Case I:

8, = clockwise deviation at A = 180° —2 i, Example 7

d, = anticlockwise deviation at B = 180° — 2i, il e esii

Now, from A OAB, we have
ZBOA + £ OAB + £ ABO = 180° Sol.  Angle of deviation = 90°
0+ (90°—1)+ (90° + i) = 180°

= i, —i,=0

As iy i 8 <3,

Hence, the net angle anticlockwise deviation =3, — 8,
= (180° — 2i,) — (180° — 2i,) Find out the angle of deviation
=23, —1i,) =20

OR

Total angle of deviation

=5, +8, = (180 - 2i) - (180 - 2i, ) CW

=2(iy —i,)CW

Mortion Education | 394 - Rajeev Gandhi Nagar |©: 1800-212-1799 | url : www.motion.ac.in | Page No. # 12




Sol.

8, = For I" reflection
= 1 — 2i (clockwise)

8, = For 2™ reflection

T
=T — 2(5— 1) (clockwise)

=2i

5.,.=98 +59,
=n—2i+2i
=7

4.6 Realorvirtualimage/Object

Object and Image
Object is defined as

incident rays. Image is defined as point of
intersection of reflected rays (in case of
reflection) or refracted rays (in case of refraction).

1
........... .
2_K " virtual point For case 1:
object Angle by which the Reflected rayn should rotate = 30°
(CCW)

incident side

incident side

real point object Rays

from a point source

reflected side

reflected side

real
image

object virtual point

Geometrical Optics

. A
fixed
incident
ray

5. ROTATION OF MIRROR

For a fixed incident light ray, if the mirror be rotated
through an angle 0 (about an axis which lies in
the plane of mirror and perpendicular to the plane
of incidence), the reflected ray turns through an
angle 20 in same sense.

See figure M, N, and R, indicate the initial position

of mirror, initial normal and initial direction of
reflected light ray respectively. M,, N, and R,
indicate the final position of mirror, final normal
and final direction of reflected light ray respectively.
From figure it is clear that £/ ABC =2¢ + & =2(¢

+0) or 6 =26.

By what angle the mirror must be rotated such
that the reflected ray becomes vertical.

point of intersection of

1 and 2 have originated

real -

Image

Angle by which the mirror rotates =

Sol. The diagram below shows the four ways in
which the reflected ray can become vertical.

00

= 15°(CCW)
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Geometrical Optics

For case 2 :

Angle by which the Reflected ray should rotate
=150° (CW)

Angle by which the mirror rotates = 75°(CW)
For case 3 :

Angle by which the Reflected ray rotates
=300°(CW)

Angle by which the mirror rotates = 150°(CW)
For case 4 :

Angle by which the Reflected ray rotates
=210°(CCW)

Angle by which the mirror rotates = 105°(CCW)

But case (2) & case (3) are not possible as the L.R.
falls on the polished part of mirror after rotation of
MIITor.

Answer is 15° (CCW)and 105°(CCW)

Example 10

Sol.

A mirror is placed at the centre of a sphere and
it is rotating with an angular speed ®. Incident
light falls on the mirror at the centre of the
sphere. Find the linear speed of the light spot
on the sphere?

Angular speed of mirror = ®
Angular speed of Reflected Ray = 2®
Speed of light spot on the mirror : 2m(R)

Example 11

Sol.

In the previous question instead of spherical wall
there is a vertical wall at a perpendicular
distance d from the point where the light is
incident. Find the linear speed along the wall.

=2 o d sec’0

6.1

OR

Considering an instantaneous circle of radius
dsecH.

v, = 20dsecO
(2wdcosH is a component of v.)
v cos 0 = 2mdsecO

B 2mdsecO

= 2md sec’0
cos0

=V

IMAGES FORMED BY TWO
PLANE MIRRORS

If rays after getting reflected from one mirror
strike second mirror, the image formed by first
mirror will function as an object for second mirror,
and this process will continue for every successive
reflection.

Images due to parallel plane
mirrors

Example 12

Sol.

Figure shows a point object placed between two
parallel mirrors. Its distance from M, is 2 cm and
that from M, is 8 cm. Find the distance of images
from the two mirrors considering reflection on
mirror M, first.

<

N

1

2cm
—

8cm

TITTTTITTIn . <

;g

To understand how images are formed see the
following figure and table.

You will require to know what symbols like I,
stands for. See the following diagram.
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Geometrical Optics

Ly
This last number '1" indicates

that light rays are reflected
from mirror '1"i.e. M,

——> | is object in this case.

Incident Ref. Ref. . Object Image
Object Image . .
rays by rays distance  distance
Rays 1 | My |Rays 2 O 11 AO=2cm Al;=2cm
Rays 2 | M, |Rays 3 11 l1o Bli=12cm | Blj,=12cm
Rays 3 M1 Rays 4 |12 |121 A|12=22Cm AI121=220m
Rays 4 M2 Rays 5) |121 |1212 B|121=32Cm B|1212=320m

Similarly images will be formed by the rays
striking mirror M, first. Total number of images
= w'

Example 13

Two plane mirrors are kept parallel to each other
at a distance of 2 cm. An object is kept at the
midpoint of the line joining them. Locate the
images by drawing appropriate Ray diagram.

2

~ N Cd
1cm 1cm

I Irirrniniiig

ITITTTTITETTTTITTTITITTITITIT

.
LU NIRRT

T, IIIIII'HIIIIIIIIIIIIIIIIII

1cm 1cm

Thus, it forms an A.P.

Example 14

Consider two perpendicular mirrors. M, and M,
and an object O. Taking origin at the point of
intersection of the mirrors and the coordinate
of object as (X, y), find the position and number
of images.

Sol.

TTTRTTITITIITIFI
- -

Extension of mirror M,

&
|21

Rays 'a' and 'b' strike mirror M, only and these
rays will form image I, at (x, —y), such that O
and I, are equidistant from mirror M. These rays
do not form further image because they do not
strike any mirror again. Similarly rays 'd' and 'e'
strike mirror M, only and these rays will form
image I, at (=X, y), such that O and I, are
equidistant from mirror M.,.
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6.2

Geometrical Optics

Now consider those rays which strike mirror
M, first and then the mirror M.
For incident ray 1,2 object is O, and reflected
rays 3, 4 from image L,
Now rays 3, 4 incident on M, (objectis I,) which
reflect as rays 5, 6 and form image I, . Rays 5,
6 do not strike any mirror, so image formation
stops.

(M forms image |,,

(M, forms image M2 of object O)
l,, of object I,)
(—x y) (X y)
Extension M
of mirror M, °
(=x,-y)
|21
I, and I, , are equidistant from M, . To

summarize see the following figure Now rays
3,4 incident on M, (object is 1) which reflect
as rays 5, 6 and form image I, . Rays 5, 6 do
not strike any mirror, so image formation stops.
For rays reflecting first from M, and from M.,
first image I, at (x, —y)) will be formed and this
will function as object for mirror M, and then
its image I, (at (—x, —y)) will be formed. I,
and I, coincide.
Three images are formed

Locating all the Images formed by
two Plane Mirrors

lp1(0 + 2B)
l(a)

. and so on o
Consider two plane mirrors M, and M, inclined

at an angle O = o + 3 as shown in figure. Point
P is an object kept such that it makes angle o
with mirror M, and angle B with mirror M,.
Image of object P formed by M, denoted by I,
will be inclined by angle o on the other side of
mirror M .

6.3

This angle is written in bracket in the figure
besides I,. Similarly image of object P formed
by M,, denoted by I, will be inclined by angle 8
on the other side of mirror M,. This angle is
written in bracket in the figure besides 1,. Now
I, will act as an object for M, which is at an
angle (o + 23) on the opposite side of M. This
image will be denoted as I, and so on. Think
when this process stop [Hint : The virtual image
formed by a plane mirror must not be in front of
the mirror of its extension. ]

Circle concept

All the images formed will lie on a circle whose
centre is the intersection point of the mirror and
radius equal to distance of object from the
intersection point

NUMBER OF IMAGES FORMED BY
TWO INCLINED MIRRORS.

. 360° )
if g~ even number.; number of image
_ 360 q
0
360° )
If 0 odd number ; number of image
_ 360 1

If the object is placed on the angle bisector.

360°
If

= odd number ; number of images

~360°

B

If the object is not placed on the angle bisector.

o

360° .
If #1nteger , then the number of images

= nearest even integer.
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Geometrical Optics

Example 15

Two mirrors are inclined by an angle 30°. An
object is placed making 10° with themirror M.
Find the positions of first two images formed
by each mirror. Find the total number of images
using (i) direct formula and (ii) counting the

images.
Sol. Figure is self explanatory.
0
M,
object
) 20° M
20°
40°
Number of images
(1) Using direct formula
336(23 =12(even number)

number of images = 12 — 1 =11
(i) By counting
Consider Fig. 1.25

Image formed by Mirror M,
(angles are measured from
the mirror M,)

Image formed by Mirror M,
(angles are measured from
the mirror M,)

10°

20°
+30°

MAS

50° 40°

+30°

70° 80°

110° 100°

+30°

130° 140°

+30°

170° 160°

+30°

Stop because next angle

; Stop because next angle
will be more than 180°

will be more than 180°

To check whether the final images made by the
two mirrors coincide or not : add the last angles
and the angle between the mirrors. If it comes
out to be exactly 360°, it implies that the final
images formed by the two mirrors coincide.
Here last angles made by the mirrors + the angle
between the mirrors = 160° + 170° + 30° = 360°.

Therefore in this case the last images coincide.
Therefore the number of images = number of
images formed by mirror M, + number of
images formed by mirror M, — 1 (as the last
images coincide) =6+ 6 — 1 = 11.

8. MINIMUM LENGTH OF THE
MIRROR TO SEE FULL IMAGE.

Example 16

Show that the minimum size of a plane mirror
required to see the full image of an observer is
half the size of the observer.

Sol.  See the following figure. It is self explanatory if
you consider lengths 'x' and 'y' as shown in

figure.
H
y e~_ e H
X My e
4 5"
N R H : head
(Eye)EY 3 F : feet
X+y
y
e . |
M- mage of
2
observer
y
Ty IIIIIIIIIIIIIIIIIIII}; T
z z
Aliter :
AEM,, M, and AE H' F' are similar
MM,_2
H'F'" 2z

or M,M,=H'F'/2=HF/2
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Geometrical Optics

Example 17

Show the Part of the image which man can see

in the mirror as shown in the figure.

Sol.
Vector — form
n
b
a
7
a = Unit vector along the incident ray
A = Unit normal vector
b = Unit vector along the reflected Ray
b=4a-2(@.0h)n
Section B - Mirror formula

Magnification.

9. SPHERICAL MIRROR

9.1 Some Important Definitions
(i) Spherical Mirrors

Concave mirror Convex mirror

b Tt
B This part man
A can see

and

(ii)

(iii)

(iv)

(v)

(vi)

Paraxial Rays

The ray which have very small angle of incidence
are known as paraxial rays.

Pole or Vertex

It is a point on the mirror from where it is easy to
measure object and image distance.

In Fig. 1.27, the point P is the pole.

)

Centre of curvature

The centre C of the sphere of which the spherical
mirror is a part, is the centre of curvature of the
MirTor.

Radius of curvature (R)

Radius of curvature is the radius R of the sphere
of which the mirror forms a part.

Principal axis

_ p C
C y Principal Principal
axis axis

Line joining pole and centre of curvature of the

mirror is known as principal axis or optical axis.

R—Bsece
2

R R
If 6 is very small : R—Esecezz
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Geometrical Optics

(vii) Focus (F)
Sol. In AFF'P

If the rays are parallel to principal axis and paraxial,
then the point at which they appear to converge is i ) =
known as focus. Distance of focus from pole is R/2

f
h=f0 (0 is small).

S 0/
N:// If the rays are parallel and paraxial but not parallel to
> \'\/g EETT optic axis then they will meet at focal plane.
> <\\\ Example 19
Concave Mirror Find the angle of incidence of a ray for which
Convex mirror reflected ray passes through the pole. Given MI ||

(viii) Focal Length (f)

Focal length is the distance PF between the pole cP
P and focus F along the principal axis.
(ix) Aperture
The line joining the end points of a spherical mirror
is called the aperture or linear aperture.
Sol. ZMIC=ZCIP=60
MI || CP £ MIC =/ ICP =6
Aperture Aperture Aperture CI=CP=R
Z CIP=ZCPI=0
.. In ACIP all angles are equal
Focal plane 30 =180°
= 0 = 60°

Plane passing through focus and perpendicular

to the optical axis called focal plane.
Example 20
Example 18 Find the distance CQ if incident light ray parallel

Find distance of focal plane where parallel and to princip.al axis is in‘cic‘lent at an angle i. Also
paraxial rays (which are not parallel to optic find the distance CQ if i — 0.
axis) meet after reflection.

Sol.
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Geometrical Optics

) R
cos 1= _2CQ

R
Q= 2cosi

As 1 increases cos i decreases.

Hence CQ increases

So, paraxial rays meet at a distance equal to R/
2 from centre of curvature, which is called focus,
Principal focus (F) is the point of intersection
of all the reflected rays for which the incident
rays strike the mirror (with small aperture)
parallel to the principal axis. In concave mirror,
it is real and in the convex mirror it is virtual.
The distance from pole to focus is called focal
length. Aperture (related to the size of mirror)
is the diameter of the mirror.

% %

' A
C/Fg C/Fg

Concave mirror

9.2

Convex mirror

Rules for Image Formation

The reflection of light rays and formation of
images are shown with the help of ray diagrams.
Some typical incident rays and the corresponding
reflected rays are shown below.

A ray passing parallel to the principal axis, after
reflection from the spherical mirror passes or
appears to pass through its focus (by the definition
of focus)

C P
/ F g p%?% F C

VA
S

A ray passing through or directed towards the
centre of curvature, after reflection from the
spherical mirror, retraces its path (asfor it £Zi =0
and so £ r=0)

9.3

It is easy to make the ray tracing of a ray incident
at the pole as shown in below.

Relation Between u,v and R for
Spherical Mirrors

<P

0 C/I;;égp

Consider the situation shown in figure. A point

object is placed at the point O of the principal
axis of a concave mirror. A ray OA is incident on
the mirror at A. It is reflected in the direction Al
Another ray OP travels along the principal axis.
As PO is normal to the mirror at P, the ray is
reflected back along PO. The reflected rays PO
and Al interesect at | where the image is formed.
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Geometrical Optics

Let C be the centre of curvature. The line CA is
the normal at A. Thus, by the laws of reflection,
Z0OAC = ZCAL Let a, B, vy and 0 denote the
angles AOP, ACP, AIP and OAC respectively.
As the exterior angle in a triangle equals the sum
of the two opposite interior angles, we have,

from triangle OAC

p=a+0 (1)
and from triangle OAI
Y=o +26. )

Eliminating 6 from (i) and (ii),
B=aty. )

If the point A is close to P, the angles o, Bandy g g
1.

are small and we can write

_ AP _ AP

“~ po B=c

dve 2P 1,12
A po " p1_pc @

The pole P is taken as the origin and the principal
axis as the X-axis. The rays are incident from
left to right. We take the direction from left to
right as the positive X-direction. The points O, |
and C are situated to the left of the origin P in the
figure. The quantities u, v and R are, therefore,
negative. As the distances PO, PI and PC are
positives, PO = — u, Pl = — v and PC = — R.
Putting in (4),

1 1 2

_t—=—

-u -v —-R

1,12 s
or —Hto= (5)

Although equation (vii) is derived for a special
situation shown in figure, it is also valid in all other
situations with a spherical mirror. This is because
we have taken proper care of the signs of u, v
and R appearing in figure shown.

3.

C = Centre of curvature
R = Radius of curvature

a
S

Concave

Reflecting Surfaces Reflecting surface

Sign Convention

All distances are measured from the pole of the
spherical mirror along the principal axis. (Pole is
considered as origin)

Distances measured along the principal axis in
the direction of the incident ray are taken to be
positive while the distance measured along the
principal axis against the direction of the incident
ray are taken to be negative.

Distances measured above the principal axis are

taken to be positive while distances measured
below the principal axis are taken to be negative.

Example 21

(©)
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Geometrical Optics

Figure u \ R f 1 1 1 1 -1 1
So.b, —=——+— = —=—+—

@ Ve Ve Ve -Ve f u v 10 5 v

b) Ve +Ve Ve Ve _ 1.1 1 _2-1 1

v 5 10 10 10

(c) Ve +Ve +Ve +Ve
v =+ 10 (Virtual image)

Important Points Regarding Sign Convention 9.5 Magnification
@) Convention concides with right hand co-ordinate

(or new Cartesian co-ordinate system).

(ii) In this sign convention, focal length of a concave

mirror is always negative while the focal length
of a convex mirror is always positive.
Assume the pole to be (0, 0).

Example 22

Find the position and type of image formed. 9.5.1 Transverse Magnification
R=200m A ABO ~ A A'B’O

h, _h, h_ v

Q TITW T M™Th v
e 0.0) ° The abov§ formula is valid for both concave and

convex mirrors.
° Above the optical axis is considered positive and
1 1 1 below to be negative
Sol. i o + v ° h,, h;, v and u should be put with sign.

9.5.2 In case of successive reflections from
1 -1 1 mirrors, the overall lateral magnification is
= E=%+; given by m; x m, X My ey where m , m,
etc. are lateral magnifications produced by
I -1 1-3 -2 -1 individual mirrors.

= Yt —=—=—=—
30 10 30 30 15 ™

z
\%
V= — e (el merg) Using above relation, following conclusion can

be made (check yourself).
Example 23

Find the position and nature of image formed. Nature of Nature of Nature of
Object Image Erect
R=20cm Real Real Inverted
Q Real Virtual Erect
(0,0)
5cm Virtual Real Erect

Virtual Virtual Inverted
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9.5.3 From previous formula we get 9.6

f f-v . . . (i)
(just a time saving formula)

Example 24

Find the position, height and type of image.

f=10cm
4cmT (ii)
10cm E({Q F
ne f=10cm
LI 4cm ’T‘
188 (i)
1 1 1
==—dt—
f v u
+H_1 1
10 v 10
iv
a1 )
=~ V10 10

= V=+5cm

h _ =5
4 -10
= h=+2cm
Hence image is virtual, erect & diminished.

Cases for image formation by
concave mirror

When the object is at infinity

The image is formed at F. It is real, inverted and
highly diminished.

When the object lies beyond C (i.e.,
between infinity and C)

-
0
C@P
|

The image is formed between F and C. It is real,

mverted and diminished.
When the object liesat C

0
C P
K

The image is formed at C it is real, inverted and

of same size.
When the object lies between Fand C

Q a
C P

N

/

The image is formed beyond C (i.e., between C
and infinity). It is real, inverted and enlarged.
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(v)

(vi)

9.7

Geometrical Optics

When the objectisat F
The image is formed at infinity. It is real, inverted
and highly enlarged.

ZCF EP @
When the object lies between Pand F
T (ii)
/C P
9.8

The image is formed behind the concave mirror. (i)
It is virtual, erect and enlarged (magnified).

Longitudinal Magnification

1 1 1

v u f

By differentiating

— =0 (i)

Longitudinal magnification when the size of object
is quite less with respect to its distance from the
pole.

Above formula is valid only when the length of
object is very small as compared to the distance
of object from the pole.

dv — length of image

du — length of object

u — object distance from the pole.

v — Image distance from the pole.

Example 25

Show the approximate image of AB in following

%

casces.

A
—
CF<\§ CF§

% %
T e &

Cases for image formation by
convex mirror
When the object is at infinity

©
=
/ N F
&

The image is formed at F. It is virtual, erect and
highly diminished.

When the object lies in between infinity
andP

The image is formed between P and F. It is virtual,
erect and diminished.

In case of image formation, unless stated
otherwise, object is taken to be real and we
consider only rays that are close to the principal
axis and that make small angles with it. Such rays
are called paraxial rays. In practice, this condition
may be achieved by using a mirror whose size is
much smaller than the radius of curvature of the
surface. Otherwise the image will be distorted.
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Section C -

9.9
(a)

Object is real
image is real

Geometrical Optics

Vv

Object real

— image virtual

_f\l

Object is virtual
Image is real

1-C

For concave mirror
\"

Obiject is virtual

Object real, image is virtual

image virtual

[

L

s Object is virtual
Image is real

For convex mirror

Velocity in Spherical Mirror

Velocity in Spherical Mirror :
Velocity of image

Object moving along principal axis :
On differentiating the mirror formula with respect

o i . dv v? du h dv h
0 time we get — =———— where —— is the
& Tt u’® dt dt

du
velocity of image along Principal axis and m is

the velocity of the object along Principal axis.
Negative sign implies that the image, in case of
mirror, always moves in the direction opposite to
that of object. This discussion is for velocity with
respect to mirror and along the x axis.

Hence above equation can be written as

2
vV

VIM ) (VOM)
u

Example 28

Find velocity of image in the given figure.

1 cm/sec
f=10cm
2 cm/sec
o EF’
) 30cm ((f
Sol. Here u=-30cm
f=—10cm
From using mirror formula,
I 1 1
—dt===
v u f
v=—15cm
2
\
V1M=__2(V0M)
u
15
—=D=-]—| 2-(-1
Vo (30]< 1)
7
= V,=- 1 cm/sec.
(b) Object moving perpendicular to

principal axis
From the magnification formula we have,

=—— -V
h u or hi - uho

If a point object moves perpendicular to the
principal axis, x coordinate of both the object &
the image becomes constant. On differentiating

the above relation w.r.t time, we get,

dh __vdh,
dt u dt

Here, —*
dt

perpendicular to the principal axis and d_tl

denotes velocity of image perpendicular to the

principal axis.
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Geometrical Optics

(c) Object moving parallel to Principal axis

— %,
|
0 C F P
=V —>i
13 u >
dv.  —v*du
v = _

"_E—uza

On differentiating equation

hi: _Xh()
u
dh, [dv 1 v du}
vy=—=-h)| ———-——
dt dt u u dt

Example 27

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
towards a receding bullet. Find the speed of
separation of the bullet and the image just after
the gun was fired.

my
Vo V1
<~ o —_—
my

Sol. Let v, be the speed of gun (or mirror) just after
the firing of bullet.

From conservation of linear momentum.

m2V0 = mIVI

m,v,

or e m, (1)

du
Now, E = rate at which distance between

mirror and bullet is increasing

=v, +v, ...(ii)
(V@
dt (v )dt
2
Here V—2 =m’ =1
u
(as at the time of firing bullet is at pole)
dv du
E:E:VI +V, ...(111)

dv
Here E 1s the rate at which distance between

image (of bullet) and mirror is increasing. So if
v, is the absolute velocity of image (towards
right) then,

A%
vV, =V, =E=V1+Vo

or v,=2v +v, . (1v)
Therefore, speed of separation of bullet and
image will be,

V.=V, TV,

=2v, +v, v,

or v.=2(v,*v,)
Substituting value of v, from equation (i) we
have,
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Section D - Cutting of Mirrors 10.1 Field of View
10. CUTTING OF MIRRORS

No. of
images=1
object

field of view

C of the image
No. of Image =1

N
%*6 “““n%
A

Figure shows a spherical concave mirror with

. 13 its pole at (0, 0) and principal axis along x axis.
E There is a point object at (—40 cm, 1 cm). Find
f the position of image.
(—40,1)
+Object
No. of image = 1 No. of image =1 E(O,O) v e
Both the parts of mirror have same hollow sphere
. . . R.0.C=10 cm
so its radius of curvature is same. Therefore  §ol. According to sing convention,
number of images formed is 1. u=—40cm
If we cut the mirror and shift it, the centre of h,=+1cm
curvature changes. For example in the figure f=—5cm
shown below, a concave mirror is cut and each 1 1 1 1 1 1
part is shifted by Imm. Then centre of curvature . - o - N = = - ﬁ 5
of each part shifts by 1mm and each part behaves _40
as 2 independent concave mirrors with its centre V= Tcm

of curvature at the new position.

° &Zi
Image-1 %% ., u
Cy —[—40)x1
1mm = h=— "V } = 7 __1oem

1
p u —40 7
c 11 mm

—40 1
g .. The position of image is (Tcm, . 7cmj

[ ]

Image-2

Therefore two images are found.
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Section E- Combination of Mirrors,
Intensity of light
11. COMBINATION OF MIRRORS

Geometrical Optics

Example 29

Sol.

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

40cm

I reflection:
Focus of mirror = — 10 cm
= u=-15cm

Applying mirror formula :
1 1 1
=== = v=—30 cm
v u f
(i.e. it forms the image in front of the concave
Mirror)
For II reflection on plane mirror :
u=-10 cm

v = 10 cm (Behind the mirror)

For III reflection on curved mirror again :
u=->50 cm (=40 + 10) from concave mirror
f=-10 cm

Applying mirror formula :

I 1 1
= —
vV u

? v=—125cm

Example 30

Find out the position of the final image formed
by two reflections. Take the first reflection from

M,.
f=10 cm
Lo £
%i:cm ‘1OCm /%/
M,

f=20cm
M,

f=20cm
f=10 cm

ForM1
1 1 1
—_=—4—
f v u
11 1
10 v 10
1_2

=~ V10

= v=+35 cm (Image will be behind M, )
ForM,: u=-60cm, f=—20cm
[Hence u = (45+10+5)]

= v=-30cm

Example 31

Find the position of the final image formed by

M,.
Q‘(%f=20cm

_\ 5
\g 15cm 30cm ﬁf

two reflections. Take the first reflection from
f=10cm
(0}
3
M, M,

Mortion Education | 394 - Rajeev Gandhi Nagar |©: 1800-212-1799 | url : www.motion.ac.in | Page No. # 28




Geometrical Optics

For M, :
f=20cm u=—10cm, f=+10cm,
= L (@) 1_+l:i:>l=l:>V=5Cm
|1<§‘150 10 v 10 Vv 5
Sol. N 1ocm 3 Hence, two images are formed one by convex
\y \\ (((6\ mirror at 5 cm behind it & the other by plane
M, M, mirror at 20 cm behind it.

For M, :

u=-30cm, f=-20cm

111 In the above case only one ray will go on the
—=—+— = v=-60cm (In front of optic axis and the one ray is not responsible

Fu v for image formation.
M,)
1 12. INTENSITY OF LIGHT
For M, :
u=(60 - 15 - 30 = 15) (behind M,) Example 33
u=+15 f=+10 v=+30 Intensity at A due to source is I without
- concave mirror, then find the intensity of A
Reversibility of rays after placing concave mirror.

Find the number and positions of all the images

formed in the figure shown below. source

f=10m
Example 32
p g( _7Screen
3

)

3 10cm 10cm
gﬂ\v f=10m

f=10m
o = screen
20cm 10om M2 \\5 7

i\)‘u e

Sol. O%; V/ 10cm
,})777 >

S

g =2

rd

P

~ ' amoy
|1 M1 \\ Tt( )
. = I l—l+l
Sol. E\ 20cpy” ~  10cm F W o
2 EIN
:\\ - 10 v 10
g = V = o0,

Intensity at A due to reflection = I.
Total intensity =1+ 1= 21
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Example 34

Intensity at A due to source is I without concave
mirror, then find the intensity of A after placing
concave mirror.

D f=10cm

= 30cm 60cm

O A
Source

Sol.
source
60 cm
P =1 x A, where P is the power of source.
=1 x 47(60)*
I i int P (I') =
ntensity at point P (I') Arcn
B 47(60)°1 B
© 4m(30)°
Now A PAB ~ AOBP
AP _AC
~ PB (D
30 R
D=—xR = —,
= P 2
The area spread in the region near point A
[A] = n(R/2)?

Power at Area of R radius = 4 [ x nR?

41x R?

w(R/2) 161

So intensity from mirror =

Total Intensity =16 [ +1=17 1

Sol.

P = Power of source

P=1x 4xn(10)’

. . P
Intensity at P (I') = Aren
P
= 4r(30° 9
R x
60 20
R
=3
Power incident on mirror
P,= éx nR’

This power will be incident on 7tx* area

IxnR?

So Intensity from mirror = m =

Sototal, I=1+1=2I
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13.

Geometrical Optics

Section F - Snell's Law, Apparent depth

and Normal shift, Refraction
through a Glass slab, Lateral
shift

REFRACTION OF LIGHT

Deviation or bending of light rays from their
original path while passing from one medium to
another is called refraction. It is due to change in
speed of light as light passes from one medium to
another medium. If the light is incident normally
then it goes to the second medium without
bending, but still it is called refraction.
Refractive index of a medium is defined as the
factor by which speed of light reduces as
compared to the speed of light in vacuum.
c speed of light in vacuum

=Y T speed of light in medium
More (less) refractive index implies less (more)
speed of light in that medium, which therefore is
called denser(rarer) medium.

Higher the value of Refractive index denser
(optically) is the medium.

Frequency of light does not change during
refraction

Refractive index of the medium relative to
vacuum

Ay &

vacuum 2

vl

air
n__ (average value)

1
1
‘water 4

(average value) =3

;3;
/2

n.
giass

13.1
(C))

(b)

Laws of Refraction

The incident ray, the normal to any refracting
surface at the point of incidence and the refracted
ray all lie in the same plane (called the plane of
incidence or plane of refraction).

sini
sinr — Constant for any pair of media and for
light of a given wavelength.

N
Incident ray
Medium 1 (n4)
Medium 2 (ny) 2Aa

N' refracted ray

This is known as Snell's Law.

sini _n, _ v, _ A
Also, sint n, v, A,
For applying in problems:-

n, sini= n, sin r

n,
n—=1 , = Refractive Index of the second
1

medium with respect to the first medium.
C = speed of light in air (or vacuum)
=3 x 10% m/s.
i & r should be taken from normal.
Special cases :
Normal incidence :
i=0
From snell's law, r = 0

N
Incident ray
Medium 1

Medium 2 i

refracted ray

When light moves from denser to rarer medium
it bends away from normal.

r>i
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. When light moves from rarer to denser medium g,

) From Snell's Law
it bends towards the normal.

p,sinO = sin 0

4 3
—x—=1sin0
= 375 g

0 = =
Smu, 5

= 0 = Sinfli
2 5

Example 35 Example 37

A light ray is incident on a glass sphere at an Find the speed of light in medium 'a’ if speed of
angle of incidence 60° as shown. Find the angles c

r, r', e and the total deviation after two light in medium 'b' is 3 where ¢ =speed of light
refractions.

in vacuum and light refracts from medium 'a' to
medium 'b' making 45° and 60° respectively
with the normal.
Sol. From Snell's Law
u, sin@ =p sin O,

c . c .
—, —sinf, =—sin0,

Sol.  Applying Snell's law 1 sin 60° = \/3sinr v, v,
= r=30°
From geometry r' =r = 30° L sin45° = - _gin60°
Again applying snell's law at second surface Va c/3
Isine= [3sinr NeR
= e=60° - v =—F
Deviation at first surface =1—r © 33

= 60° —30° = 30° (CW)
Deviation at second surface = e — 1’

= 60° — 30° = 30°(CW)
Therefore total deviation = 60°(CW)

Example 36

Find the angle 6, made by the light ray when it
gets refracted from water to air, as shown in figure.

13.2 Plane Refraction

Air
=1
0, -
< u=4/3 - - - -
Water Prove that n, sini, =n, sini,=n, sini, =n, sini,
Also Prove that if n, =n, then light rays in medium

.4
sin™" 3/5 n, and in medium n, are parallel.
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Case

or,

Geometrical Optics

APPARENT DEPTH AND NORMAL

SHIFT

I : When the object is in denser
medium and the observer isin rarer
medium (near normal incidence)

When an object O is in denser medium of depth
'd" and absolute refractive index n, and is viewed
almost normally to the surface from the outside
rarer medium (R.I. = n,), its image is seen at 1.

Which is at a distance d’ from surface AO is the
real depth of the object. Al is the apparent depth
of the object. O/ is called apparent shift.

According to Snell's law,

n, sini
n, sinr
n, ftani

n, tanr (. iandr are small angles)

n_ AB A
n,  AO AB

n, _ 1' _ apparent depth
n, d Real depth

The above formula is valid only for paraxial rays.
Distances should be taken from the surface.

n, is the reflective index of the medium from

where ray is going and n, is the reflective index

of the medium from where ray is coming

(a)

(b)

Sol.

Find the following in the figure shown below :

A%

*B
36cm

"Fé- > -
The apparent distance of the fish from the
surface as observed by the bird

The apparent distance of the bird from the
surface as observed by the fish

apparent depth _n, d'

@) Real depth n, d
1 g
4/3 36

= d=27cm

N

N, = 1 *B

d=36cm
5 |«
©
o
I
©
36cm
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Example 39

A concave mirror is placed inside water with its
shining surface upwards and principal axis vertical
as shown. Rays are incident parallel to the principal
axis of concave mirror. Find the position of final

image.
Air \ /A
Water £ — ; ir
4/3 8$ Water
30cm <= 43 3 08
R=40cm ” 66\

R=40cm

The incident rays will pass undeviated through
the water surface and strike the mirror parallel
to its principal axis. Therefore for the mirror,
object is at co. Its image A (in figure) will be
formed at focus which is 20 cm from the mirror.
Now for the interface between water and air, d
=10 cm

Sol.

Nw

n

d_
d n,

¢ =L=7.50m

n,) (43
n, 1
Velocity of the image in case of
plane refraction

d'=

14.1

N4

n2
n, 'y n,
_—= = —X
n, X = Y n,
dy n,dx n
—_— = V.=—2V
dt n, dt = S n, %

Example 40

Find the following in the figure shown below :
(a) The apparent speed of the fish as observed by the
bird
(b) The apparent speed of the bird as observed by the

fish
v l, 24 cm/s
*B
T 1 cm/s
2T R
(o 22 s
n
Sol. (a) Vis =n—2VOS
1

— Vl—1=%(12—1)

33 37
Vl = — 1: —

4 4

1
Vie=Vi—V; =3—7+24 =ﬁcm/sec
4 4
(b) n,=4/3,

n =1

n
Vis =_2Vos

n,

V,=—24, V,=+1

4
= Vi-1=3 [-24-1]

97
Vit 3
97
= Vlf: ? 12
133
= T cm/sec.
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15.

15.1

Geometrical Optics

REFRACTION THROUGH A
GLASS SLAB
When a light ray passes through a glass slab

having parallel faces, it gets refracted twice
before finally emerging out of it.

First refraction takes place from air to glass.

sini ]
So, u= sint ...(1)

N

GLASS
' r

rl

NIR
e

The second refraction takes place from glass to
air.

1 sinr

So, p sine

...(ii)
From equations (i) and (ii), we get
sini _ sine

sinr sinr

= 1=e€

Thus, the emergent ray is parallel to the incident
ray.

Apparent shift due to slab when
object is seen normally through the
slab

/

e

d"

F' Refraction

Because of the refraction at the first surface, the
image of O is formed at I,. For this refraction, the
real depth is x and the apparent depth is d'. Also,
the first medium is air and the second is the slab.

Thus,
h_d

- =
1 x HX

I Refraction

The point I, acts as the object for the refraction
at the second surface. Due to this refraction, the
image of I, is formed at L. Thus.

L Lt
— = :>d =X+ —
Hoopx+t i
t
S=x+t—x— "7

u

(L

If medium is not air, outside the slab

S — t|:1 _ l’lsurrounding :|
uslab

Important points

Shift

1. Rays should be paraxial

2. Shift is measured from the object.
Shift is independent of the distance of the object
from the slab.

4. If shift comes out +ve then it is towards the

direction of incident rays and vice versa.

Example 41

Calculate the shift produced by the slab having
thickness 15c¢m and refractive index 1.5 which
is kept in air.

2

1
Sol. shift S = t{l——} = 15{1__} =5 cm
n 3
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Example 42

Sol.

See the figure.

Find the R

distance of final M

image %’% I_I °©

formed by mirror Sem
21cm

1
1 = 3 1__ fr—
Shift ( 3/2j 1 cm

For mirror object is at a distance
= (2lecm — lem)= 20 cm

Object is at the centre of curvature of mirror.
Hence the light ray will retrace and image will
formed on the object itself.

Example 43

Sol.

Find the distance between image and the mirror
as observed by observer in the figure shown
below

n=1.5 f=40cm

20cm

" 15cm” 10cm

rd

“15cm” 10cm

shift = t(l—lJ = IS(I—EJ =5cm
n 3

u=-40cm, f=+40cm = v=+20cm
{Use 1 + 1 = 1}
u v f
the distance between mirror and the image as
observed by observer = 20 — shift = 15 cm

15.2 Apparent distance between object
and observer when both are in
different medium.

Y

dlll

Ist Refraction:

n, _ apparent distance of object from interface AB _ d'

n, Real distance of object from interface AB t,
dl — n2t1
n1

II"? Refraction:

n, _ apparent distance of I, from interface CD

n, Real distance of I, from interface CD
d "

4 +1t
2
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{tl t, } Example 44
n,| —+—*=

. . M nz. Find the lateral shift of light ray while it passes
Final distance of image from observer (d") through a parallel glass slab of thickness 10 cm
= d"+t placed in air. The angle of incidence in air is
3 o 0 °
60° and the angle of refraction in glass is 45°.
dm — n3 |:t_1+t_2+t_3:| |=60f
n, n, n, :
If object and observer are in same medium then shift r=45\__/?, e Em
formula should be used and if both are in different i o
medium then the above formula of apparent distance Lateral shift }\
should be used.
tsin(i—r 10sin(60° —45°
Sol. d= C(ESI‘ - c(os 45° :
15.3 Lateral Shift .
~ 10sin15°

The perpendicular distance between the incident = ———— =10/5sinl5°

ray and the emergent ray, when a light ray is G4
incident obliquely on a parallel sided refracting
glass slab is called 'lateral shift'.
N Section G - Critical Angle and Total Internal
AN Reflection (T.I.R.)
R 16. CRITICAL ANGLE AND TOTAL
: = INTERNAL REFLECTION (T.I.R.)
A Critical angle is the angle made in denser medium
903K for which the angle of refraction in rarer medium is
d o 90°. When angle in denser medium is more than
N’ BPS\AIR”" critical angle, the light ray reflects back in denser
C medium following the laws of reflection and the
In right - angled triangle OBK, we have interface behaves like a perfectly reflecting mirror.
ZBOK =i-r In the figure.
.o d
sin (i—r1)= OB N N N
o, d=OBsin(i—r) ..(i) i
Lr fone i rarer
In right angled triangle ON' B, we have | >7/ .20 . A ’
~ ON' ot i i
cosr—ﬁ 01r,OB—COSr i>C§r=i 5
Substituting the above value of OB in equation T : i denser
(1), we get e} N' N’ N'

d:

COsrsin(i— r) ..(13)
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16.1

(a)

(b)

Geometrical Optics

O = object
NN’ = Normal to the interface
II' = Interface

C = Critical angle :
AB = reflected ray due to T.L.R.

When 1=C
then r=90°
C=gin' 2
ny
Conditions of TIR
Circle of
illuminance
1
Hrk%goo
N2
ANYVE
28] ; 2
hi

Light is incident on the interface from denser
medium.

Angle of incidence should be greater than the
critical angle (i > ¢). Figure shows a luminous
object placed in denser medium at a distance h
from an interface separating two media of
refractive indices p_and . Subscript r & d stand
for rarer and denser medium respectively.

In the figure ray 1 strikes the surface at an angle
less than critical angle C and gets refracted in rarer
medium. Ray 2 strikes the surface at critical angle
and grazes the interface. Ray 3 strikes the surface
making an angle more than critical angle and gets
internally reflected. The locus of points where ray
strikes at critical angle is a circle, called circle of
illuminance. All light rays striking inside the circle
of illuminance get refracted in rarer medium. If an
observer is in rarer medium, he/she will see light
coming out only from within the circle of
illuminance. If a circular opaque plate covers the
circle of illuminance, no light will get refracted in
rarer medium and then the object can not be seen
from the rarer medium. Radius of C.O.1

i=c¢,r=90° AL C

v

tan c= % . (D)

from Snell's law

«—>—>

Hg SincC = p, sin90°

— sinc=Hr
Hq
W
= tanc = ——
NEETE
hu,
Hence r = \/ﬁ
“d _“r
If p =1
h
r=

NI

Example 45

Sol.

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

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

Example 46

Sol.

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

Since the incident light is in rarer medium, total

Internal Reflection cannot take place.
.41
C=sin" = =300
i)
= s 1=2C=60°
Applying Snell's Law. 1 sin 60° =2 sinr

sinr =—

_an [
— I =SIn T
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Example 47

Sol.

What should be the value of angle 6 so that
light entering normally through the surface AC
of a prism (n = 3/2) does not emerge from the
second refractingAsurface AB.

+
C B
Light ray will pass the surface AC without
bending since it is incident normally. Suppose it
strikes the surface AB at an angle of incidence i.
) C
i=90°-0
For the required condition :
90°-06>C
or sin (90°—0)>sin C
1
or cos® >sinC&cos > 3
2
e g e > —1 g
or cos 0> ~ or cos '3
Example 48

A ray of light from a denser medium strikes a
rarer medium at an angle of incidence i. If the
reflected and the refracted rays are mutually
perpendicular to each other, what is the value of
the critical angle ?

Rarer

{ (LRr)

90° Denser
i (Hp)

Sol.

Sol.

From Snell's law, we have

sini _Br Hp )

sint p, But, p= e ...(1)
_sinr

M sini

According to the given problem,
i+r+90°=180°

o, r=90°—1i

Substituting the above values of 'r' in equation

(1), we get
sin(90° — /)

H= sin/

... (1i)

or, L= cot i

o« ff 1
By definition =~ C = SI I(EJ

a1
o, C=SI 1[ ot J (using equation (ii)

or, C=sin"'(tan/)

16.2 Optical Fibre Cable

Cylindrical

i

n(-\\

Find out the range of n for which ray will show
T.L.R through curved surface.

It is required that all possible r’ should be more
than critical angle. This will be automatically
fulfilled if minimum ' is more than critical angle.

Angle r’ is minimum when r is maximum i.e.
C (Why ?). Therefore the minimum value of
r'is 90° — C.
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Geometrical Optics

For TIR. - VARIABLE REFRACTIVE INDEX
Forr If R.L. is a function of y :
= 1, =90° Taking a small element of y of width dy
wheni=90°r=C
90°-C>C = C<45°=sinC <sin45° T
1 1
= H < ﬁ =n> \/5 ji
rarer (n,) .
L= 2 Auly)
§
A dy
ldx
i H
. y r
>C 4
denser n4 I Here
i>C
A0
Graph betweend andi: i
wheni< C
d=r—1i
andn, sini=n,sinr a) Now 1 sini=p (y). sinr
. n, L. .
r =sin [—s1n1J sinp - Sind
n — =
’ m(y)
- d=sin"' [%siniJ—i (D) &y
2 [¢]
when i>C: b) tanf = x tan (90° — 1)
then o6=m-21 .(2)
d
s 1 or cotr= i
n—2C dx
T 2 f a2
~-C dy  W(y)-—sin’i
2 = x s [from (a) and (b)]

n rdx
If the angle & is between (O’E_Cj’ then :I._.
0

there are two possible values of i..
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Section H - Prism

17.

PRISM

A homogeneous solid transparent and refracting
medium bounded by two plane surfaces inclined
at an angle is called a prism :

3-D View

A VAN

J(,/‘

i

Refraction through a prism

(C))
(b)

()
(@

PQ and PR are refracting surfaces.
ZQPR = Ais called refracting angle or the angle
of prism (also called Apex angle.)
0 = angle of deviation
For refraction of a monochromatic (single wave
length) ray of light through a prism;
d=(@{+e)—(r, +r1)
and r+r,=A
d=i+e—A.

If ray crosses two surface which are inclined
to each other then we use the concept of prism

If ray crosses two plain parallel surfaces then

we use concept of slab.

So
N
| _—

Example 49

A ray of light is incident on one face of a prism
(u = 1.5) at an angle of 60°. The refracting
angle of the prism is also 60°. Find the angle of
emergence and the angle of deviation. Is there
any other angle of incidence, which will produce
the same deviation?

Angle of incidence = i = 60°
At point P,
sin60° 1.5

sint, 1
) 1
= sinr, = ﬁ
or, r, ~35°' B C
Using 1, +1,=A,
we get 1, =A-r =60°-35°" = 24°44’

sint, 1

Atpoint Q, sine 1.5

= sine = 1.5 sin 24° 44/
= sine=0.63
= e=39°
deviation =0 = (i + ) — A= 60° + 39° — 60°
=39°
If i and e are interchanged, deviation remains

the same. Hence same deviation is obtained for
angles of incidence of 60° and 39°.

Example 50

A ray of light makes an angle of 60° on one of
the face of a prism and suffers a total deviation
of 30° on emergence from the other face. If
the angle of the prism is 30°, show that the
emergent ray is perpendicular to the other face.
Also calculate the refractive index of the
material of the prism.
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Sol.

17.1

1

2)

3)

Geometrical Optics

The angle of deviation

d=(,+te)—A
Here, 6 = 30°,

i, =60°

A=30°

Hence 30° = 60° + e —30°=30°+ e

= e=0

The angle of emergence is zero. This means
that the emergent ray is perpendicular to the
second face. Since e = 0, the angle of incidence
at the second face is zero.

r,=0
Now, rtr,=A
or, r,=A=30°

We know,

sini, sin60° +/3/2
H= sinr;, sin30° 1/2

J3 =1.732

Graph between /5 and Zi
8

Smag ------------------ 7—§
8 N — ||

min

irmin 1 i=e i=90° I
(€=90°) €=imin
i=x i=y

e=y e=x

Variation of ¢ versus i (shown in Figure).

For one & (except 6 min) there are two values of
angle of incidence. If i and e are interchanged
then we get the same value of & because of

reversibility principle of light

There is one and only one angle of incidence for

which the angle of deviation is minimum.

Right hand side part of the graph is more tilted

than the left hand side.

17.2 Minimum Deviation and Condition

for Minimum Deviation

The angle of deviation depends on the anlge of
incidence in a particular way. When the angle of
incidence is small, the deviation is large. As i
increase, 0 decreases rapidly and attains a
minimum value and then increases slowly with

increase of 1. The minimum value of 8 so attained

is called the minimum deviation (3, ).

Condition

Theory and experiment shows that & will be
minimum when the path of the light ray through
the prism is symmetrical.

i.e., angle of incidence = angle of emergence
or, Ji= /¢

For the refraction at the face AB, we have

sini
—— =(Snell's law)
sint,
or, sini=pusinr,
sine
n =
and, sint,
or, sine=psinr,
pusinr, =psinr,
or, r,=r

1 2

Hence, the condition for minimum deviation is

i=eandr =r, ...(19)
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17.3 Relation Between Refractive Index

and the Angle of Minimum
Deviation

When 8 =49 _, we have
e=1
and r, =1, =T (say)
We know
A=r tr,=r+r=2r
_A
or, r=-
Also, A+d=1i+te
or, A +05 =i+i
. A+,
or, 2
The refractive index of the material of the prism
is given by
pn= E(Snell's law)
sinr
. (A +3, J
sin
2 )
or, n= ] ...(20)
sin—

If surrounding medium has refractive index = n_

. (A+8mJ
sin
n, 2

then — =
ns Siné
2

Example 51

Sol.

A ray of light incident at 49° on the face of an
equilateral prism passes symmetrically Calculate
the refractive index of the material of the prism.

As the prism is an equilateral one, A = 60°. As
the ray of light passes symmetrically, the prism
is in the position of minimum deviation.

S _A_ o =30°
> T Ty T
also, 1=49°

sini _ sin49°  0.7547

M= ginr sin30° 0.5 =15

Example 52

Sol.

17.4
(@)

The refracting angle of the prism is 60° and the
refractive index of the material of the prism is
1.632. Calculate the angle of minimum deviation.
Here, A=60°; pn=1.632

: (A+8m)
sin 5
Now, W=—"7 5"
sin| —
2)

. (60°+6mj : (60°+6m]
sin # sin #
1.632 = -

or, .(60°j " sin30°
Sin 2

. (60°+3 _
or, sin| ———] = 1632 x sin 30°
=1.632%0.5
. (60°+3
or, sin| ———=]=0.816

or, % = 54°42"

5 =49°27'

Condition for Prism

Relation between prism angle A & critical angle
C such that ray will always show T IR at BC :

Forthis (r,) > C ..(1)

For (r,),.,» T, should be maximum and
for (),

= i =90° B

& (rl)max :C lfl = 900

(1,),..=A-C
Now fromeq. i) A—C>C
A>2C A c

i.e. A> 2C, all rays are reflected back from the
second surface.
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(b)

()

Geometrical Optics

The relation between A & C such that ray will
always refract form prenormal incidence surface
BC.

Grazing

Forthis (r) <C incidenc
A-r)  <C .(it)
B

O =1+€—A

3 =90+ sin '[nsin(A-C)]-A

m

Example 53

Find the minimum and maximum angle of
deviation for a prism with angles A= 60° and p
c =15
Sol. Minimum deviation
The angle of minimum deviation occurs when i
=eandr, =1, and is given by

from eq. (2) A A-0<C
A<C

i.e. If A< C, no rays are reflected back from the

second surface i.e. all rays are refracted from

. (A4
second surface. sin 2
If 2C =2 A > C, some rays are reflected back W= v
from the second surface and some rays are sin —
refracted from second surface, depending on the 2
. . . . . _1 . A
angle of incidence. & is maximum for two values — § = 2sin (M Sm?j -A
of i N

Substituting u = 1.5 and A = 60°, we get

= i (corresponding to € = 90°) and 1= 90° )
8 =2sin"' (0.75) - 60° =37°

(corresponding to € __ ).

Maximum deviation (Grazing
incidence or Grazing emergence) :

The deviation is maximum when i = 90° or e =
90° that is at grazing incidence or grazing

For i :nsini = n, sin (A—C) emergence.
If i <1 then T.LLR. takes place at second Leti=90°
refracting surface PR. (1
= r,=C= sin- (‘J
Condition for 5 __, : 5 H
i=90° or e=90° = 1, = sin”' [5) =42°

= 1r,=A-1, =60°—42°=18°

sinr, 1
i Grazing Using — =
Grazing ,
incidence emergence . sime .u
sine=psinr,
1 1 = X Q1 o
nsin (A —-C)=sine .1.5 sin 18
= sine=0.463

e = sin"'[nsin(A — C)]
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Geometrical Optics
= e=28° Example 54

Deviation =8 _ A prism having a refracting angle 4° and

X

=(i+te)—A refractive index 1.5 is located in front of a vertical
=90° + 28° — 60° = 58° plane mirror as shown. A horizontal ray of light is
incident on the prism. What is the angle of incidence
17.5 Deviation Through a Prism of Small at the mHTOZ?
Angle

777777777

If the angle of the prism A is small, r, and r,
(ast, +r,=A)andiand e will be small.
For the refraction at the face AB, we have

sin/

JTTI777777

™ sin T,
i Sol.

or, u="" (since i and r, are small angles,
1

sini, ~i andsinr ~r,)

Y

The deviation suffered by refraction through the
small angled prism is given by

d=(u-DA =(1.5-1)x4°=2°
This gives the angle of incidence 2° at the mirror.

= For refraction at the face AC, we have

sine Example 55

B sint, Refracting angle of a prism A = 60° and its
e ) refractive index is, n = 3/2, what is the angle of
o, W= 72 (*+ eandr, are small angles, so sin incidence i to get minimum deviation. Also find
the minimum deviation. Assume the surrounding
medium to be air (n = 1).

e -eandsinr, = 1)

= e=pr Sol.  For minimum deviation,
2
Now, deviation produced by a prism r=r _A_ 30°
e . 1 2 2
0=(+e)-A Applying snell’s law at I surface
or, &= (ur, +pur,)—-A 3
o, d=nu(r, +r,)-A 1><sini=zsin30°
o, d=pA-A[wr1 +1,=A] (3
o, d=(u—-1)A ...(20) = 1=sm -
The above formula is valid for all positions of the 5. —2i_A
prism provided the angle of the prism A is small e N x
(say < 10°). — § . =2sin" (Zj 3
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Example 56

Sol.

7
For a prism, A=60°, n = \/; . Find the minimum

possible angle of incidence, so that the light ray is
refracted from the second surface. Also find §__ .
In minimum incidence case the angles will be
as shown in figure

Applying snell’s law :

. 7
1 X sin 1., = \/; sin (A—C)

7
= \/; (sin A cos C — cos A sin C)

=\/Z sin60,/1—é —cos60\/§ =l
3 7 7 2

imin=300
o =i. +90°~A =30°+90°-60°=60°.

max mi

Section I - Dispersion of Light

18.

DISPERSION OF LIGHT

The angular splitting of a ray of white light into
a number of components and spreading in
different directions is called Dispersion of
Light. [It is for whole Electro Magnetic Wave
in totality]. This phenomenon takes place
because waves of different wavelength move
with same speed in vacuum but with different
speeds in a medium. Therefore, the refractive
index of a medium depends slightly on
wavelength also. This variation of refractive
index with wavelength is given by Cauchy's
formula.

Cauchy's formula
n(A)=a+ LA
}\‘2
where a and b are positive constants of a medium.
VIBGYOR
AT freq. ¥

Such phenomenon is not exhibited by sound
waves. Angle between the rays of the extreme
colour in therefracted (dispersed) light is called
angle of dispersion.

0=25 -9, (Fig. (a))

Fig. (a) and (c) represents dispersion, whereas
in fig. (b) there is no dispersion.

white light §

3,= mean deviation or
deviation in the

red all parallel t
one anothe

%yellow =0

violet

medium

For prism of small A and with small i,
0=9,-8=(m —-n)A
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Example 57

Sol.

The refractive indices of flint glass for red and
violet light are 1.613 and 1.632 respectively.
Find the angular dispersion produced by a thin
prism of flint glass having refracting angle 5°.
Deviation of the red light is § = (1 — 1)A and
deviation of the violet light is 6 = (u, — 1) A.
The dispersion = 6 — 0

= (1, — LA
=(1.632—1.613) x 5°
=0.095°

Deviation of beam (also called mean deviation)
6=86 =M —-1)A=m

n, n and n are R.I. of material for violet, red

and yellow colours respectively.

Numerical data reveals that if the average value
of mis small u — p_is also small and if the
average value of mis large p — u_is also large.
Thus, larger the mean deviation, larger will be
the angular dispersion.

18.1

Dispersive power (o)
Dispersive power of the medium of the material
of prism is given by :
I‘lv — nr
o=—Y—°
n —1
o is the property of a medium.
For small angled prism (A < 10°) with light incident
at small angle i :
n-n 5 -6 0
e P

angular dispersion

~ deviation of mean ray (yellow)

n,+n
[n,=—=

n — 1 = refractivity of the medium for the

T

if n, is not given in the problem]

corresponding colour.

Example 58

Sol.

Refractive index of glass for red and violet
colours are 1.50 and 1.60 respectively. Find

(a) The refractive index for yellow colour,
approximately

(b) Dispersive power of the medium.

B, t+Hg  1.50+1.60
(@ u, = > - 5 =1.55
by o=HiTHe 160-150
® o T sy T8

Example 59

Sol.

Calculate the dispersive power of crown and
flint glass-prism from the following data. For

crown glass
p, = 1.522 n,=1.514
For flint glass
u, = 1.662 n, = 1.644
For crown glass
p, = 1.522 ue:1.514
Wy +u,  1.522+1.514
= = = 1' 1
> > 518
Hence, the dispersive power of crown glass
pn,—pg  1.522-1.514
=" (1.518-1) =0.01544
®=0.01544
For flint glass :
po=1.662 W, =1.644
LML Hu,  1.662+1.644
= = = 1'
ol > 5 653
Y 1.662 —1.644
o =Bt =0.0276
n'—1 (1.653-1)
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18.2 Dispersion without average deviation Thus, by (2), the net angular dispersion is
and average deviation without
5, -0, =(n, - DoA-(u' —Do'A"
dispersion v O =, mheA- (W, mDe'A”.(3)

The net deviation of the yellow ray i.e., the aver-
age deviation, is, by (1)

8, =(u, ~DA-(n,~DA" ...(4)

Dispersion without Average Deviation
If the combination is not to produce a net aver-

Figure shows two thin prisms placed in contact in
such a way that the two refracting angles are
reversed with respect to each other. Suppose, the

age deviation in the beam, 5 _should by 0. By (4),
the required condition is

refracting angles of the two prisms are A and A’ (b, —DA=(u' DA’ ...(5)
and their dispersive power are o and o' Using this in (3), the net angular dispersion pro-
respectively. duced is

Consider a ray of light for which the refractive

indices of the materials of the two prisms are p 9, =, = (1, ~DA(0-0) ..(6)

and . Assuming that the ray passes through the By choosing ® and o different and the refract-
prisms in symmetrical situation, the deviations ing angles to satisfy (5), one can get dispersion
produced by the two prisms are without average deviation.

8, =(u-DA

Average Deviation without Dispersion.
If the combination is not to produe a net dispersion,

8, -8, =0, By (iii)

and §, =(u'-DA'
As the two deviations are opposite to each other,
the net deviation is

55,5, (1, = DOA= (!, = DO'A" ..(7)
—(u-DA— (L DA’ (1) By (2), this condition may also be written as
If white light passes through the combination, the (1, —p)A= (', —p' DA ...(8)
net deviation of the violet ray is The net average deviation produced is, by (1),
8, =(n, ~DA-(n, —DA’ d=(u,—DA—(n',—DA’
and that of the red ray is i e W1 A
8 = (1, ~DA=(, ~D A’ SG DA TN
Yy
The angular dispersion produced by the combination is By (7)
6V_Br :(H’v_“’r)A_(“"v_“"r)A' (2) (“"y_l)ﬁzg
The dispersive power are given by - A o
ooty M So that the net average deviation produced by
- u,—1 the combination is
o ©
o' =——" d=(u,~DA|1-—
and O (1, =D [ m,) (9
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Example 60

Sol.

Find the angle of the flint glass prism which
should be combined with a crown glass prism
of 5° so as to give dispersion but no deviation.

For crown glass : p = 1.523; p, = 1.515
For flint glass : p " =1.688 ; u."=1.650

For no deviation

Al_(p-l
A (p-1

Ao o'A'(n'-1) _ 0.045%x4.2°x(1.65-1)
o(n—1) 0.021x(1.53-1)

Net deviation

d3+8=(qu-1)A+{ -1)A

=—11.04°(1.53-1) +4.2°(1.65-1)

=-3.12°

or,

Section J - Refraction from a Spherical
n—1 Surface
o, A'=|—— 1 A
He 19. REFRACTION FROM A
N 1= B, +Hg SPHERICAL SURFACE
’ 2 Consider two transparent media having indices
1.523+1.515 of refraction p, and p,, where the boundary
T, between the two media is a spherical surface of
radius R. We assume that p < p,. Let us consider
=1.519 a single ray leaving point O and focussing at point
, R L. Snell’s law applied to this refracted ray gives,
u'=”v;”R= RO 1,659 u, sin 0, = 1, sin 0,
—> tve
1.519-1
Al=| —— —|5° = °
(1.659—1j Sk

Example 61

Sol.

Find the angle of a prims of dispersive power
0.021 and refractive index 1.53 to form an
achromatic combination with the prism of angle
4.2° and dispersive power 0.045 having
refractive index 1.65. Also calculate the
resultant deviation.

o=0.021

o' =0.045

A'=472°
For no dispersion

®d+»'d6'=0

o, o(u—DHA+o'(u—1)A'=0

p=1.53
p =1.65

B
O M \ C I
1y U2
l€—u R
I Y =

Because 0, and 0, are assumed to be small, we
can use the small angle approximation

sin 0 ~ 0
(angles in radians) and say that

w0, =u 0, ..(1)
From the geometry shown in the figure.

0,=a+p ..(2)
andB =0, +7y ..(3)
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Egs. (1) and (3) can be combined to express 0,
in terms of o and . Substituting the resulting
expression into Eq. (2) then yields.

Ky
p= LB+
Lo+ H,y = (Hz _HI)B (4)

Since, the arc PM (of length S) subtends an angle
[ at the centre of curvature

S
TR
Also in the paraxial approxiamation
S S
“= g and y = v

Using these expressions in Eq. (4) with proper
signs, we are left with,

h_'_h:uz_“l
-u v R
o By W~y
v 1 R ..(5)

Although the formula (5) is derived for a particular
situation, it is valid for all other situations of
refraction at a single spherical surface.

Important point for above formula

Above formula is valid only for paraxial rays.
u,V,R should be put along with sign

u, is R.I. of medium in which rays is going
(refracting) and p, is the R.I. of medium from
which rays are coming (incident).

Example 62

Find the position of the image formed and draw
the appropriate ray diagram

/> R=10cm

/ n=1.5
O
©
«—>
30cm \

u=-30cm

R=+10cm

Sol.

nL, n,_n-n
A u R
15,1 _0s
= 5730 10
15_05 1
=~ 5 10 30
1505
v 3
30x1.5
= v= 05 =90 cm (Real)

/7 R=10cm

<—90 ——>
<«—>
30cm

Example 63

Sol.

Find the position of the image formed and draw
the appropriate ray diagram

R=10cm
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R=10cm
i
n=1 /V n=1.5
I c)5cm'
E_—Z.S
= v 10

= v=-6cm

Example 64

Find the position where parallel rays will meet
after coming out of the sphere and draw the
appropriate ray diagram

Sol. 1=

=

=

Il
(8]
=
5

~
=5
5
—
=
(¢}
=
=
%
A
%)
(=]
=
fav)
o
(¢)

N—

= V=

For IInd
1=- 30-20 =-10cm (from 2™ surface)

2

19.1 Velocity of Spherical Refraction

T
\

n, —n,

n n

L _

vV u R

differentiate with respect to time

n,dv n, du
+ — =

Example 65

Find the velocity of image in the figure shown

n=air

<—
307/ nz1.5
O

—
2m/s

R=10cm
L n_n-n
vV u R
1. 1 0.5
_+_:_
\% 30 1
15 1 1 1
\Y 20 30 60
v=90 cm
L n_n-n
vV u R
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By differentiating :

n, dv p, du_O

—_— _+_ —_

viidt urdt

dv_w v du
= dt w, u® dt

L A

dv 1 v? 2[90]2X2
dt 1.5u? 3

=12 m/sec
19.2 Transverse Magnification

If 1 and r are very small
tani~sini~i

tanr~sinr~r

N
c
-/
<
v
_D'

(D)

. hy )
= ix u .(2)

Again, by applying snells law :

n, sini= n, sinr

U

nixn,r ..(3)
From (1), (2), (3)

ﬁ_&m
M= h, n,\u

U

Example 66

Find the position of the image formed and draw
the appropriate ray diagram.

u=-30 cm
R=+10cm
R=10cm
n1_1 n2=1 5 ;
- -
0] \ 7
<«—> 7
30cm 7
< 120cm >
n, n, n,—n
Sol. 2 1=-z
vV u R

......
"""""

O 1L > >
<_3>\ 90cm 1r 30cm 300

ATHTRRRARRRRTR

:

30cm
< 120cm >
15 1_05
v 30 10
15 05 1
=~ v 10 30
15_05
= v 30

= v=+90cm

Distacne of this image from plane mirror = 30
cm Mirror will form the image of I, 30 cm
behind it as shown in the figure.

For the second refraction :
u=-150cm[=30+120 = 150 cm]

R=-10cm
n =15
n, =1
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Uls 05 Case II :
;+ﬁ:—_10 n, =15
L Los 1 .
v 10 100 R=+10 E
— ;:m = v=25cm (Real) v =90 cm E
x =30 cm E

Example 67

Sol.

Case I : for first Refraction

Find the value of x for which the image is formed
on the object itself.

R=10cm

Section K- Lens Maker formula and

§ Magnification, Image

0 S formation by convex and

'<T> R concave lens, Combination of
\ E lens, Cutting of lens

<—90cm——>
20. REFRACTION THROUGH THIN

LENSES
Lens

For object and image to coincide the rays
of light have to hit the surface normally or

at the pole of the mirror
A lens is a transparent medium bounded by two

refracting surfaces such that at least one of the
refracting surfaces is curved. (or spherical)

Types of lenses

Broadly, lenses are of the following types :

—
S
W
TITITimImTmma T

v 10 R/\R “NR R1/[R2
<—90cm—> R R2
1.5 05 1
> —==—==
v 10 x
Convexo-convex Equiconvex Plano convex Concavo-
lens or Biconvex lens lens convex lens
E _0.5x-10
v 10x
0 R R
R\ R, R\ [R Y [Re
15x
= =
0.5x—10
Biconcave Equiconcave Plano-concave Convexo-concave
forv=o0; 0.5x-10=0 lens lens lens lens

= x=20cm
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Principal axis

The line joining the centres of curvature of the
two bounding surfaces is called the principal axis.

20.1 Lens Maker formula

For first refraction :

e Hs

(1, —ns)
v, u- R, (1)

thickness of lens t is negligible

For second refraction :

Bs B Ms =M

VooV R,

(2

Adding (1) and (2) equation we get

1 1 M, i_l
V_E_(I 1J{R1 Rj ..(3)

Important points for the above formula :

(1
2)
)

4)
)

Rays should be paraxial
v, U, R and R, should used with the proper sign.

R, is the radius of curvature of that surface on
which the ray strikes first.

Lens should be thin.

Medium on both sides of the lens should be same.

20.2 Sign Convention (consider pole as
origin)

@) Whenever and wherever possible, rays of light
are taken to travel from left to right.

(i) Distances are measured along the principal axis
from the optical centre of the lens.

(iii)  Distances measured along the principal axis in
the direction of the incident rays are taken as
positive while those measured against the direction
of the incident rays are taken negative.

(iv)  Distances measured above the principal axis are
taken as positive and those measured below the
principal axis are taken as negative.
o~ \V I o1 Z&'

i’ \V IO
Figure 111
Figure u \ t R, R,
(1) —ve +ve +ve +ve —-ve
(i1) —-ve —ve —-ve —ve +ve
(ii1) +ve +ve +ve +ve —ve
20.3 Focus

If the rays are parallel to optical axis and paraxial
then the point where they meet or appears to meet
is known as focus of the system.

focus
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In the lens maker formula ifu — o, v=f.

LU VY e
f [ R, R,

Substituting in the lens maker formula : T
11
———=—(lens formula)
v u f
Lenses have two focii called first and second focus J A

converging Diverging

A \\V lens lens.
-—>— ®  Signs for converging and diverging lenses
_____ .{--------------. ® Focal length of lens depends on surrounding
o Ne—— 7 medium
focus | / ® If f=+ ve implies converging and if f = — ve
) A [Ifocus implies diverging lens.

A / Example 69

Calculate the focal length of the lens shown in

— > ——
\/ ....... .;:'.’ ............................. the figure.
] 30cm
| 2 focus ond focus.\\

g G
:
Calculate the focal length of a biconvex lens in
air if the radii of its surfaces are 60 cm and 15
cm. Refractive index of glass = 1.5
Sol. Consider a light ray going through the lens as
shown. it strikes the convex side of 60 cm radius 1 (p, 1 1
and concave side of 15 cm radius while coming Sol. 5 H_s = E B R_2
out.

60cm

?o

];{1 =+ 60 cm, R2 =—15cm 30cm

e R
—\

T js pt. 1
o £ 60 15

= f=+24cm
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If in the above case direction of rays is reversed.
(e ) L_L
f Mg R, R,
1 1 1
—=15-1)] ———| ——
= 7= )( 60 ( 30}}

f=+120 cm

This Illustration shows that focal length does
not depends on the direction of incident ray.

(iii)

A ray through the focus or directed towards the
focus, after refraction from the lens, becomes
parallel to the principal axis. (Principle of
reversibility of light)

F\Q\ { F
Only two rays from the same point of an object
are needed for image formation and the point where
the rays after refraction through the lens intersect
or appear to intersect, is the image of the object. If

they actually intersect each other, the image is real
and if they appear to intersect the image is said to

20.4

O

(i)

Rules For Image Formation

A ray passing through the optical centre of the
lens proceeds undeviated through the lens. (By
definition of optical centre)

P\lj\\\ 7_
Pole is the intersection of the ray which goes
undeviated through the lens and the optical axis.

A ray passing parallel to the principal axis after
refraction through the lens passes or appear to
pass through the focus. (By the definition of the

focus)

be virtual.

Example 70

Find the position of the image formed.

u=+30cm, f=+10cm

Sol.  w=——— \
f v u \\ f=10cm
1 1 1

S~
.
.
~,

10 v 30 [~
<>
1 1 1 //;v///’300m
= v 10 30 [
= V= 40 = /. Ccm

20.5 Transverse
Converging lens.
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h 21.
tan® = -2 (1
L,
h.
tan0 =— (2)
N ()
fromeq. (2)/ (1)
h _v
m= hy u
Example 71
Find the position, height and nature of the image
formed.
ii
| ,f=10cm ()
2cmT
30cm
Sol. u=-30cm
4/ -
f=+10cm |~ =10cm
h,=+2cm ZCmT &)
""""" J i
111 30cm gy ()
f v u \
1.1
= 10 v 30
1_1
= v 15
= v=+ 15cm (iv)
h v
hO
b _ 15
= 2 30
= hi =—1cm

Real, inverted, diminished

IMAGE FORMATION BY A
CONVEX LENS OF THE LINEAR
OBJECT

When the object is at infinity :

T
1

R\

The image is formed at F. It is real, inverted and
highly diminished.

When the object is beyond 2F:
AN /

Te

OF

The image is formed between F and 2F. It is real,

iverted and diminished

When the objectis at 2F :

S

2F

T ¢

The image is formed at 2F. It is real, inverted and

the same size as the object.

When the object is between F and 2F :

2F F

The image is formed beyond 2F (i.e., between

2F and o). It is real, inverted and enlarged.
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(v) When the objectisatF: Graphs for converging lens

1N T
— 4 P oF O-Real O-Virtual
F F \ I-Real I-Real

2f
The image is formed at infinity. It is real, inverted < . ¢ s
and highly magnified. —2f u
O-Real |
(vi) When the objectis between FandO: |-virtual
N
A
e 21.1 Image Formation by a Concave
: x\ Lens of a Linear Object
DY P oF (a) Real object case
u=-x, f=-f
from lens formula
. . . . . 111
The image is on the same side as the object. It is v +; =7 <
virtual, erect and magnified. 1 11 T
e . . _ v f x
(vii) Virtual object case for converginglens: If x> -
v—o>-—f
M If x>0 A
] v— 0
................... (b) Virtual object case:
of S o) \\\ ,
. Y
/, x T T
ustx o e
f=+f / '
<
111 A X

f
1 1 1 u=+x, f=—f
—_— =g —
v f x from lens formula
if x=0, vo>w 1 1 1
if x=o, v>T ;_;_?
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If x=0 —>v=0 Case II : If the image formed is virtual
If x<f; v=+u h, .
If x is just smaller than f h, -
v — oo = v=2u
If x is just greater than f, then v — — o l=l_l
f v u
If x> o 1 I 1
v f = 0 2u u
Graphs for diverging lenses. — L=_L
by 10 2u
: i = u=-5cm
O-Virtual
[-Real
: Example 73
< f S Find the linear length of the image of the object
J r _____________ ! AB shown in figure.
—f i
f=20cm
O-Real O-Virtual
[-virtual [-virtual A_5cm
2F BF
Example 71
Lo . . Sol. ForB:
An object is placed in front of a converging lens
of focal length 10 cm and image formed is double 1 = 1.1
the size of object. Then find the position of object. fvou
Case I : If the image formed is real — 1 = 1 + 1
20 v 35
s 111
hy B v 20 35
- —=-2 = yv=-2u f=20cm
u A 5cm A B'
®—> e —e---e—»
111 2F BF F 2F
f v u "~ 140/3cm
140
~ r_ 11 = v="—3cm
10 2v u
A'B" = (v,—V,)
1_ 3 140
~ 10 2u ===
= u=-—15cm 20
= m
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21.2 Velocity of the image formed by a

Example 74

lens
Findout the linear length of the image of the 1 1 1
object shown in figure. from v u f
differentiate the above eq.
N
£=20 cm S ldv Tdu
vidt u’dt
2
i N R L v
dt  u® dt
60cm |, v’

Sol. Here the length of the object is very small then

Vi =_2VOL

Example 75

1 1 1
P Find the velocity of the image of the object
By differentiating shown in the figure.
f=10cm/s
dv v’
= 1cm/sec
du u
u=-60 cm 15cm \/
f=4 20 cm _>
cm/s
L4, 0
f v 60 Sol 111
= v=30 fovou
o Lot
A 10 v 15
du u
1 1 1
e —
dv (30 v 10 15
=
1 (60) = ov=0 30.m
5
1
— dv= —mm 1 1 1
4 e =
f v u
= length of the image By differentating :
dv.  du
vidt  dtu’
dv du
= 0Ty

Differentiating in solving 73 & 74 (Trick)
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du _dv  dv_V’
T WV d W
2
. dv=ggzx(l—2)=_4(1)
= (v,—v, )=-4
= (vy—2)=-4
= v,=—2cm/s

Example 76

Find the velocity of the image of the object

shown in the figure.

f=10cm/s
2cm/s
15cm
L
Sol. h, u
h_v
= h, u
dh, vdh,
= ——=———
dt wu dt
30 )
v, = _—15X =—4 cm/sec (downwards)

21.3 COMBINATION OF LENS.

P,
P,
P =P +P,
111
—_— = —
f, f

Important points :

1) Rays should be paraxial

2) Lens should be thin

3) Lenses should be kept in contact

@) f, £, £, .. should be put with sign.

5) £, £, £ are the focal length of lenses in
the surrounding medium.

6) If feq = + ve then system will behave as

converging system.
If feq = — ve then system will behave as diverging
system.

Example 77

Sol.

Find the equivalent focal length of the
combination of lenses shown in the figure.
Surrounding medium is air.

= _4
=
N :i_f
Sem 0
R=10 cm R=10 cm
R=10 cm
This is a combination of
L_[_Z_IJ[L_LJ
f, [T R, R,
1 1
= 1.5_1 -
( )( 10 10)
= O.SX_—2
10
10
= =-10
= S5
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f3 =—10cm
1 1 1 1

—ac—dbesdb—

feq fl f2 f3

_ 2

15 10
= f = 0 - 7 cm
1.e. the combination will behave like a concae
lens.

22. CUTTING OF LENS.
22.1 Parallel Cutting

\

&

No. of images in all the cases = 1

Principle axis does not shift

(i)

Que.

b)

In the figure shown, if the lens is cut into two
equal parts and separated as shown, find the

distance between the images formed

11

f v u
d1_r 1
10 v 15
1_1 1
v 10 15
V= 5 = cm

h _v

hO
h_ 30
-1 -15

h=+ 2 (upwards)

Total distance =2 +2 +2 =6 cm
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f=10cm
! (1)
femg T $1cm
"1'6?11"%'26"' """ N M cm®

G = W

11 1
f v u
111
= 10 v 5
111
= v 10 5
= V= —ﬂ =—-10cm
5
h v
hy u
b _-10
= S
= hi =-2cm
@ I,
......... (O

Distance=1+1 =2cm

SectionL - Power of lens and Mirror,
Silverging of lens,

Displacement Method

22.2 Power of a Lens
Power =l
f

Unit : Diopters

where f is in meter

and f should be put with sign

=+ ve
=—ve

power of converging lens.
Power of diverging lens.

22.3 Power of Mirror

1
Power = i (diopter)

where /' — meter

and f should be put with sign.
Power of converging mirror = + ve
Power of diverging mirror = — ve

22.4 Perpendicular Cutting

R

0y

'\ P/2
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Example 78

Find the value of x so that the image is formed

on the object itself.

Sol.
Case I : When the lens forms the image at the pole of
the mirror
S
f v u
A 11
B 10 30 —x
4 1
B x 10 30
= x= 15cm

Case II : When the lens forms the image at the centre

of curvature of the mirror v=20cm, u= -x cm,

f=10 cm.
B I
20 x 10
1 1 1
B x 10 20
x =20 cm

Note: - For the object to coincide with its image,

the rays of light have to hit the mirror

normally.

23. SILVERVING OF LENS.

4

1.2 1
= eq fﬂ fm

1 1
=

LA 21 A ]

f, f, f,1 f,
Important points :

1) Rays should be paraxial
2) Lenses should be thin
3) All the lenses should be in contact.

“@ f,,f  should be put along with the sign.

5) If £ =—ve = concave,
cq
feq= +ve = convex,
If f = = plane mirror
cq

Example 79

Find the value of x so that the image will form
on object itself.

)

R=10cm
. % ; R=10cm
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For first refraction :

= f,=-5cm

The system is equivalent to a concave mirror

of focal length 5 cm

Object must be at the centre of curvature
x=2(5= 10cm

X

P

OR

For the object and image to coincide, the rays

of light have to hit the plane mirror normally i.e.
they should emerged parallely from the lens.

R
2 ( u— 1)

DISPLACEMENT METHOD

For the formation of the real image by convex
lens minimum distance between object and image
is 4f, f being the focal length of the lens. If the
distance between object and screen (D) is greater
than 4f then there are two positions of the lens
for which the image of object on the screen is
distinct and clear. In these two positions the
distance of object and image from lens are
interchange.

w=>u="f= =10cm

Hence v =

vh2

— d—>
4 N

D / h,
y X

N A
\ 4
N

4

u=-x h, =h,
v=-+y h.=—h
“h
h—o‘=7y (D
For second refraction :
u=-y vV=+X
h =-h, h, =h,
_h2 X
h, = y ..(2)
(1) x(2)
h;=hh, = h, =/hh,
Now D =x +y, ...(3)
d=y—-x ..(4)
After solving eq. (3) & (4)
D+d D-d
Y= =
from —t—=

Section M - Chromatic Aberration and

25.

Achromatism, Optical
Instrument + Eye + Luminous
Intensity

CHROMATIC ABERRATION AND
ACHROMATISM

The refractive index of the material of a lens varies
slightly with the wavelength and hence, the focal
length is also different for different wavelengths. In
the visible region, the focal length is maximum for
red and minimum for violet. Thus, if white light is
used, each colour forms a separate image of the
object.
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. A\
Violet
Red
g fM
Red
> \% fo Violet

Red
Violet

(b)
The violet rays are deviated more and hence, they
form an image closer to the lens as compared to
the image formed by the red rays. If light is inci-
dent on the lens from left to right, the violet im-
age is to the left of the red image for convex lens
and it is to the right of the red image for the con-
cave lens. In the first case, the chromatic aber-
ration is called positive and in the second case, it
is negative. Thus, a proper combination for a con-
vex and a concave lens may result in no chro-
matic aberration. Such a combination is called an
achromatic combination for the pair of

wavelenghts.
5
o d
< f
=
1 1 1
e (u D ———
| (1, )[Rl RJ (D
1 1
TR TR
R ¢ R1 R2 ( )

Eq. (1) —eq. (2)

L RN
fv fR - uv MR Rl R2
fo —f, _ (0, —Hg) 11
o R R,
R-Ly (uy ) 1 2
fR.fV=f12
= and f, —f =df
ﬁ_ 0
-=—
y fy
1 1 1
_——= - —
feq f1 fz
dn,_dndr,
= f2 f12 f22
for achromatism dfeq =0
df, df,
—1+—2=0
f— f12 f22
f1 f2

EXTRA PORTION OF JEE MAIN
26. OPTICAL INSTRUMENTS

26.1 Definition
Optical instruments are used primarily to
the eye in viewing an object.

26.2 Types of Instruments

Depending upon the use, optical instruments can

be categorised in the following way :

OPTICAL INSTRUMENT

Projector  Telescope

Camera Microscope

Pinhole Lens Simple  Compound

Astronomical Terrestrial

Refracting Reflecting Galilean Binocular

|

assist
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27.1

Geometrical Optics

MICROSCOPE

It is an optical instrument used to increase the
visual angle of near objects which are too small
to be seen by naked eye. Microscopes are of
two types viz. simple microscope and compound
microscope.

Simple Microscope

It is also known as magnifying glass or magnifier
and consists of a convergent lens with object
between its focus and optical centre and eye close
to it. The image formed by it is erect, virtual,
enlarged and on same side of lens between object
and infinity.

I e %
(6)
0
k—u—>§\i F
e \% > 90

Here, Magnifying power
Visual angle with instrument 0

(A)

Maximum visual angle for unaided eye 0,

h; — hy

Now, 6= — = —
v

with, 6,=h /D

9 b

Now, two possibilities are there :

Image is at infinity (far point)

If v=ocu="f(from lens formula)

D

f

u

D
M.P. = —
u

X
Flo
Il

D
So, M.P. =—=
u

Here parallel beam of light enters the eye i.e.,
eye is least strained.

(B)

Imageis at D (Near point)
In this situation, v=— D, so that,

Here final image is closest to eye i.e., eye is
under maximum strain.

27.2 Compound Microscope
< > f
L —u ;
f, E
+«—Uu — V—
o F F, . > T
F,

—

L.
\ OO
|« v,

€

\4

It consists of two converging lenses of short focal
lengths and apertures arranged co-axially.

Lens f; is the objective or field lens and f is
the eye-piece or ocular. Objective has smaller
aperture and focal length than eye-piece. The
separation between objective and eye-piece can
be varied.

Magnifying Power

© h, D h D
_eo_uexho _hoxue
But for objective,
I I
m=_ ie, hy ~u
v [p
So, M.P.——u u, where, u +p=L

Now two possibilities are there :
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(A)

Geometrical Optics

Final image is at infinity ( far point)
= f.

v | D
= MP=-—— T
u

€

where L = u + f,
L is the length of microscope it is the distance
between the two lenses

A microscope is usually considered to operate
in this mode unless stated otherwise.

(B)

Final image is at D (near point)
For eye - piece . v, = D,

In case, u = f,

andL=v+u, =v,

€

L D
so that |MP| Ef_xf_

0 S

IMPORTANT POINTS

1.

As magnifying power is negative, the image seen
in a microscope is always truly inverted, i.e., left
is turned right with upside down simultaneously.

Resolving Power : The minimum distance
between two lines at which they are just distinct
is called limit of resolution and reciprocal of limit
of resolution is called resolving power.

1

1
RP. =7 c—

Ax C5 = 2usind/a

28.

TELESCOPE

It is an optical instrument used to increase the
visual angle of distant large objects. Telescopes
mainly are of two types viz. astronomical and
terrestrial.

28.1 Astronomical Telescope:

It consists of two converging lenses placed
coaxially with objective having large aperture and
a large focal length while the eye- piece is having
smaller aperture and focal length. The separation
between eye- piece and objective can be varied.
Magnifying power

visual angle with instrument 0

~ visual angle for unaided eye 6,

Astronomical Telescope

(A)

& 0=h/(-u)

f
— M.P. = —L—‘)} with L=, +u,

€

Now two possibilities are there

Final image is at infinity ( far point)
It is called normal adjustment.
Here, v=o0 = u, =f,

So, MP.=—(f/f)  with, L=f,+1

Usually, a telescope operates in this mode unless

stated otherwise.
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Final image is at D ( near point) (A) Galilean Telescope
Here, v=D
oL ! _L_L_L[er} T
-D -u f, u, f, D %
) f.D —_— —i
with L:f0+fe+D . | ‘i

The above discussion is that of the refracting
telescope

Reflecting Telescope : If the field lens
of refracting telescope is replaced by a
converging mirror, then the telescope
becomes a reflecting one, where M.P. = f/f

~
Field ‘

1
lens iErectin g lens

f, e 2f > 2f

If a lens of short focal length f is placed at 2f
from the intermediate image. It forms an image
at a distance 2f on the other side of it and this
image will act as an object for eye- lens which
will produce erect image with respect to the
object. This lens is called erecting lens and as
for it magnification = — 1, the MP and length of
telescope for relaxed eye will be

f,

R R
MP.=—¢" ()=} L= f,+f+4f

."‘ fo

Here the convergent eye- piece of astronomical
telescope is replaced by a divergent lens.

Here M.P. = f / f with, L=1{ —f

In this telescope as the intermediate image is
outside the tube, the telescope cannot be used

for measurements. This was not the case for
all previous telescopes.

D

Resolvi f Tel = —
esolving power of Telescope = 1=
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Geometrical Optics

Exercise 1 (Level-A)

JEE Main Level

Plane Mirror

1.

A point source of light is placed in
front of a plane mirror.

(A) Only the reflected rays close to the normal
meet at a point when produced backward.
(B) All the reflected rays meet at a point when
produced backward.
(C) Only the reflected rays making a small
angle with the mirror, meet at a point when
produced backward.
(D)
Light of different colours make different
images.

[ C. 65.79%, 1.C. 26.67%, U.A. 7.54% |

Two mirrors are placed perpendicular E#aEm
to each other. A ray strikes the first =
mirror and after reflection from the
first mirror it falls on the second
mirror. The ray after reflection from
second mirror will emerge -

(A) Perpendicular to the origial ray
(B) Parallel to the original ray

(C) At 45° to the original ray

(D) At 60° to the original ray

[ C. 63.49%, 1.C. 28.07%, U.A. 8.44% |

100 cm from a plane mirror. If the
mirror approaches the object at a
speed of 5 cm/s. Then after 6 s the
distance between the object and its
image will be -
(A) 60 cm

(C) 170 cm

(B) 140 cm
(D) 150 cm

[ C. 62.61%, I.C. 29.62%, U.A. 7.77% |

A light ray is incident on a plane Eigmm
mirror, which after getting reflected [HREE
strikes another plane mirror, as
shown in figure. The angle between
the two mirrors is 60°. Find the angle
'0' shown in figure.

(A) 60° (B) 30°
(C) 45° (D) 90°

[ C. 54.36%, I.C. 35.20%, U.A. 10.44% |

A clock shows the time as 3 : 25. El. O
What will be the time that appears e
when seen through a plane mirror ?

(A)8:35 (B)9:35 (C)7:35 (D)8:25

[ C. 52.89%, 1.C. 37.42%, U.A. 9.69% |

When a plane mirror AB is placed @
horizontally on level ground at a &
distance of 60 meters from the foot M=
of a tower, the top of the tower and

its image in the mirror subtends, an

angle of 90° at B. The height of the

tower is :

g

e T
Agzrrrrrrrrrrrrrrrmmm B -
(A) 30 meter (B) 60 meter
(C) 90 meter (D) 120 meter.

[ C. 52.35%, 1.C. 39.35%, U.A. 8.30% |
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7.

10.

11.

Geometrical Optics

If a ray of light is incident on a plane EigEmE
mirror at an angle 60° from the § i
mirror surface, then deviation
produced by mirror is:

(A)30°  (B)60°

(C)90° (D) 120°

[ C. 50.28%, I.C. 41.58%, U.A. 8.14% |

Two plane mirrors are placed parallel ®=:
to each other at a distance L apart. A
point object O is placed between
them, at a distance L/3 from one
mirror. Both mirrors form multiple
images. The distance between any
two images cannot be

(A)3L2 (B)2L/3

".;.'

(©2L (D)L

[ C. 46.74%, 1.C. 43.64%, U.A. 9.62% |

If an object is placed Bl
unsymmetrically between two plane 2
mirrors, inclined at the angle of 72°,
then the total number of images
formed is-

A5
©2

(B) 4
(D) infinite
[ C. 46.30%, 1.C. 31.81%, U.A. 21.89% |

A plane mirror is movmg with Bl
velocity 4i + 5j +8k. A point i
object in front of the mirror moves
with a velocity 3i+4j + 5k. Here,
k is along the normal to the plane
mirror and facing toward the object.
The velocity of the image is-

(A) —31 + 4] + 5k
(B) 31 + 4 + 11k
(C) —31 +4j + 11k
(D) 71 + 9§ + 11k

[ C. 33.02%, I.C. 22.65%, U.A. 44.33% |

mirror. The angle between normal
and reflected ray is

(A)38°  (B)52°

(C)90° (D) 76°

[ C. 29.25%, 1.C. 27.46%, U.A. 43.29% |

12.

A man 2m tall stands Sm in front of a
large vertical plane mirror. Then the
angle subtended at his eye by his
image in the plane mirror is nearly :

(A) 0.4 rad (B) 0.2rad
(©)0.2° (D) 0.4°

[ C.26.37%, I.C. 31.28%, U.A. 42.35% |

Mirror Formula And Magnification,
Velocity In Spherical Mirror, Cutting Of
Mirrors, Combination Of Mirrors,
Intensity Of Light

13.

14.

15.

16.

A convex mirror has a focal length f.  Eg
A real object, placed at a distance fin 3
front of it from the pole, produces an
image at

A2y
(o))

(B) /12
(D) o

[ C. 58.58%, 1.C. 26.42%, U.A. 15.00% ]|

If an object is 30 cm away from a [
concave mirror of focal length 15 !
cm, the image will be
(A) errect

(C) diminished

"l;l'

(B) virtual
(D) of same size
[ C. 55.57%, 1.C. 28.04%, U.A. 16.39% |

double the focal length from the pole
of a convex mirror, its magnification
will be :
(A) —3
©) 2

(B) 3
D) -2

[ C. 47.90%, 1.C. 31.88%, U.A. 20.22% |

A concave mirror cannot form

(A) virtual image of virtual object
(B) virtual image of a real object
(C) real image of a real object

(D) real image of a virtual object.
[ C. 47.51%, 1.C. 35.71%, U.A. 16.78% |
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17.

18.

19.

20.

21.

Geometrical Optics

The focal length of spherical mirror is -

(A) Maximum for red light
(B) Maximum for blue light
(C) Maximum for white light
(D) Same for all lights

[ C. 45.72%, 1.C. 41.84%, U.A. 12.44% |

A concave mirror of radius of curvature
20 cm forms image of the sun. The
diameter of the sun subtends an angle 1°
on the earth. Then the diameter of the
image is (incm) :
(A) 27/9

(C) 20

(B) 71/9
(D) 7/18

[ C. 43.83%, I.C. 43.96%, U.A. 12.21% |

mirrors, only paraxial
considered because they :

rays

(A) are easy to handle geometrically

(B) contain most of the intensity of the
incident light
(C) form nearly a point image of a point
source
(D) show minimum dispersion effect.

[ C. 42.95%, 1.C. 47.32%, U.A. 9.73% |

A convex mirror has a focal length is
20 cm. A convergent beam tending to Eiig
converge to a point 20 cm behind gt
convex mirror on principal axis falls

on it. The image is formed at

(A) infinity (B) 40 cm
(C) 20 cm (D) 10 cm

[ C. 37.83%, 1.C. 30.41%, U.A. 31.76% |

The largest distance of the image of a mEm@E
real object from a convex mirror of
focal length 20 cm can be :

(A) 20 cm
(B) infinite
(C) 10 cm

(D) depends on the position of the object.
[ C. 36.50%, 1.C. 53.51%, U.A. 9.99% |

22.

23.

24.

A concave mirror gives an image
three times as large as the object
placed at a distance of 20 cm from it.
For the image to be real, the focal
length should be :

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

[ C. 35.76%, I.C. 35.72%, U.A. 28.52% |

In figure, the image formed after two @3

(A) erect and enlarged 2 times
(B) inverted and enlarged 2 times
(C) erect and diminished 2 times

(D) inverted and diminished 4 times
[ C. 26.22%, 1.C. 30.49%, U.A. 43.29% ]

The co-ordinates of image of point
object P formed after two successive
reflection in situation as shown in
fig. considering first reflection at
concave mirror and then at convex

-

5, =20 cm

(A) (30 cm, —14 mm)
(B) (<30 cm, 14 mm)
(C) (-30 cm, — 14 mm)
(D) (30 cm, 14 mm)

[ C. 19.32%, 1.C. 36.87%, U.A. 43.81% |
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25. In the figure shown find the total EI
magnification after two successive gz
reflections first on M; and then on

——
10cm  30cm

(A) 2 B)-2 (O)3 (D) -3

[C.9.25%, 1.C. 33.14%, U.A. 57.61% |

26. A mirror of focal length ISmiscut @
into two halves and placed before an ¥
object at a distance of 10 cm as =
shown in figure. The separation
between images formed by two
halves of mirror is :

I+ 10 cm »|

(A)3mm (B)4mm (C)5mm (D)6 mm

[C. 7.21%, 1.C. 37.15%, U.A. 55.64% |

Snell'S Law, Apparent Depth And Normal
Shift, Refraction Through A Glass Slab,
Lateral Shift

27. A ray of light is incident on one face m
of a transparent slab of thickness 15
cm. The angle of incidence is 60°. If ™
the lateral displacement of the ray on
emerging from the parallel plane is 5
v/3 cm, the refractive index of the
material of the slab is

(A) 1.414 (B) 1.532
(C) 1.732 (D)2

[ C. 43.16%, I.C. 47.49%, U.A. 9.35% |

28.

29.

30.

31.

A ray of light passes through a plane
glass slab of thickness t and
refractive index p = 1.5. The angle
between incident ray and emergent
ray will be

(A)0°  (B)30° (C)45° (D) 60°

[ C. 41.52%, I.C. 44.11%, U.A. 14.37% |

A mark at the bottom of a beaker mEamm
containing liquid appears to rise by L
0.1m. The depth of the liquid is
Im. The refractive index of liquid is :

(A)133 (B)9/10 (C)10/9 (D)1.5

[ C. 39.81%, 1.C. 34.31%, U.A. 25.88% |

A bird is flying 3 m above the
surface of water. If the bird is diving
vertically down with speed = 6 m/s,
his apparent velocity as seen by a
stationary fish underwater is

(:u’water = %)
(A)8m/s (B)6m/s (C)12m/s (D)4 m/s

[ C.19.17%, I.C. 24.28%, U.A. 56.55% |

A ray incident at a point at an angle EiEm
of incidence of 60° enters a glass ;
sphere of p = \3 and it is reflected W3
and refracted at the farther surface of

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

(A)50°  (B)90°  (C)60° (D)40°

[ C. 16.48%, 1.C. 27.78%, U.A. 55.74% |

Critical Angle And Total Internal
Reflection ( T.I.R. )

32.

The critical angle of light going from EgmE
medium A to medium B is 6. The I
speed of light in medium A is v. The
speed of light in medium B is:

A) = (B) v sin 6
(C)v cot 0 (D) v tan 6

[ C. 58.29%, I.C. 29.29%, U.A. 12.42% |
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33.

34.

35.

36.

Geometrical Optics

Two transparent media A and B are @
separated by a plane boundary. The ;
speed of light in medium A is 2.0 x
103 m s7! and in medium B is 2.5 x
108 ms™'. The critical angle for
which a ray of light going from A to
B is totally internally reflected is
(A)sin ' (1) (B)sin ' (2)
(C)sin! (3) (D) sin! (%)

5
[ C. 48.68%, 1.C. 37.89%, U.A. 13.43% |

A light ray is incident on a @EyEE
transparent sphere of index = /2 , at §ist
an angle of incidence = 45°. What is
the deviation of a tiny fraction of the
ray, which enters the sphere,
undergoes two internal reflections,
and then refracts out into air?

(A)270° (B)240° (C)120° (D) 180°

[ C. 45.44%, I.C. 44.94%, U.A. 9.62% |

Light travelling through three
transparent substances follows the
path shown in figure. Arrange the
indices of refraction in order from
smallest to largest. Note that total
internal reflection does occur on the
bottom surface of medium 2.

'"*\ 1
: 1,

11,

El

(A) ng < Iy < N3
(C) g < ng < Ny

(B) 190) < ng < ng
(D) ng < ng < oy
[ C. 43.73%, I.C. 45.45%, U.A. 10.82% |

at the critical angle. If a thin layer of ™
water (U= 4/3) is now poured on the
glass air surface, at what angle will
the ray of light emerge into air at the

water air surface?
(A) 60° (B) 30° (C) 45° (D) 90°

[ C.16.63%, I.C. 28.26%, U.A. 55.11% |

37. A ray of light travelling in water is [

38. Aray of light is incident at angle i on

39. A beam of monochromatic light is EiaEm

40. A prism having refractive index +/2 =

incident on its surface open to air.
The angle of incidence is g, which is
less than the critical angle. Then
there will be

(A) only a reflected ray and no refracted ray
(B) only a refracted ray and no reflected ray

(C) areflected ray and a refracted ray and the
angle between them would be less than

180° — 26

(D) a reflected ray and a refracted ray and the
angle between them would be greater than
180° — 26

[ C. 15.44%, I.C. 39.35%, U.A. 45.21% |

Prism

a surface of a prism of small angle A
& emerges normally from the
opposite surface. If the refractive
index of the material of the prism is
L, the angle of incidence i is nearly

equal to :

A A
A T ®) 55
(C) pA (D) pd

[ C. 51.24%, 1.C. 31.62%, U.A. 17.14% |

incident at i = 50° on one face of an
equilateral prism, the angle of M
emergence is 40°, then the angle of
minimum deviation is :

(A) 30°
(C)<30°

(B) < 30°
(D) >30°

[ C.47.11%, 1.C. 37.64%, U.A. 15.25% |

and refracting angle 30°, has one of &
the refracting surface polished. A ™
beam of light incident on the other
refracting surface will retrace its path

if the angle of incidence is :

(A)0°  (B)30° (C)45° (D) 60°

[ C. 42.71%, 1.C. 40.21%, U.A. 17.08% |
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41.

42.

43.

Geometrical Optics

A triangular prism of glass is shown
in figure. A ray incident normally on
one face is totally reflected. If 0 is
45°, the index of refraction of glass is

'iﬁ

(A) Less than /2 (B) Equal to /2
(C) Greater than /2 (D) 2

[ C. 40.69%, I1.C. 46.23%, U.A. 13.08% |

An equilateral prism deviates a ray =
through 23° for two angles of E

the prism ?

@ B BYE X mE

[ C. 39.81%, 1.C. 53.37%, U.A. 6.82% |

minimum  deviation of 38°. It =EEE
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 minimum
deviation?

(A)45°  (B)49°  (C)40° (D) 55°

[ C.37.79%, I.C. 55.47%, U.A. 6.74% |

Dispersion Of Light

following

(A) The dispersive power depends upon the
angle of prism
(B) The angular dispersion depends upon the
angle of the prism
(C) The angular dispersion does not depend
upon the dispersive power
(D) The dispersive power in vacuum is one.

[ C. 43.15%, 1.C. 38.58%, U.A. 18.27% |

45.

46.

47.

The dispersion of light in a medium
implies that :

(A) lights of different wavelengths travel with
different speeds in the medium

(B) lights of different frequencies travel with
different speeds in the medium

(C) the refractive index of medium is different
for different wavelengths

(D) all of the above.

[ C. 41.16%, 1.C. 40.65%, U.A. 18.19% |

A medium has n, = 1.56, ng = 1.44. Bl
Then its dispersive power is : g

(A) m
(C) 0.03

(B) g
3
(D) 55
[ C. 32.88%, 1.C. 32.15%, U.A. 34.97% |

Critical angle of light passing from
glass to air is minimum for £

(A) Red
(C) Yellow

(B) Green
(D) Violet

[ C. 30.41%, 1.C. 33.88%, U.A. 35.71% |

Refraction From A Spherical Surface

48.

A planoconcave lens is placed on a EiE

paper on which a flower is drawn.
How far above its actual position

does the flower appear to be-

Radius of
curvature = 20 cm

\ air 3
) T3
t=20 cm
¥

Paper

(A) 10 cm
(C) 50 cm

(B) 15 cm
(D) 40 cm

[C.47.78%, I.C. 41.65%, U.A. 10.57% ]
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49.

50.

51.

Geometrical Optics

An extended object of size 2 cm is @
placed at a distance of 10 cm in air (n &
= 1) from pole, on the principal axis
of a spherical curved surface. The
medium on the other side of
refracting surface has refractive
index n = 2. Find the position, nature
and size of image formed after single
refraction through the curved surface.

£ n=1 n=2
&
10cm \

ROC = 20cm

(A) 30 cm from pole in the medium of refractive
index 1, virtual, erect and 4 cm in size.
(B) 40 cm from pole in the medium of refractive
index 1, virtual, erect and 4 cm in size.
(C) 40 cm from pole in the medium of refractive
index 1, real, inverted and 4 cm in size.
(D) 30 cm from pole in the medium of refractive

index 1, virtual, erect and 6 cm in size.
[ C. 46.84%, 1.C. 42.55%, U.A. 10.61% |

The image for the converging beam mfamm
after refraction through the curved &3

surface is formed at:

n=32 n=1
.1"‘\_
TP X
30
R=20cm

(A)x =40 cm (B)x = Fcm
O)x= —%cm D)x = 1%mcm

[ C. 44.83%, I.C. 44.20%, U.A. 10.97% |
A fish is near the centre of a Eirm
spherical water filled fish bowl. A Iz
child stands in air at a distance 2R ( Gi#E
R is radius of curvature of the
sphere) from the centre of the bowl.
At what distance from the centre
would the child's nose appear to the

fish  situated at the centre
(R.T of water up =4/3)
(A) 4R (B) 2R (C) 3R MR

[ C. 43.11%, I.C. 46.44%, U.A. 10.45% |

52.

53.

A mnarrow parallel beam of light is mExsmEm
incident on a transparent sphere of Igers
refractive index ’'n’.If the beam f
finally gets focused at a point
situated at a distance = 2x (radius of
sphere) from the centre of the sphere,
then find n ?

(A)4/3  (B)3/2

(C)5/4 (D)5/3

[ C. 43.11%, I.C. 49.73%, U.A. 7.16% |

A concave spherical surface of radius [
of curvature 10 cm separates two
mediums X and Y of refractive &
index 4/3 and 3/2 respectively. If the
object is placed along principal axis

in medium X then

X Y

(A) Image is always real

(B) Image is real if the object distance is
greater than 90 cm.
(C) Image is always virtual

(D) Image is virtual only if the object distance

is less than 90 cm.
[C.37.12%, 1.C. 51.01%, U.A. 11.87% |

Lens Maker Formula And Magnification,
Image Formation By Convex And
Concave Lens, Combination Of Lens,
Cutting Of Lens

54. Aplano convex lens has a curved

55.

surface of radius 100 cm. If p= 1.5,
then the focal length of the lens is :

(A) 50 cm (B) 100 cm
(C) 200 cm (D) 500 cm

[ C. 58.55%, I.C. 29.00%, U.A. 12.45% ]

A thin symmetrical double convex mEigm
lens of power P is cut into three Ei&E
parts, as shown in the figure. Power ==
of Ais:

/A

\&/
(A) 2P

B+ (O (DP

[ C. 58.14%, I.C. 29.60%, U.A. 12.26% ]
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56.

57.

58.

59.

60.

Geometrical Optics

When the object is at distances u;
and u, the images formed by the
same lens are real and virtual
respectively and of the same size.
Then focal length of the lens is ;

(A) 1. /a3 (B) 3 (w1 + up)
(C) Juiuz (D) 2 (u1 + up)

[ C. 54.39%, I.C. 36.30%, U.A. 9.31% |

Which of the following cannot form
real image of a real object ?

(A) concave mirror
(C) both mirror

(B) convex mirror

(D) Plane mirror
[ C. 51.24%, 1.C. 36.90%, U.A. 11.86% ]

A biconvex lens has a focal length of E#amE
10 cm. It is cut in half and two pieces o
are placed as shown. The focal length ™%
of the final combination is

(A) 10
(C) 40

(B) 20
(D) Not a lens

[ C. 51.08%, 1.C. 37.94%, U.A. 10.98% |

A thin linear object of size 1 mm is @
kept along the principal axis of a e
convex lens of focal length 10 cm.
The object is at 15 cm from the lens.
The length of the image is:

A 1mm (B)4dmm (C)2mm (D)8 mm

[ C. 48.84%, 1.C. 43.29%, U.A. 7.87% |

A double convex lens has focal
length 50 cm. The radius of curvature
of one of the surfaces is double of the
other. Find the radii, if the refractive
index of the material of the lens is 2.

(A) 150 cm, 75 cm (B) 125 cm, 150 cm
(C) 75 cm, 150 cm (D) 25 cm, 75 cm

[ C. 48.67%, 1.C. 40.66%, U.A. 10.67% |

61.

62.

63.

An object is placed at 10 cm from a Ei
lens and real image is formed with &
magnification of 0.5. Then the lens is

(A) concave with focal length of 10/3 cm
(B) convex with focal length of 10/3 cm
(C) concave with focal length of 10 cm

(D) convex with focal length of 10 cm
[ C. 28.49%, I.C. 62.91%, U.A. 8.60% |

Two symmetric double convex lenses
A and B have same focal length, but
the radii of curvature differ so that
RA =0.9 RB- Ian = 163, find ng.

(A)17 B)1.6 (O)15 (D)4/3

[ C. 26.21%, 1.C. 17.94%, U.A. 55.85% |

i
--
[=]

A double convex lens forms a real
image of an object on a screen which
is fixed. Now the lens is given a
constant velocity v = Ims " along its
axis and away from the screen. For
the purpose of forming the image
always on the screen, the object is
also required to be given an
appropriate  velocity. Find the
velocity of the object at the instant its
size is double the size of the image.

(A) 3 m/s away from screen
(B) 3 m/s towards screen
(C) 5 m/s towards screen

(D) 5 m/s away from screen
[ C. 26.67%, 1.C. 46.66%, U.A. 26.67% |

Power Of Lens And Mirror, Silverging Of
Lens, Displacement Method

64.

A lens of power + 2.0 D is placed in
contact with another lens of power —
1.0 D. The combination will behave
like

(A) a converging lens of focal length 100 cm

(B) a diverging lens of focal length 100 cm
(C) a converging lens of focal length 50 cm
(D) a diverging lens of focal length 50 cm.

[ C. 46.88%, 1.C. 40.07%, U.A. 13.05% |
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65.

66.

67.

Geometrical Optics

68. In the adjoining ray-diagram are
given the positions of an object O,
image | and two lenses L; and Ls.
The focal length of L; is also given.
Find the focal length of the lens L.

f=15cm

A liquid of refractive index 1.6 is
contained in the cavity of a glass
specimen of refractive index 1.5 as
shown in figure. If each of the curved
surfaces has a radius of curvature of
0.20 m, the arrangement behaves as a

=
O]

Glass

Liquid

(A) converging lens of focal length 0.25 m
(B) diverging lens of focal length 0.25 m
(C) diverging lens of focal length 0.17 m
(D) converging lens of focal length 0.72 m

[ C. 45.58%, I.C. 42.47%, U.A. 11.95% |

The source is placed 30 cm from a EfaEm
convex lens which has a focal length £3EEE:
of 20 cm. The source is initially &
located on the axis of the lens. The
lens is then cut into two halves in a
plane along the principal axis. The
two halves are separated by a
distance of 4 mm. What will be the
locations of the image of the source?

(A)7 cm (B) 3 cm
(©4 cm (D) 6 cm

[ C. 45.27%, I.C. 43.42%, U.A. 11.31% |

A telephoto combination consists of -;
convex lens of focal length 30 cm
and a concave lens of focal length 15 ks
cm, the separation between two lens

is 27.5 cm. Where should be the
photographic plate placed in order to
photograph an object 10 m in front of

the first lens?

(A)5 cm
(C)4 cm

7 =

(B) 3 cm
(D)6 cm

[ C. 41.84%, 1.C. 49.27%, U.A. 8.89% |

69.

70.

|<—4Dcm—>|<—14 cm—>|<—30 eom—)
Ly L

(A) 30cm
(C) -15cm

(B) -30cm
(D) +15 cm

[ C. 39.85%, I.C. 37.86%, U.A. 22.29% ]

cm is placed on the flat horizontal
surface with its concave side up.
Water with refractive index 1.33 is
poured into the lens. Where should
an object be placed if its image is to
be captured on a screen with a
magnification of 27

(A) 44.25 cm
(C) 33.75cm

(B) 40.60 cm
(D) 38.50 cm

[ C. 39.21%, 1.C. 52.57%, U.A. 8.22% |

A thin equi-convex lens having .""
radius of curvature 10 c¢cm is placed '
as shown in figure. Calculate focal
length of the lens, if parallel rays are

incident as shown.

u=5/3
—_—
= /'Y =32
—_—
—\/
(A) %Ocm (B) @cm
180
(C) _C (D) 180

[ C. 38.41%, 1.C. 53.47%, U.A. 8.12% |
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71. A convex lens of focal length 10 cm  Eiamm
is placed 30 cm in front of a second
convex lens also of the same focal
length. A plane mirror is placed after
the two lenses. Where should a point
object be placed in front of the first
lens so that it images on to itself ?

(A) 20 cm (B) 15 cm
(©) 30 cm (D) 25 cm

[ C. 36.26%, I.C. 54.97%, U.A. 8.77% |

72. A convex lens is cut in half along its m#EmE
principal axis and the two halves are 7
separated by a distance of 12 cm. An
object is placed in front of the lens as
shown in Figure. Two sharp images
are formed on the screen placed 80
cm from the object. What is the focal
length of the lens ?

A
N/

I

12¢cm Screen
(A) 12.50 cm (B) 23.45 cm
(C)17.30 cm (D) 19.55 cm

[ C. 28.52%, I1.C. 59.18%, U.A. 12.30% ]

Chromatic Aberration And Achromatism,
Optical Instrument + Eye + Luminous
Intensity

73. If Fy and F, are the focal lengths of [l
the obJectlve and  eye-piece ;
respectively for a Galilean telescope, B :'
its magnifying power is about
(A) Fo+ Fe (B) Fo x F
(C) FolF. (D) 5Fo +Fe

[ C. 55.70%, 1.C. 34.49%, U.A. 9.81% |

74. An astronomical telescope has a
magnifying power 10. The focal
length of eyepiece is 20 cm. The
focal length of objective is

(A)2cm (B) —200 cm
(C) 5 em (D) 555 cm

[ C. 55.30%, I.C. 26.68%, U.A. 18.02% ]

75.

76.

77.

78.

A compound microscope has a B
magnification power of 100 when the
image is formed at infinity. The
objective has a focal length of
0.5 cm and the tube length is
6.5 cm. Find the focal length of
eyepiece.

(A)1 cm (B)2 cm
(©) 20 cm (D) 40 cm

[ C. 46.98%, 1.C. 41.63%, U.A. 11.39% |

mlcroscope is-

(A) Greater than the focal length of eye piece
(B) Lesser than the focal length of the eye
piece

(C) Equal to the focal length of the eye piece
(D) Any of (1) (2) and (3)

[ C. 44.13%, 1.C. 43.34%, U.A. 12.53% |

In a simple microscope, if the final [
image is located at infinity then its
magnifying power-

(A) 25/F (B) 25/D

(C) F/25 (D) (1+ 25/F)

[ C. 44.00%, I.C. 35.00%, U.A. 21.00% ]

il

and the eyepiece of a compound
microscope are 2.0 cm and 3.0 cm,
respectively. The distance between
the objective and the eyepiece is 15.0
cm,. The final image formed by the
eyepiece is at infinity. The two lenses
are thin. The distance, in ¢cm, of the
object and the image produced by the
objective, measured from the
objective lens, are respectively

(A)2.4and 12.0
(B) 2.4 and 15.0
(C)2.0and 12.0
(D) 2.0and 3.0

[ C. 43.65%, 1.C. 36.74%, U.A. 19.61% |
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79.

80.

An eye specialist  prescribes |
. . . L R
spectacles having combination of #
convex lens of focal length 40 cm in
contact with a concave lens of focal
length 25 cm. The power of this lens
combination in diopters is

(A) +1.5 (B)-1.5
(C) +6.67 (D) —6.67

[ C. 43.05%, I.C. 42.05%, U.A. 14.90% ]

A myopic person can not see objects i
lying beyond 2 m. The focal length
and power of the lens required to
remove this defect will be -

(A)1m&0.5D
(B)-2m & —0.5D
(C)0.5m&0.5D
(D)-0.5m & 0.5 D

[ C.30.30%, I.C. 31.42%, U.A. 38.28% |

]

Geometrical Optics

length 30 cm and an eyepiece of =%
focal length 3.0 cm. It is focused on
an object of distance 2.0 meter. For
seeing with relaxed eye, calculate the
separation between the objective and
the eyepiece.

(A) 33 cm
(C) 38.3 cm

(B) 27 cm
(D) 22 cm

[ C.27.87%, I.C. 42.33%, U.A. 29.80% |
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Geometrical Optics

Exercise 1 (Level-B)

Basic Learning

Plane Mirror

1.

Two plane mirrors are inclined to

each other at an angle 60. If a ray of 32

light incident on the first mirror is
parallel to the second mirror, it is
reflected from the second mirror
“Parallel to which mirror”.

A point source of light S is placed at
a distance L in front of the centre of a
plane mirror PQ of width d hung
vertically on a wall as shown in
Figure. A man walks in front of the
mirror along a line parallel to the
mirror at a distance 2L from it as
shown. The greatest distance over
which he can see the image of the
light source in the mirror is

p :
L —e
S rF Y
[ ]
Q l+— Man
4 2L b

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

4.

Find the angle of deviation (both
clockwise and anticlockwise) &
suffered by a ray incident on a ¥
plane mirror, at an angle of incidence
30°.

Figure shows a plane mirror onto
which a light ray is incident. If the
incident light ray is turned by 10°

and the mirror by 20°, as shown, find

the angle turned by the reflected ray.

10, i Reflected ray

A straight line joining the object
point and image point is always
perpendicular to the mirror, find
distance of 2nd image in II mirror
from object.

3m.

o

+«—10m —» I
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Mirror Formula And Magnification,
Velocity In Spherical Mirror, Cutting Of
Mirrors, Combination Of Mirrors,
Intensity Of Light

7. A biconvex lens has a radius of
curvature of magnitude 20 cm. :
Which one of the following options
describe best the image formed of an
object of height 2 cm placed 30 cm
from the lens-

8. A car is fitted with a convex side- ms
view mirror of focal length 20 cm. A ¥
second car 2.8 m behind the first car
is overtaking the first car at a relative
speed of 15m/s. The speed of the
image of the second car as seen in
the mirror of the first one is

9. A driver stops his car at a red light. @3
The car is fitted with side view 3
mirror of focal length 10 m.
An ambulance is approaching the car
at a constant speed of 16 ms™'. The
speed of image of the ambulance, as
seen by the driver in the side view
mirror, when it is at distance of 50 m
from the mirror will be

10. In case of concave mirror, the
minimum distance between a real
object and its real image is-

11. An observer whose least distance of
distinct vision is ‘d’, views his own #
face in a convex mirror of radius of

curvature . Prove that
magnification produced can not
exceed ——

d++/d@2 412

12. In the figure shown if the object 'O’
moves towards the plane mirror, then
the image [ (which is formed after
successive reflections from M; &
M, respectively) will move:

7 E

13. A short linear object of length [ lies @
along the axis of a concave mirror of _
focal length f at a distance u from the
pole of the mirror. The size of the
image is approximately equal to :

i)
® (%)
©) l(ﬁ)”2
o)1)

14. If a and b denote the distances of the
object and image from the pole of a
spherical mirror respectively the line
y = 4x cuts the a — b graph at a point
whose abscise a is 20 cm. The value
of radius of curvature (in cm) of
mirror is

Snell's Law, Apparent Depth And Normal
Shift, Refraction Through A Glass Slab,

Lateral Shift

15. A beaker contains water (pu=4/3) =g
filled to a height of 32 cm. A concave
mirror is fixed 6 cm above the
surface of water as shown in figure.
An object is placed at the bottom of
the beaker and its image is formed 14
cm below the surface of water. The
focal length of the mirror (in cm) is

32cm

Object
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20. A long solid cylindrical glass rod of

16. An observer in air (n = 1) sees the By
bottom of a beaker filled with water JHg:
(n = 4/3) upto a height of 40 cm.
What will be the depth (in cm) felt

by this observer.

s observer

40cm

17. A light ray falling at an angle of 60° [
with the surface of a clean slab of ice &
of thickness 1.00 m is refracted into
it at an angle of 15°. Calculate the
time taken by the light rays to cross
the slab. Speed of light in vacuum =
3 % 108 m/s.

Critical Angle And Total Internal
Reflection ( T.I.R. )

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

19. A ray of light enters a diamond (n =
2) from air and is being internally
reflected near the bottom as shown
in the figure. Find maximum value of
angle 6 possible ?

8

21.

liquid of refractive index 34/3/4. The
end of the rod are perpendicular
to the central axis of the rod. a light
enters one end of the rod at the
central axis as shown in the
figure. Find the maximum value of
angle 6 for which internal reflection
occurs inside the rod?

i )

Light from a luminous point on the lower

face of a 2 cm thick glass slab, strikes the | :. :

upper face and the totally reflected rays
outline a circle of radius 3.2 cm on the
lower face. What is the refractive index of
the glass.

Prism

22.

23.

A prism (n = 2) of apex angle 90° is
placed in air (n = 1). What should be
the angle of incidence (in degree) so
that light ray strikes the second surface
at an angle of incidence of 60°

R.I of a prism is \/g and the angle of g o5

prism is 60°. The limiting angle of
incidence (in degree) of a ray that will
be transmitted through the prism is :

Question No. 24 & 25

Paragraph:

A person’s far point is 2 m and his
near point is 50 cm. Find the nature,
focal length and power of the lenses,
he must use to

24. see distant objects and

25.

read a book clearly, The least
distance of distinct vision is 25 cm.
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26.

27.

Calculate the maximum angular
magnification produced by a
magnifying glass of 5 cm focal
length. Distance of distinct vision =
25 cm.

An isosceles triangular glass prism
stands with its base in water as
shown. The angles that its two equal
sides make with the base are 6 each.
An incident ray of light parallel to
the water surface internally reflects at
the glass-water interface and
subsequently re-emerges into the air.
Taking the refractive indices of glass
and water to be 3/2 and 4/3
respectively, show that § must be at
least tan~! % or 25.9°.

VIT

Dispersion Of Light

28.

29.

30.

A certain material has refractive @
indices 1.56, 1.60 and 1.68 for red, &
yellow and violet light respectively. '
(a) Calculate the dispersive power.
(B) Find the angular dispersion
produced by a thin prism of angle 6°
made of this material.

A

A flint glass prism and a crown glass @
prism are to be combined in such a &
way that the deviation of the mean [
ray is zero. The refractive index of
flint and crown glasses for the mean
ray are 1.620 and 1.518 respectively.

If the refracting angle of the flint
prism is 6.0°, what would be the
refracting angle of crown prism?

A

A plane glass slab is placed over s
various coloured letters. The letter !
which appears to be raised the least is :

Geometrical Optics
il l“. 3

Refraction From A Spherical Surface

31. A spherical surface of radius 30 cm mExsE
separates two transparent media A
and B with refractive indices 4/3 and g
3/2 respectively. The medium A is on
the convex side of the surface. Where
should a point object be placed in
medium A so that the paraxial
rays becomes parallel after refraction
at the surface?

32. An objects is placed 21 c¢cm in front
of a concave mirror of radius of
curvature 10 cm. A glass slab
of thickness 3 cm and p = 1.5 is then
placed close to the mirror in the
space between the object and
the mirror. The position of final
image formed is

33. An object is placed 10 cm away from mEaz
a glass piece (n = 1.5) of length 20 %
cm bound by spherical surfaces of [GiiEE
radii of curvature 10 cm. Find the
position of final image formed after
twice refractions.

20cm

object AK n=1.5 }
ROC=10cm

«—>
10ecm  ROC=10cm

Lens Maker Formula And Magnification,
Image Formation By Convex And
Concave Lens, Combination Of Lens,
Cutting Of Lens

34. A thin lens made of a material of Eiz@mE

. . . ]
refractive index p, has a medium of &=

refractive index 1) on one side and a =
medium of refractive index p3 on the
other side. The lens is biconvex and
the two radii of curvature has equal
magnitude R. A beam of light
travelling parallel to the principal
axis is incident on the lens. Where
will the image be formed if the beam
is incident from (a) the medium p
1 and (B) from the medium w3 ?
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35. Given an optical axis MN & the positions Ei Power Of Lens And Mirror, Silverging Of

36.

37.

38.

39.

of a real object A B and its image A' B', ;
determine diagrammatically the position
of the lens (its optical centre O) and its
foci. Is it a converging or diverging lens?
Is the image real or virtual?

Lenses are constructed by a material
of refractive index 1.50. The
magnitude of the radii of
curvature are 20 cm and 30 cm. Find
the focal lengths of the possible
lenses with the above specifications.

A converging lens and a diverging

mirror are placed at a separation of 3k

15 cm. The focal length of the lens is
25 cm and that of the mirror is 40
cm. Where should a point source be
placed between the lens and the
mirror (in cm) so that the light, after
getting reflected by the mirror and
then getting transmitted by the lens,
comes out parallel to the principal
axis?

The aperture diameter of a plano-
convex lens is 6 cm and the thickness
at the centre is 3 mm. If the speed of
light in the material of the lens is 2
103 my/s, the focal length of the lens
is

The power of a lens having refractive
index 1.25 is +3 diopters. When
placed in a liquid its power is
—2 diopters. The refractive index of
the liquid is 6/x.Find x.

Lens, Displacement Method

40.

41.

42.

43.

Chromatic Aberration And Achromatism,
Optical Instrument + Eye + Luminous

2 identical thin converging lenses
brought in contact so that their axes
coincide are placed 12.5 cm from an
object. What is the optical power of
each lens, if the real image formed
by the system of lenses is four times
as large as the object?

A point source of light is kept at a B

distance of 15 cm from a converging
lens, on 1its optical axis. The
focal length of the lens is 10 cm and
its diameter is 3 cm. A screen is
placed on the other side of the
lens, perpendicular to the axis of
lens, at a distance 20 cm from it.
Then find the areca of the
illuminated part of the screen ?

A thin plano-convex lens acts like a
concave mirror of focal length 0.2 m
when silvered from its plane surface.
The refractive index of the material
of the lens is 1.5. The radius of
curvature of the convex surface of
the lens will be

A plano-convex lens, when silvered

on the plane side, behaves like a

concave mirror of focal length 30
cm. When it is silvered on the
convex side, it behaves like a
concave mirror of focal length 10
cm. Find the refractive index of the
material of the lens.

Intensity

magnifying power 10. The focal
length of the eye piece is 20 cm. the
focal length of the objective is -
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45. A person can not see the objects @ 47. A compound microscope with an
clearly placed at a distance more than ';__. objective of 1.0 cm focal length and
40 cm. He is advised to use a lense of ™ an eye-piece of 2.0 cm focal length
power has a tube of length of 20 cm.
Calculate the magnifying power of
the microscope, if the final image is
formed at the near point of the eye.

46. To remove myopia (short
sightedness) a lens of power 0.66D is
required. The distant point of the eye
is approximately

Mortion EducaTtion | 394 - Rajeev Gandhi Nagar |©: 1800-212-1799 | url : www.motion.ac.in | Page No. # 86




Geometrical Optics

Exercise 2

JEE Advanced Level

Plane Mirror (Single Correct)

1.

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

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

[C.57.35%, I.C. 33.33%, U.A. 9.32% |

A person's eye is at a height of 1.5 m. mg
He stands in-front of a 0.3m long &
plane mirror which is 0.8 m above
the ground. The length of the image

he sees of himself is:
(A)1.5m
(C)0.8m

(B) 1.0 m
(D) 0.6 m

[ C. 55.03%, 1.C. 36.03%, U.A. 8.94% |

A light ray I is incident on a plane E
mirror M. The mirror is rotated in the 5
direction as shown in the figure by an
arrow at frequency 9/m rev/sec. The
light reflected the mirror is received
on the wall W at a distance 10m from
the axis of rotation. When the angle
of incidence becomes 37° find the
speed of the spot (a point) on the
wall?

M
2 10m oK w
(A) 960 m/s (B) 840 m/s
(C) 1000 m/s (D) 900 m/s

[ C. 44.30%, I.C. 46.13%, U.A. 9.57% |

A plane mirror of circular shape with EiEE

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

(A) 75 cm

(B) 60 cm

(C) 65 cm

(D) 90 cm

[ C. 40.46%, I.C. 51.49%, U.A. 8.05% |

(Multiple Correct)

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
[C. 59.14%, 1.C. 28.73%, U.A. 12.13% |

Mortion Education | 394 - Rajeev Gandhi Nagar |©: 1800-212-1799 | url : www.motion.ac.in | Page No. # 87




Geometrical Optics

6. A flat mirror M is arranged parallel
to a wall W at a distance 1 from it. #
The light produced by a point source
S kept on the wall is reflected by the
mirror and produces a light spot on
the wall. The mirror moves with
velocity v towards the wall.

T
Wall W

v
WFIHWM

(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 speed larger then v

(D) The size of the light on the wall remains
the same

[C. 57.11%, I.C. 29.88%, U.A. 13.01% ]

Mirror Formula And Magnification,
Velocity In Spherical Mirror, Cutting Of
Mirrors, Combination Of Mirrors,
Intensity Of Light -(Single Correct)

7. Arod of length 30 cm lies along the mEaEm
principal axis ofa concave mirror of 3
focal length 10 cm in such a way ;
that its end closer to the pole is 20
cm away from the mirror. The length
of the image is

(A)10cm (B) 15cm (C)2.5cm (D) 7.5 cm

[C.57.32%, I.C. 27.55%, U.A. 15.13% |

8. A candle flame of 3 cm is placed at EzuE
300 cm from a wall. A concave
mirror is kept at distance x from the ®
wall in such a way that image of the
flame on the wall is 9 cm. Then x is :

(A) 339 cm(B) 900 cm (C) 450 cm (D) 423 cm

[ C. 50.56%, 1.C. 43.69%, U.A. 5.75% |

9.

10.

11.

12.

The circular boundary of the concave @3
mirror subtends a cone of half angle =
0 at its centre of curvature. The e
minimum value of 6 for which ray
incident on this mirror parallel to the
principal axis suffers reflection more

than one is

(A)30° (B)45° (C)60° (D) 75°

[ C. 49.44%, I.C. 35.18%, U.A. 15.38% |

A convex mirror has a focal length f. mEg=E
An object of height h is placed in Rers:
front of it. If an erect image of height “E‘ 3
h/n is formed. The distance of the

object from the mirror is :

(A)nf  B)fn  (C) (n+Df (D) (n-D)f

[ C. 44.66%, 1.C. 45.50%, U.A. 9.84% |

The distance of an object from a M A0
spherical mirror is equal to focal R
length of the mirror. Then the image :
(A) must be at infinity

(B) may be at infinity

(C) may be at the focus

(D) must be at focus
[ C. 35.34%, I.C. 49.48%, U.A. 15.18% |

An object is placed at a distance u
from a concave mirror and its real
image is received on a screen placed
at a distance of v from the mirror. If f
is the focal length of the mirror, then
the graph between 1/v versus 1/u is

1

v v

(A) (B)

© (D)

1
u u
[ C. 31.36%, 1.C. 51.78%, U.A. 16.86% |
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Geometrical Optics

(Multiple Correct)

13.

14.

15.

The image (of a real object) formed
by a concave mirror is twice the size
of the object. The focal length of the
mirror is 20 cm. The distance of the
object from the mirror is (are)

(A) 10 cm (B) 30cm
(©)25cm (D) 15cm

[ C. 69.05%, 1.C. 22.62%, U.A. 8.33% |

i

A luminous point object is moving
along the principal axis of a concave
mirror of focal length 12 cm towards
its when its distance from the mirror
is 20 cm its velocity is 4 cm/s. The
velocity of the image in cm/s to that
instant is

(A) 6 cm/s towards the mirror
(B) 6 cm/s away from the mirror
(C) 9 cm/s away from the mirror

(D) 9 cm/s towards the mirror
[ C. 68.05%, 1.C. 21.89%, U.A. 10.06% ]|

In the figure shown consider the first @
reflection at the plane mirror and 3Z
second at the convex mirror. AB is
object.

velocity
—
A B C
— 3
> |<—>%
10cm 10cm 120cm
fe—

50cm

LA P P PFEETEEY

(A) the second image is real , inverted of 1/5 T
magnification w.r.t AB

(B) the second image is virtual and erect with
magnificationl/5 w.r.t AB

(C) the second image moves towards the
convex mirror

(D) the second image moves away from the

convex mirror
[ C. 55.29%, I.C. 15.77%, U.A. 28.94% |

Snell'S Law, Apparent Depth And Normal
Shift, Refraction Through A Glass Slab,
Lateral Shift-(Single Correct)

16.

17.

A cylindrical vesgel of diameter 12 cm [
contains 8007 cm? of water. A cylindrical 32
glass piece of diameter 8.0 cm and height
8.0 cm is placed in the vessel. If the
bottom of the vessel under the glass piece
is seen by the paraxial rays (see figure),
locate its image from the bottom. The
index of refraction of glass is 1.50 and that

of water is 1.33.
o3

Water

[
Sclm
F8cmH

—12cm—
(A) 2.1 cm

(C) 9.1 cm

(B) 7.1 cm
(D) 11.1 cm

[ C. 18.64%, 1.C. 13.56%, U.A. 67.80% |

A bird in air looks at a fish vertically @3
below it and inside water in a tank. If &3
the distances of the fish as estimated [
by the bird is S; and that of bird as
estimated by the fish is Sy then the
refractive index of liquid p is

(A) 2_: ( ) S1+Sz
Ss Sl S2
© 5 (D) ~5;

[C.17.02%, I.C. 12.43%, U.A. 70.55% ]

(Multiple Correct)

18.

A beam of 11ght IS converging [
towards a point L. A plane parallel
plate of glass ‘of thickness t,
refractive index p is introduced in the
path of the beam. The convergent
point is shifted by (assume near-
normal incidence) :

(B)t(1+%)

(D) away

[ C. 61.32%, I.C. 27.79%, U.A. 10.89% ]

(A)t(l—%)

(C) nearer
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19. A concave mirror is placed on a

Geometrical Optics

horizontal table, with its axis directed
vertically upwards. Let O be the pole
of the mirror and C its centre of
curvature. A point object is placed at
C. Its has a real image, also located
at C (a condition -called auto-
collimation). If the mirror is now
filled with water, then choose the
wrong statements about image :

(A) real, and will remain at C

(B) real, and located at a point between C
and oo

(C) virtual, and located at a point between C
and O

(D) real, and located at a point between C
and O

[ C. 53.11%, I.C. 21.76%, U.A. 25.13% |

Critical Angle And Total Internal
Reflection ( T.I.R. ) (Single Correct)

20. The refractive index of water is 4/3 M

21.

i

and that of glass is 5/3. Then the
critical angle for a ray of light
entering water from glass will be:

(A) sin”'(4/5) (B) sin”!(5/4)
(C) sin”'(20/9) (D) sin"'(9/20)

[ C.39.81%, I.C. 34.16%, U.A. 26.03% ]

A ray of light in a liquid of refractive E#amm
index 1.4, approaches the boundary
surface between the liquid and air at EF=%
an angle of incidence whose sine is

0.8. Which of the following
statements 1s correct about the
behavior of the light

(A) It is impossible to predict the behavior of
the light ray on the basis of the information
supplied.

(B) The sine of the angle of refraction of the
emergent ray will less than 0.8.

(C) The ray will be internally reflected

(D) The sine of the angle of refraction of the

emergent ray will be greater than 0.8.
[ C. 36.69%, 1.C. 37.27%, U.A. 26.04% |

22.

23.

Light passes from air into flint glass with
index of refraction n. What angle of
incidence must the light have so that the ™
component of its velocity perpendicular to
the interface remains same in both
medium?

(A) tan~' (3)
©) cos! (%)

L 101
(B) sin (;)
(D) tan ' n
[ C. 18.42%, 1.C. 59.21%, U.A. 22.37% |

Which of the following statements g
is/are correct about the refraction of i
light from a plane surface when light
ray is incident in denser medium. [C

is critical angle]

(A) The maximum angle of deviation during

refraction is 5 — C, it will be at angle of

incidence is greater than C.

(B) The maximum angle of deviation for all
angle of incidences is ™ — 2C, when angle of
incidence is slightly less than C.

(C) If angle of incidence is less than C then
deviation increases if angle of incidence is
also decreased.

(D) If angle of incidence is greater than C
then angle of deviation decreases if angle of

incidence is increased.
[ C. 16.00%, 1.C. 60.21%, U.A. 23.79% |

Critical Angle And Total Internal
Reflection ( T.I.R. ) (Multiple Correct)

24. The figure shows ray incident at an @3

uHE]

angle 1 = w/3. If the plot drawn Eg
shown the variation of |r — i| versus [g
/1y =k, (r = angle of refraction)

F S

-
(A) the value of k; is %
(B) the value of 0, =7/6
(C) the value of 6, = 7/3

(D) the value of k; is 1
[ C. 75.48%, 1.C. 14.42%, U.A. 10.10% ]
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25.

Geometrical Optics

Prism (Multiple Correct)

In the diagram shown, a ray of light @
is incident on the interface between 1
and 2 at angle slightly greater than
critical angle. The light surffers total
internal reflection at this interface.
After that the light ray falls at the
interface of 1 and 3, and again it
suffers total internal reflection.
Which of the following relations
should hold true ?

=0

2 2 2
(B) My — My > Hs3
2 2 2
(D) py + py > g
[ C. 63.71%, .C. 26.16%, U.A. 10.13% |

(A) > <ps
(©) pf — 13 >

Prism (Single Correct)

26.

27.

28.

A ray of monochromatic light is
incident on one refracting face of a i
prism of angle 75°. It passes through H&*3
the prism and is incident on the other

face at the critical angle. If the
refractive index of the material of the
prism is /2, the angle of incidence

on the first face of the prism is

(A)30° B)45° (©60° (D)0°

[ C. 54.23%, 1.C. 31.12%, U.A. 14.65% |

A prism is made up of material of 3
refractive index /3. The angle of
prism is A. If the angle of minimum
deviation is equal to the angle of the

prism, then the value of A is :

(A)30° (B)45° (©)60° (D)75°

[ C. 53.62%, I.C. 33.71%, U.A. 12.67% |
A prism has a refractive index % i
and refracting angle 90°. The B
minimum deviation produced by
prism is 15n°. Find n.
(A)40° (B)45° (C)30° (D)49°

[ C. 48.90%, I1.C. 32.53%, U.A. 18.57% |

29.

30.

31.

For the refraction of light through a
prism

(A) For every angle of deviation there are two
angles of incidence.

(B) The light traveling inside an equilateral
prism is necessarily parallel to the base when
prism is set for minimum deviation.

(C) There are two angles of incidence for
maximum deviation.

(D) Angle of minimum deviation will increase
if refractive index of prism is increased
keeping the outside medium unchanged if

Hp~Ms.

[ C. 69.37%, I.C. 17.12%, U.A. 13.51% ]

For refraction through a small angled mEigg
prism, the angle of deviation :

(A) increases with the increase in R.I. of
prism.

(B) will decrease with the increase in R.I. of
prism.

(C) is directly proportional to the angle of
prism.

(D) will be 2D for aray of R1.=2.4 if itis D
foraray of RI1=1.2

[ C. 65.55%, 1.C. 21.01%, U.A. 13.44% |

one face of 30° — 60° — 90° prism of
refractive index 5/3 immersed in
water of refractive index 4/3 as
shown in figure.

(A) The exit angle 0, of the ray is sin"!(5/8)
(B) The exit angle 0, of the ray is sin"!(5/447 )
(C) Total internal reflection at point P ceases
if the refractive index of water is increased to
5/2.53 by dissolving some substance.

(D) Total internal reflection at point P ceases

if the refractive index of water is increased to

5/6 by dissolving some substance.
[ C. 61.39%, 1.C. 19.62%, U.A. 18.99% ]
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32.

33.

Geometrical Optics

Dispersion Of Light (Single Correct)

A thin prism Py with angle 4° made EignE
of glass of refractive index 1.54 is %
combined with another thin prism P,
made of glass of refractive index
1.72 to produce dispersion without

34. Light of wavelength 4000 A is

incident at small angle on a prism of
apex angle 4° (i.e A = 4°). The prism
has n, = 1.5 & n, = 1.48. The angle
of dispersion produced by the prism
in this light is :

deviation. The angle of the prism P, (A) 0.2°

is : (B) 0.08°

(A)3° (C) 0.192°

(B)2.6° (D) Dispersion not possible

(C) 40 [ C. 2.33%, 1.C. 30.00%, U.A. 67.67% |
(D) 5.33" Dispersion Of Light (Multiple Correct)

[ C. 42.69%, 1.C. 41.27%, U.A. 16.04% |

A beam of light consisting of red, Fia
green and blue colours is incident on &
a right angled prism. The refractive
index of the material of the prism for
the above red, green and blue colours
wavelengths are 1. 39, 1.44 and 1. 47

respectively. The prism will:

35. By properly combining two prisms e

made of different materials, it is
possible to

(A) have dispersion without average deviation
(B) have deviation without dispersion

(C) have both dispersion and average
deviation

(D) have neither dispersion nor average

deviation
[C. 67.23%, I.C. 15.96%, U.A. 16.81% |

Refraction From A Spherical Surface
(Single Correct)

36. A spherical surface of radius of Mg

45°

(A) separate part of the red colors from the
green and blue colors.

(B) separate part of the blue colors from red
and green colors.

(C) separate all the three colors from the other
two colors.

(D) not separate even partially any color from

the other two colors.
[C. 41.07%, I.C. 34.87%, U.A. 24.06% |

curvature 10 cm separates two media %
X and Y of refractive Indices 3/2 and ®
4/3 respectively. Centre of the
spherical surface lies in denser
medium. An object is placed in
medium X. For image to be real, the
object distance must be

(A) greater than 90 cm
(B) less than 90 cm
(C) greater than 80 cm

(D) less than 80 cm
[ C. 38.90%, 1.C. 48.72%, U.A. 12.38% |
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37. A curved surface of radius R [ 39. There is a small air bubble inside a o

: : glass sphere (m = 1.5) of radius 5
gepgrates two medium of 'refractlve cm. The bubble is 7.5 cm below the
indices p; and p, as shown in figures

surface of the glass. The sphere is
Aand B placed inside water (m = %) such that

the top surface of glass is 10 cm
below the surface of water. The
bubble is viewed normally from air.
Find the apparent depth on the

bubble.
Observer
$10cm
H
.<<<5 <<<<<<<<<<<<<<<<< glass C
water 6
—

Choose the correct statement(s) (A) 15 cm below the surface of water
related to the real image formed by (B) 10.5 cm below the surface of water
the object O placed at a distance x, as (C) 16.66 cm below the surface of water
shown in figure A (D) 13.5 cm below the surface of water
(A) Real image is always formed irrespective [ C. 26.23%, L.C. 61.78%, U.A. 11.99% |
of the position of object if >,
(B) Real image is formed only when x > R Refraction From A Spherical Surface

(C) Real image is formed due to the convex (Multiple Correct)

nature of the interface irrespective of p; and 40. In the figure shown a point object O

1 is placed in air on the principal axis.

(D) None of these The radius of curvature of the

spherical is 60 cm. If is the final

[ €. 32.45%, L.C. 51.98%, UA. 15.57% ] image formed after all the refractions
and reflections.

38. A uniform, horizontal beam of light -
is incident upon a quarter cylinder of / ng=3/2 ;
radius R = 5 cm, and has a refractive : Q 3
index % .A patch on the table for a \ §
distance 'x’ from the cylinder is « 2

d] P

unilluminated, find the value of ’x’ ? &

— (A) If d; = 120 cm, then the 'I{ is formed on
— O
- O' for any value of d,.
= < (B) If d; = 240 cm, then the 'I{ is formed on
) B " 'O' only if d; =360 cm.
(C) If d; = 240 cm, then the "I is formed on
(A)7.2cm (B) 12.5cm "0 for all value of d,.
(C)5cm (D) 10 cm (D) If dy = 240 cm, then the 'I{ cannot be
formed on "O'.
[ C. 28.12%, I.C. 59.64%, U.A. 12.24% | [ C. 60.69%, LC. 24.83%, U.A. 14.48% |
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41.

Geometrical Optics

Two refracting media are separated m;
by a spherical interface as shown in
the figure. PP’ is the principal axis,
np.and p, are the refractive Indices of
medium of incidence and medium of
refraction respectively. Then:

e Ly

C

(A) if puyp > py, then there cannot be a real
image of real object.

(B) if wy > 4, then there cannot be a real
image of virtual object.

(C) if u; > Wy, then there cannot be a virtual
image of virtual object.

(D) if u; > Wy, then there cannot be a real

image of real object.
[ C. 56.30%, 1.C. 30.25%, U.A. 13.45% |

Lens Maker Formula And Magnification,
Image Formation By Convex And
Concave Lens, Combination Of Lens,
Cutting Of Lens (Single Correct)

42.

43.

An object is placed at a distance of m
15 cm from a convex lens of focal
length 10 cm. On the other side of Fizk
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 (C) 15cm (D) 30 cm

[ C. 46.36%, I.C. 46.36%, U.A. 7.28% |

i

When a lens of power P (in air) made
of material of refractive index p is
immersed in liquid of refractive
index . Then the power of lens is:

W(Ee ()
(©) (u uo)% (D) (u uo)?

[ C. 40.93%, 1.C. 45.88%, U.A. 13.19% |

44.

An object is placed at a distance of Bl
10 cm from a coaxial combination of
two lenses A and B in contact. The %‘-
combination forms a real image three
times the size of the object. If lens B
is concave with a focal length of 30
cm, what is the nature and focal

length of lens A ?
(A) Convex, 12 cm
(C) Convex, 6 cm

(B) Concave, 12 cm

(D) Convex, 18 cm
[ C. 39.86%, 1.C. 46.71%, U.A. 13.43% |

Lens Maker Formula And Magnification,
Image Formation By Convex And
Concave Lens, Combination Of Lens,
Cutting Of Lens (Multiple Correct)

45.

46. .

A convex lens forms an image of an BT
object on screen. The height of the 3
image is 9 cm. The lens is now [
displaced until an image is again
obtained on the screen. The height of
this image is 4 cm. The distance
between the object and the screen is
90 cm.

(A) The distance between the two positions of
the lens is 30 cm.

(B) The distance of the object from the lens is
its first position is 36cm.

(C) The height of the object is 6¢cm.

(D) The focal length of the lens is 21.6 cm.

[ C. 81.63%, 1.C. 9.18%, U.A. 9.19% |

If a symmetrical biconcave thin lens mysg
is cut into two identical halves. They g
are placed in different ways as shown GEiEE

Object ﬁ Z
Fig(i)

Figfii) Fig(iii)

(A) three images will be formed in case (i)

(B) two images will be formed in the case (i)
(C) the ratio of focal lengths in (ii) & (iii) is 1
(D) the ratio of focal lengths (in) (ii) & (iii) is 2

[ C. 68.54%, 1.C. 20.22%, U.A. 11.24% ]
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47.

Geometrical Optics

The radius of curvature of the left
and right surface of the concave lens §
are 10 cm and 15 cm respectively.
The radius of curvature of the mirror
is 15 cm

air
water
(n=4/3)

Glass
(n=23/2)
(A) equivalent focal length of the combination
is -18 cm
(B) equivalent focal length of the combination
is +36 cm
(C) the system behaves like a concave mirror
(D) the system behaves like a convex mirror
[ C. 62.36%, 1.C. 31.18%, U.A. 6.46% |

Power Of Lens And Mirror, Silverging Of
Lens, Displacement Method (Single
Correct)

48.

49.

A luminous object and a screen are at
a fixed distance D apart. A %
converging lens of focal length f'is
placed between the object and
screen. A real image of the object in
formed on the screen for two lens
positions if they are separated by a

distance d equal to
(A) /DD +4f)  (B) /D(D — 4f)
(D) vD? + 4f

(C) \/2D(D — 4f)
[ C. 53.30%, 1.C. 32.55%, U.A. 14.15% |

In a compound microscope,

the m
intermediate image is - 7

(A) virtual, errect and magnified
(B) real, errect and magnified
(C) real, inverted and magnified

(D) virtual, errect and reduced
[ C. 49.75%, 1.C. 35.47%, U.A. 14.78% |

. A telescope has an objective of focal g
length 50 cm and eyepiece of focal £
length 5 cm. The least distance of [S&yia
distinct vision is 25 cm. The
telescope is focused for distinct
vision on a scale 200 cm away from
the  objective.  Calculate  the
magnification produced.

(A)-2 (B) 3 ©2 (D) -4

[ C. 38.36%, I.C. 53.88%, U.A. 7.76% |

Power Of Lens And Mirror, Silverging Of
Lens, Displacement Method (Multiple
Correct)

51

52.

. In displacement method, the distance myiz
between object and screen is 96cm.
The ratio of length of two images
formed by a converging lens placed
between them is 4.

(A) Ratio of the length of object to the length
of shorter image is 2.

(B) Distance between the two positions of the
lens is 32 cm.

(C) Focal length of the lens is 6Tzlcm.

(D) When the shorter image is formed on
screen, distance of the lens from the screen is
32 cm.

[ C. 84.95%, I.C. 5.37%, U.A. 9.68% ]

A biconvex lens f; = 20 cm, is placed 5 @
cm in front of a convex mirror, £, =15 cm. &
An object of length 2 cm is placed at a s
distance 10 cm from the lens.

N
A

Choose the correct statement(s)
about the location and nature of the
final image after the leftward
traveling rays once again pass
through the lens.
(A) 51.1 cm right of lens, real, erect and
magnified

8

(B) overall magnification = 3

(C) 62.7 cm from lens, real, inverted and
magnified
(D) overall magnification = 3

[ C. 75.32%, 1.C. 20.78%, U.A. 3.90% |
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53.

54.

Geometrical Optics

A pin is placed 10 cm in front of a EI
convex lens of focal length 20 cm,
made of a material having refractive
index 1.5. The surface of the lens
farther away from the pin is silvered
and has a radius of curvature 22 cm.
Choose the wrong statement(s) about
the position and nature of the final
image.

s C]

iq 11 cm >

(A) image will be 2.1 cm behind of silvered
lens and real.

(B) image will be 11 c¢m infront of silvered
lens and real.

(C) image will be 1.7 cm infront of silvered
lens and real.

(D) image will be 1.4 cm behind of silvered

lens and real.
[ C. 68.42%, I.C. 25.00%, U.A. 6.58% ]

A thin, symmetric double convex m
lens of power P is cut into three parts
A, B, and C as shown in Figure. The
power of

A

(A)AisP
(B) A is 2P
(C)Bis P2
(D) C is P/4

[ C. 63.08%, I.C. 29.23%, U.A. 7.69% |

55.

An equiconvex lens, f; =10 cm, is placed o i =l
40 cm in front of a concave mirror, f, =
7.50 cm, as shown in figure. An object 2
cm high is placed 20 cm to the left of the
lens. Choose the correct statement(s)
about the position of the final image
formed when leftward traveling rays once
again pass through the lens.

‘ F, \/ F, F, f
20cm VvV, 40 cm -

(A) Final image real inverted and lies 16.5 cm
to left of lens.

(B) Final image real inverted and lies 15.6 cm
to left of lens.

(C) overall magnification =—0.333

(D) overall magnification =—-0.467
[ C. 62.50%, 1.C. 33.33%, U.A. 4.17% |

Chromatic Aberration And Achromatism,
Optical Instrument + Eye + Luminous
Intensity -(Single Correct)

56.

57.

A telescope consisting of objective of [
focal length 60cm and a single lens
eye piece of focal length 5cm is
focused at a distant object in such a
way that parallel rays emerge from
the eye piece. If the object subtends
an angle of 2° at the objective, then
angular width of image will be.

(A)10°  (B)24° (C)50° (D) 1/6°

[ C. 56.35%, 1.C. 34.92%, U.A. 8.73% |

When length of a microscope tube s
increases its magnifying power -

(A) Decreases
(B) Increase
(C) Does not change

(D) May increase or decrease
[ C. 44.55%, 1.C. 45.87%, U.A. 9.58% |
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58. It is desired to make an achromatic
combination of two lenses (L; & L)
made of materials having dispersive
powers ®; and ®, (<mp). If the
combination of lenses is converging
then -

(A) L, is converging

(B) L, is converging

(C) Power of L; is greater than the power of
L,

(D) L is diverging

[ C. 39.78%, I.C. 50.83%, U.A. 9.39% |

Chromatic Aberration And Achromatism,
Optical Instrument + Eye + Luminous
Intensity-(Single Correct)

59. In an astronomical telescope, the
distance between the objective and
the eyepiece is 36 cm and the final
image is formed at infinity with a
magnification 5. The focal length f;
of the objective and the focal length
f, of the eyepiece are

(A) fp=45cmand f,=-9 cm
(B) fy=50 cm and f, =10 cm
(C)fy=72cmand f.,=5 cm
(D) fy=30cm and f,= 6 cm

[ C. 45.16%, I.C. 46.78%, U.A. 8.06% |

Chromatic Aberration And Achromatism,
Optical Instrument + Eye + Luminous
Intensity--(Multiple Correct)

60. A planet is observed by an
astronomical refracting telescope
having an objective of focal length
16 m and an eyepiece of focal length
2 cm. Then,

(A) the distance between the objective and the
eyepiece is 16.02 m.

(B) the angular magnification of the planet is
— 800

(C) the image of the planet is inverted

(D) the objective is larger than the eyepiece
[C. 91.67%, 1.C. 1.67%, U.A. 6.66% |

(Multiple Correct)

61. Which of the following statements
is/are correct-

(A) The inability of a lens to bring the light o
different colours to focus at a single point is
called chromatic aberration.

(B) The difference between focal lengths of

the lens for red and violet light i.e. f—f,
gives the measure of axial (or

longitudinal) chromatic aberration.
Mathematically : f—f, =w x f

(C) The chromatic aberration in a lens is
because of the fact that it has different focal
lengths for light of different colours.

(D) Spectrometer is an optical instrument to
obtain and study the pure spectrum.

[ C.31.67%, 1.C. 36.78%, U.A. 31.55% |

Question No. 62-64

Paragraph:
An equilateral prism ABC is placed
in air with its base side BC lying
horizontally along x-axis as shown in
figure. A ray given by v/3z + x = 10
is incident at a point P on face AB of

prism.
Az
! A
1
1
1
1
1
|
LA C____s
-7 (0.0.0) X
,
’l
L
y

62. Find the value of u for which the ray
grazes the face AC -

(a2 (B) 3

© = )

[ C. 42.57%, I.C. 31.83%, U.A. 25.60% |

Mortion Education | 394 - Rajeev Gandhi Nagar |©: 1800-212-1799 | url : www.motion.ac.in | Page No. # 97




63.

64.

Geometrical Optics

Find direction of the finally refracted kA0

: _ 3 I,
ray if = 5 i
(A) Parallel to x axis  (B) Parallel to z axis
(C) Parallel to y axis (D) Parallel to face AB

[ C. 41.82%, 1.C. 34.23%, U.A. 23.95% |

Find the equation of ray coming out

of prism if bottom BC is silvered (u
3

=3
(A)z++/3x=10
(C)z++/3x=20

(B) v/3z+x=10
M)x+z=10+/3

[ C.39.91%, I.C. 28.67%, U.A. 31.42% |

Question No. 65-67

Paragraph:

65.

In the figure one converging lens and
a concave mirror of focal length f
each are arranged coaxially at a
separation of f/2. An object of height
3.5 mm is placed at a distance f/2
from lens away from mirror.
Consider refraction with lens,
reflection from mirror and then
refraction from lens again and
corresponding images as [, I, and I3

respectively.
Answer the following questions.
f f
3.5mm I /\ X
{ \/ 3
[« > < |
) f2

Which of the following is correct
regarding nature of images -

(A) I : Real, I, : Real, I5 : Real
(B) I : Virtual, I, : Real, I5 : Real
(C) 1 : Virtual , I, : Virtual, I3 : Real
(D) None of the above
[ C. 41.43%, 1.C. 24.12%, U.A. 34.45% |

66. Net magnification in three
consecutive optical events is -

A) -3
(B) +2
©) +3
(D) None

[ C. 40.00%, 1.C. 23.54%, U.A. 36.46% |

67. Find the distance of tip of final image EHiaEm
from optical center of lens (if f=7 5
cm) is -

(A) 5cm
(B) v/29 cm
(C) /2516 cm

(D) 12 cm

[ C. 39.65%, 1.C. 29.35%, U.A. 31.00% |

(Column Match)

68. Column I indicate the nature of
image formed column II indicate the
location of the object, then match

column I with column II:

Column-I
(Nature image)

Column-II (Position of object)

object is

between pole &
focus of a convex
mirror

object is between pole & focus
of a concave mirror

(A) |[Real (P

~

(B) |Virtual Q)

object is between pole & centre
of curvature of a convex mirror
object is between pole & centre
of curvature of a

(C) [Magnified |(R

7

(D) |Erect (S

~

(A)A-P,S; B-R,Q; C-P,Q,R,S; D-P,Q
(B)A-R,Q; B-PR; C-P,Q,R,S; D-PQ
(C)A-PS; B-R,Q; C-R,S; D-PQ

(D) A-PS; B-R,Q; C-PQ; D-PQ,R.,S

[ C.32.19%, I.C. 27.31%, U.A. 40.50% ]
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69. A bird in air is diving vertically over — Ei
a tank with speed 6¢cm/sec. Base of L
tank is silvered. A fish in the tank is
rising upward along the same line
with 4cm/sec.

Column-I golumn—

Speed of image of fish as seen by the

(A) b?rd directly ¢ Y (P) |12
Speed of image of fish after reflection

(B) frI())m mirror ags seen by bird Q @

Speed of'image of bird relative to the ®) 9

fish looking upwards

D) Speed of_image of bird re?lative to the ) B
fish looking downwards in the mirror

©

(A)A-R; B-S; C-Q; D-P
(B)A-R; B-P; C-S; D-Q
(C)A-S; B-R; C-P; D-Q
(D)A-R; B-S; C-P; D-Q

[ C. 29.73%, 1.C. 31.54%, U.A. 38.73% |
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Geometrical Optics

Exercise 3

Numerical Type

The focal length of the objective of an é‘

astronomical telescope is 75 cm and that .' R

of the eye-piece is 5 cm. If the final image
is formed at the least distance of distinct
vision from the eye, calculate the

magnifying power of the telescope.

Two plane mirrors of length L are

separated by distance L. and a man M, is

standing at distance L from the connecting
line of mirrors as shown in figure. A man
M; is walking in a straight line at distance
2 L parallel to mirrors at speed u=3 unit
per sec, then man M, at O will be able to
see image of M for total time .....(take L=
6 units)

I
u':LM1 L
: 4
M,
L \
L
< -
2L

A transparent cube of 15 cm edge
contains a small air bubble . Its
apparent depth when viewed through
one face is 6 cm and when viewed
through the opposite face is 4 cm.
Then the refractive index of the
material of the cube is

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

o

Arod AB of length 5 cm is placed in Exgim
front of a concave mirror of focal ;
length 10 ¢cm as shown in figure. The
length of the image of AB formed by
the mirror (in cm) is

5cm 15 cm

A concave mirror has the form of a EiiEm
hemisphere with a radius of R = 60 i

cm. A thin layer of an
unknown transparent liquid is poured
into the mirror. The mirror-liquid
system forms one real image
and another real image is formed by
mirror alone, with the source in a
certain position. One of
them coincides with the source and
the other is at a distance of
1=30 cm from source. Find the
possible value(s) refractive index p
of the liquid.

In the figure shown, find the relative =i
speed of approach/separation of the
two final images formed after the
light rays pass through the lens, at
the moment when u = 30 cm. The
speed object = 4 cm/s. The two lens
halves are placed symmetrically
w.r.t. the moving object in cm/s

=40cm

]

O]k
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10.

11.

Geometrical Optics

In the figure shown ‘O’ is point [l

object. AB is principal axis of the
converging lens of focal length F.
Find the distance (in units) of the
final image from the lens.....(take F=
5 unit and d=3 unit)

F
o [\
A—* L}

A ray of light from a denser medium

—B

\i\q\\::(( ‘\\\\.:\‘.

reflection is r and that of refraction is
r’. The reflected and refracted rays
make an angle of 90° with each other.
The critical angle will be.......(in
degree) ,(take r = 45°)

The apparent depth of water in

cylindrical water tank of diameter 2R g2

cm (where R= 10 cm is reducing at
the rate of x=2 cm min~! when water
is being drained out at a constant
rate. The amount of water drained in
cc per minute is (n; = refractive
index of air =1, ny, = refractive
index of water = 1. 33)

A thief is running away in a car with
velocity of 20 m/s. A police jeep is
following him, which is sighted by
thief in his rear view mirror which is
a convex mirror of focal length 10 m.
He observes that the image of jeep is
moving towards him with a velocity
of lcm/s. If the magnification of the
mirror for the jeep at that time is 1/10
, then rate at which magnification is
changing in —x x 102, find x
Assume that police jeep is on axis of
the mirror.

Dy’ d
2

2]
M

12.

13.

14.

A surveyor on one bank of canal
observed the image of the 4 inch and
17 ft marks on a vertical staff, which
is partially immersed in the water
and held against the bank directly
opposite to him, coincides. If the 17
ft mark and the surveyor's eye are
both 6ft above the water level,
estimate the width of the canal (in
feet) , assuming that the refractive
index of the water is 4/3.

A ray of light travelling in air is
incident at grazing angle (incidence
angle = 90°) on a medium whose
refractive index depends on the depth
of the medium. The trajectory of the
light in the medium is a parabola, y =
2x2. Find the refractive index of the
medium at a depth of 1 m in the
medium.
y

F 3

3
~

depth of medium
.e_

A equilateral prism provides the least
deflection angle 46°
refracting index of an unknown
liquid in which same prism gives
least deflection angle of 30° is
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15. A beam of diameter ‘d” is incident on EyamE
a glass hemisphere as shown. If the RS

16.

Geometrical Optics

Question No. 17 & 18

radius of curvature of the hemisphere
is very large in comparison to d, then
the diameter of the beam at the base
of the hemisphere will be (take d=3)

A parallel beam of light falls mEza
normally on the first face of a prism i

of small angle. At the second face it
is partly transmitted and partly
reflected, the reflected beam striking
at the first face again, and
emerging from it in a direction
making an angle 6°30° with
the reversed direction of the incident
beam. The refracted beam is found to
have undergone a deviation of
1°15* from the original direction.
Find the refractive index of the glass
and the angle of the prism.

Paragraph:

17.

18.

A detective uses a converging lens of
focal length 12 cm to examine the
fine details of some cloth fibers
found at the scene of a crime.

What is the maximum magnification
given by the lens?

What is the magnification for relaxed
eye viewing
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Geometrical Optics

Exercise 4 (Level-A)

JEE Main (Previous Year Questions)

The focal length f is related to the Egmm

radius of curvature r of the spherical #
convex mirror by - ]
(A)f=r (B)f=—%r
(©)f=+ 4t (D) f=—r

[ C. 66.50%, I.C. 17.63%, U.A. 15.87% | (JEE Main 2021)

Consider a light ray travelling in air
is incident into a medium of
refractive index +/2n. The incident
angle is twice that of refracting
angle. Then, the angle of incidence

will be:
(B) cos! <\/§)

(A) sin~" (y/n)
(C) sin™! (\/ﬂ) (D) 2 cos ™! (\/g )

[ C.32.76%, I.C. 53.45%, U.A. 13.79% | (JEE Main 2022)

The refracting angle of a prism is A @
and refractive index of the material &
of the prism is cot (A/2). Then the ® :
angle of minimum deviation will be -
(A) 180° —2A

(B)90° —A

(C) 180° +2A

(D) 180° —3A

[ C. 32.61%, I.C. 50.00%, U.A. 17.39% ] (JEE Main 2022)

Which of the following statements is

EI
correct ?

..-l;lr

EIR
(A) In primary rainbow, observer sees red
colour on the top and violet on the bottom
(B) In primary rainbow, observer sees violet
colour on the top and red on the bottom

(C) In primary rainbow, light wave suffers
total internal reflection twice before coming
out of water drops.

(D) primary rainbow is less bright than

secondary rainbow.
[ C. 31.03%, 1.C. 40.23%, U.A. 28.74% | (JEE Main 2022)

5. The aperture diameter of a telescope Eiamm

is 5 m. The separation between the
moon and the earth is 4 x 10° km.
With light of wavelength of 5500 A,
the minimum separation between
objects on the surface of moon, so
that they are just resolved, is close to

(A) 600 m (B) 60 m
(€)20m (D) 200 m

[ C. 30.72%, 1.C. 30.72%, U.A. 38.56% | (JEE Main 2020)

A vessel of depth 2h is half filled mEiggm

with a liquid of refractive index 2v/2 EREE:
and the upper half with another HF==3

liquid of refractive index +/2. The

liquids are immiscible. The apparent

depth of the inner surface of the

bottom of vessel will be :

(A) 5
(B) ;==
(C) 2hv2

h
e e}

[C.27.70%, I.C. 18.65%, U.A. 53.65% ] (JEE Main 2020)

Car B overtakes another car A at a ElfamE
relative speed of 40 ms™. How fast }

will the image of car B appear to
move in the mirror of focal length 10
cm fitted in car A, when the car B is
1.9 m away from the car A?

(A) 0.1 ms™!
(B) 0.2 ms™!
(C) 4 ms™

(D) 40 ms™

[C.27.15%, 1.C. 17.17%, U.A. 55.68% ] (JEE Main 2021)

Eed
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8.

10.

Geometrical Optics

11.

A short straight object of height 100 =
cm lies before the central axis of a g5
spherical mirror whose focal length ™
has absolute value |f| = 40 cm. The
image of object produced by the
mirror is of height 25 cm and has the
same orientation of the object. One
may conclude from the information :

(A) Image is real, same side of concave

mirror.

(B) Image is virtual, opposite side of convex

mirror.

(C) Image is virtual, opposite side of concave

mirror.

(D) Image is real, same side of convex mirror.
[ C. 25.43%, 1.C. 56.90%, U.A. 17.67% | (JEE Main 2021)

A prism of refractive index u and B
angle of prism A is placed in the Z&3
position of minimum angle of MEE
deviation. If minimum angle of
deviation is also A, then in terms of
refractive index value of A is

(A) sin”! ()
(B) 2 cos” ( )

(C) sin (\/>>

(D) cos™! (5)

[ C. 23.26%, I.C. 55.81%, U.A. 20.93% | (JEE Main 2021)

An object is placed on the principal
axis of convex lens of focal length 10
cm as shown. A plane mirror is
placed on the other side of lens at a
distance of 20 cm. The image
produced by the plane mirror is 5 cm
inside the mirror. The distance of the
object from the lens is cm.

U{—EO CcIm—>
L

[ C.22.76%, I.C. 35.45%, U.A. 41.79% | (JEE Main 2023)

e
o

TIPS PP PP R Pr FPPPPTFPT,

<

12.

13.

14.

15.

A ray of light is incident at an angle =
of incidence 60° on the glass slab of 43
refractive index /3. After refraction,
the light ray emerges out from other
parallel faces and Ilateral shift
between incident ray and emergent
ray is 44/3cm. The thickness of the
glass slab is cm.

[ C.22.29%, I.C. 22.87%, U.A. 54.84% ] (JEE Main 2022)

Two objects A and B are placed at
15 cm and 25 cm from the pole in
front of a concave mirror having
radius of curvature 40 cm. The
distance between images formed by
the mirror is

(A) 100 cm(B) 60 cm (C) 160 cm(D) 40 cm

[ C. 22.08%, 1.C. 37.38%, U.A. 40.54% | (JEE Main 2023)

EiEE
1".

EIF

A point object in air is in front of the
curved surface of a plano-convex
lens. The radius of curvature of the
curved surface is 30 cm. and the
refractive index of the lens material
is 1.5, then the focal length of the
lens (in cm) is.................

[ C. 20.08%, I.C. 12.01%, U.A. 67.91% ] (JEE Main 2020)

If we need a magnification of 375
from a compound microscope of tube 3§
length 150 mm and an objective of ™
focal length 5 mm, the focal length
of the eye-piece, should be close to:

(A) 22 mm (B) 12 mm (C) 2 mm (D) 33 mm

[ C. 19.80%, I.C. 48.52%, U.A. 31.68% ] (JEE Main 2020)

HE

In a medium the speed of light wave =i
decreases to 0.2 times to its speed in %
free space The ratio of relative
permittivity to the refractive index of
the medium is x : 1. The value of x is

(Given speed of light in free space
=3 x10°m/sand for the given
medium p, = 1)

[ C. 19.58%, I.C. 26.81%, U.A. 53.61% | (JEE Main 2023)
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16.

17.

18.

Geometrical Optics

When an object is kept at a distance @&
of 30 cm from a concave mirror, the #3
image is formed at a distance of 10 =
cm from the mirror. If the object is
moved with a speed of 9 cms™! along

the principal axis, the speed (in cms™

") with which image moves at that
instant is

[ C. 19.49%, 1.C. 11.78%, U.A. 68.73% | (JEE Main 2020)

A light ray enters a solid glass sphere C
of refractive index pu=+/3 at an
angle of incidence 60°. The ray is
both reflected and refracted at the
farther surface of the sphere. The
angle (in degrees) between the
reflected and refracted rays at this
surface is

".;.'

[ C. 19.30%, 1.C. 49.12%, U.A. 31.58% | (JEE Main 2020)

A ray of light passes from a denser [
medium to a rarer medium at an ':a%
angle of incidence i. The reflected ™
and refracted rays make an angle of
90° with each other. The angle of
reflection and  refraction are
resepectively r and r'. The critical
angle is given bly :

o

(A) sin™! (tanr)
(B) sin”! (tanr)
(C) sin”!(cotr)
(D) tan~!(sini)

[C. 18.75%, 1.C. 68.75%, U.A. 12.50% | (JEE Main 2021)

19.

21.

22.

23.

.In a compound microscope, the

A small bulb is placed at the bottom
of a tank containing water to a depth &
of /7 m. The refractive index of [

water 1s % . The area of the surface

of water through which light from
the bulb can emerge out is xam?. The
value of x is

[C. 18.10%, I.C. 12.76%, U.A. 69.14% | (JEE Main 2022)

R0
magnified virtual image is formed at %

a distance of 25 cm from the eye-
piece. The focal length of its
objective lens is 1 cm. If the
magnification is 100 and the tube
length of the microscope is 20 cm,
then the focal length of the eye piece
lens (in cm) is

[C. 17.78%, 1.C. 55.56%, U.A. 26.66% | (JEE Main 2020)

A thin lens made of glass (refractive
index = 1.5) of focal length f= 16 cm
is immersed in a liquid of refractive
index 1.42. If its focal length in
liquid is fj, then the ratio f; / f is
closest to the integer :

A)17 @B 1 (€)9 (D)5

[C.17.24%, I.C. 52.87%, U.A. 29.89% | (JEE Main 2020)

The magnifying power of a telescope
with tube length 60 cm is 5. What is
the focal length of its eye piece

(A)10cm (B)20cm (C)40 cm (D) 30 cm

[ C.16.98%, I.C. 57.55%, U.A. 25.47% ] (JEE Main 2020)

Region I and II are separated by a o]
spherical surface of radius 25 cm. An
object is kept in region I at a distance
of 40 cm from the surface. The
distance of the image from the
surface is :

(A) 5544 cm (B) 9.52 cm
(C) 37.58 cm (D) 18.23 cm

[ C. 15.79%, 1.C. 26.32%, U.A. 57.89% ] (JEE Main 2021)
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24.

25.

26.

27.

Geometrical Optics

The distance between an object and a @&
screen is 100 cm. A lens can produce [
real image of the object on the screen
for two different positions between
the screen and the object. The
distance between these two positions
is 40 cm. If the power of the lens is

close to (1—1(\)10) D where N is an

integer, the value of N is

[ C. 15.39%, 1.C. 71.79%, U.A. 12.82% ] (JEE Main 2020)

Given below are two statements: One
is labeled as Assertion A and the
other is labeled as Reason R.
Assertion A : For a simple
microscope, the angular size of the
object equals the angular size of the
image.

Reason R : Magnification is achieved
as the small object can be kept much
closer to the eye than 25 cm and
hence it subtends a large angle.

In the light of the above statements,
choose the most appropriate answer
from the options given below:

(A) Both A and R are true but R is not the
correct explanationof A

(B) Both A and R are true and R is the correct
explanation of A

(C) Ais true but R is false

(D) A is false but R is true

[ C. 15.26%, 1.C. 75.42%, U.A. 9.32% | (JEE Main 2021)

A ray of light passing through A Ee
prism (p = 4/3) suffers minimum &2
deviation. It is found that the angle of ;
incidence is double the angle of
refraction within the prism. Then, the

angle of prism is (in
degrees)

[ C. 13.08%, I.C. 8.93%, U.A. 77.99% ] (JEE Main 2021)

The same size images are formed by musz
a convex lens when the object is
placed at 20 cm or at 10 cm from the g
lens. The focal length of convex lens

is cm.

[ C. 11.28%, 1.C. 60.06%, U.A. 28.66% | (JEE Main 2021)

28.

29.

30.

31.

A ray of light is incident from air on
a glass plate having thickness ..',,'
v/3 cm and refractive index /2. The ME#
angle of incidence of a ray is equal to

the critical angle for glass-air
interface. The lateral displacement of

the ray when it passes through the
plate is x 1072
(givensin15° = 0.26)

[ C. 11.21%, 1.C. 28.51%, U.A. 60.28% | (JEE Main 2023)

A light wave travelling linearly in a
medium of dielectric constant 4, &
incident on the horizontal interface ¥
separating medium with air. The
angle of incidence for which the total
intensity of incident wave will be
reflected back into the same medium
will be :

(Given relative permeability of
medium p, = 1)

(A) 10° (B) 20°

(©) 30° (D) 60°

[C. 10.78%, 1.C. 49.10%, U.A. 40.12% | (JEE Main 2022)

A convex lens of refractive index 1. 5

and focal length 18 cm in air is

immersed in water. The change in

focal length of the lens will be
cm.

ElerE

(Given refractive index of water = %)

[C. 9.62%, I.C. 28.72%, U.A. 61.66% | (JEE Main 2023)

Unpolarised light is incident on the El
boundary between two dielectric
media, whose dielectric constants are
2.8 (medium -1) and 6.8 (medium-2),
respectively. To satisfy the condition,
so that the reflected and refracted
rays are perpendicular to each other,
the angle of incidence should be

1/2
-1 (1 + %) the value of 6 is

(Given for dielectric media, pu, = 1)

[ C. 9.29%, 1.C. 52.42%, U.A. 38.29% | (JEE Main 2023)
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32.

33.

34.

Geometrical Optics

35.

The refractive index of a converging E
lens is 1.4. What will be the focal Z
length of this lens if it is placed in a
medium of same refractive index?
Assume the radii of curvature of the
faces of lens are R; and
R, respectively.

(A) Zero

[ET:
=

RiR,
B) g5,

(C) Infinite

D)1

[C.816%, I1.C. 71.43%, U.A. 20.41% ] (JEE Main 2021)

Two identical thin biconvex lenses of
focal length 15 cm and refractive
index 1.5 are in contact with each
other. The space between the lenses
is filled with a liquid of refractive
index 1.25. The focal length of the
combination is cm.

[ C. 6.21%, I.C. 36.52%, U.A. 57.27% ] (JEE Main 2022)

A microscope is focused on an object El =
at the bottom of a bucket. If liquid
with refractive index g is poured

inside the bucket, then microscope
have to be raised by 30 c¢cm to focus
the object again. The height of the
liquid in the bucket is :

(A) 12 cm

(B) 50 cm

(C) 18 cm

(D) 75 cm

[ C. 5.91%, 1.C. 57.08%, U.A. 37.01% | (JEE Main 2023)

36.

37.

As shown in the figure, a @
combination of a thin plano concave 2
lens and a thin plano convex lens is
used to image an object placed at
infinity. The radius of curvature of
both the lenses is 30 cm and
refraction index of the material for
both the lenses is 1.75. Both the
lenses are placed at distance of 40 cm
from each other. Due to the
combination , the image of the object
is formed at distance x =

cm, from concave lens.

i
W Cm.

—
S
—
—_—
—

Qg ——

[ C. 4.08%, I.C. 29.25%, U.A. 66.67% | (JEE Main 2023)

A deviation of 2" is produced in the mEiE
yellow ray when prism of crown and gz
flint glass are achromatically
combined. Taking dispersive powers
of crown and flint glass as 0.02 and
0.03 respectively and refractive index
for yellow light for these glasses are
1.5 and 1.6 respectively. The
refracting angles for crown glass
prism will be ° (in degree).
(Round off to the Nearest Integer)

[ C. 4.06%, I.C. 30.00%, U.A. 65.94% | (JEE Main 2021)

=

In an experiment for estimating the ---'
value of focal length of converging
mirror, image of an object placed at
40 cm from the pole of the mirror is
formed at distance 120 cm from the
pole of the mirror. These distances
are measured with a modified scale
in which there are 20 small divisions
in 1 cm. The value of error in
measurement of focal length of the
1

mirror 1S + cm. The value of K is

[ C. 0.64%, 1.C. 22.65%, U.A. 76.71% | (JEE Main 2023)
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Exercise 4 (Level-B)

JEE Advanced (Previous Year Questions)

A wide slab consisting of two media of &
refractive indices n; and n, is placed in air :
as shown in the figure. A ray of light is
incident from medium n; to n, at an angle

0, where sind is slightly larger than 1/n;.
Take refractive index of air as 1. Which of
the following statement(s) is(are) correct?

air

(A) The light ray enters air if n, = n;

(B) The light ray is finally reflected back into
the medium of refractive index n; if np,<n;
(C) The light ray is finally reflected back into
the medium of refractive index ny if n,> n;
(D) The light ray is reflected back into the

medium of refractive index n; if n,=1
[ C. 58.84%, 1.C. 26.42%, U.A. 14.74% | (JEE Adv. 2021)

For an isosceles prism of angle A and @
refractive index u, it is found that the =
angle of minimum deviation §,, =
Which of the following options is/
are correct?

o ]

(A) At minimum deviation, the incident angle
1} and the refracting angle r; at the first
refracting surface are related by r; = (i;/2)
(B) For this prism, the refractive index p and
the angle of prism A are related as

A= Leos 1 (%)
(C) For the angle of incidence i; = A, the ray
inside the prism is parallel to the base of the
prism

(D) For this prism, the emergent ray at the
second surface will be tangential to the
surface when the angle of incidence at the first
surface is

i; = sin~? [SinA \/4 cos? % —1—cosA

[ C. 57.00%, 1.C. 23.00%, U.A. 20.00% ] (JEE Adv. 2017)

A transparent slab of thickness d has El
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, (>n;), as shown in
the figure. ray of light is incident
with angle 6; from medium 1 and
emerges in medium 2 with refraction
angle ¢ with a lateral displacement 1.

n=constant \0. 1

, l n(2) I ;

n,=constant

F 3
h 4

ef
Which of the following statement(s)
is(are) true?
(A) ¢ is independent of n,
(B) £ is dependent on n(z)
(C) n; sin 6, = n, sin O¢
(D) n; sin 6; = (n, —n;) sin O¢
[ C. 53.60%, 1.C. 20.80%, U.A. 25.60% ] (JEE Adv. 2016)
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4. Four combinations of two thin lenses EaEE
are given in List 1. The radius of %
curvature of all curved surface is r =F3
and the refractive index of all the
lenses is 1.5, Match lens
combinations in List I with their
focal length in List II and select the
correct answer using the code given

below the lists.
List I List IT

P. (I] 1. 2r
Q. m 2.12

(A) P-1,Q-2, R-3, S-4
(B) P-2, Q-4, R-3, S-1
(C) P-4,Q-1,R-2, S-3
(D) P-2, Q-1, R-3, S-4

[ C.47.37%, I.C. 33.08%, U.A. 19.55% | (JEE Adv. 2014)

5. ListI contains four combinations of [
two lenses (1 and 2) whose focal E
lengths (in cm) are indicated in the
figures. In all cases, the object is
placed 20 cm from the first lens on
the left, and the distance between
the two lenses is 5 cm. List Il
contains the positions of the final

images.
List-T List-IT
f=+10 +15 L .
Final image is
T m formed at
I [O-— P|7.5 cm on the
right side of
$50em” 1* Sem > lens 2.
f=+10  -10 Final image is
T m V formed at
n o - Q[60.0 cm
I U on the right
. side of lens 2.
20cm ™ 1 5cm 2
f=+10 -20 L .
Final image is
T m 7 formed at
(In|o0 - R|30.0 cm
' L on the left side
e————P of lens 2.
20cm”™ 1 5cm 2
f=—20 +10 o )
Final image is
T V formed at
(IV) 0 i S16.0 cm on the
i :’ \ right side of
20cm ™ 1+ Scm lens 2.
Final image is
formed at
T|30.0 cm
on the right
side of lens 2.

Which one of the following opotions
is correct ?

(A) I>P, IR, [II—Q, IV—>T
(B) I-Q, II-P, [II-T, IV—>S
(C) I-P, II-T, [II-R, IV—Q
(D) I-T, II—S, IMI—Q, IV—R

[ C. 45.17%, I.C. 35.48%, U.A. 19.35% | (JEE Adv. 2022)

Mortion EducaTtion | 394 - Rajeev Gandhi Nagar |©: 1800-212-1799 | url : www.motion.ac.in | Page No. # 109




Geometrical Optics

6. A parallel beam of light is incident [
from air at 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 « has
a minimum value of 45°, The angle 6
of the prism is

i

p

)
Q R
(A) I5° (B) 22.5°
(C) 30° (D) 45°

[ C. 43.57%, 1.C. 33.57%, U.A. 22.86% | (JEE Adv. 2016)

7. A plano-convex lens is made of a EiummE
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
observed at a distance of 10 cm away
from the lens. Which of the
following statement(s) is(are) true?

(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

[ C. 41.51%, 1.C. 33.02%, U.A. 25.47% | (JEE Adv. 2016)

8. A thin convex lens is made of two Eiz@E
materials with refractive indices n; &
and np, as shown in figure. The
radius of curvature of the left and
right spherical surfaces are equal. fis
the focal length of the lens when n; =
n, = n. The focal length is f + Af
when nj = n and n, = n +
An.Assuming An << (n — 1) and 1 <
n < 2, the correct statement(s) is/are.

(A) If 22 <0thenif‘c>0

<

(C) The relation between A—: and (=

remains

unchanged if both the convex surfaces are
replaced by concave surfaces of the same
radius of curvature.

(D) Forn=1.5, An= 1073 and f= 20 cm, the
value of | Af | will be 0.02 cm (round off to

2" decimal place).
[ C. 40.20%, I.C. 23.53%, U.A. 36.27% ] (JEE Adv. 2019)
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Three plane mirrors form an i
equilateral triangle with each side ; ;
of length L. There is a small hole at
a distance [ > 0 from one of the
corners as shown in the figure. A
ray of light is passed through the
hole at an angle € and can only
come out through the same hole.
The cross section of the mirror
configuration and the ray of light

lie on the same plane.

Which of the following statement(s)
is(are) correct?

(A) The ray of light will come out for § = 30~
,for0 <1 < L.
(B) There is an angle for [ = % at which the
ray of light will come out after two
reflections.
(C) The ray of light will NEVER come out
for@ =60°,andl = %
(D) The ray of light will come out for § = 60°
and 0 <1 < % after six reflections.

[ C. 39.43%, 1.C. 30.99%, U.A. 29.58% ] (JEE Adv. 2022)

10. A transparent thin film of uniform [

11.

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, = 1.5, as shown in the
figure. Rays of light parallel to the
axis of the cylinder traversing
through the film from air to glass 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

/nl
Air n,
(A) [fi] = 3R (B) [f;| = 2.8R
(O) [fs] = 2R (D) |fi] = 1.4R

[ C.38.10%, I.C. 32.14%, U.A. 29.76% | (JEE Adv. 2014)

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

L sew g
(A) 60 cm (B) 70 cm
(©) 80 cm (D) 90 cm

[ C. 35.46%, 1.C. 29.09%, U.A. 35.45% ] (JEE Adv. 2015)
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12.

13.

Geometrical Optics

A wire is bent in the shape of a right @
angled triangle and is placed in front &
of a concave mirror of focal length f,
as shown in the figure. Which of the
figures shown in the four options
qualitatively represent(s) the shape of
the image of the bent wire ? (These
figures are not to scale.) ?

N
%XT

[ C. 35.16%, I.C. 50.00%, U.A. 14.84% | (JEE Adv. 2018)

An extended object is placed at point Eas
0, 10 cm in front of a convex lens L; ey
and a concave lens L, is placed 10

cm behind it, as shown in the figure.

The radii of curvature of all the
curved surfaces in both the lenses are

20 cm. The refractive index of both

the lenses is 1.5. The total
magnification of this lens system is

L, L,

N
10 cm \V/ 10 cm A

(A)04 (B)0.8 (C)13 (D)1.6

[ C. 32.68%, 1.C. 38.05%, U.A. 29.27% | (JEE Adv. 2021)

14. 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 40 cm. The mirror is
tilted such that the axis of the mirror
is at an angle 6 = 30° to the axis of
the lens, as shown in the figure.

f=30cm

T ‘~~~ "l’
1 o N
(-50,0) \/(0,0) §
s

(50+50J§,750)
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
(A) (0, 0)
(B) (50 — 25 /3.,25)
(©) (25,25V/3)
(D) (125/ 3,25 1/3)

[ C. 28.83%, I.C. 42.34%, U.A. 28.83% | (JEE Adv. 2016)
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15. For a prism of prism angle 8 = 60°,
the refractive indices of the left half #
and the right half are, respectively, n;
and n, (n, > n;) as shown in the
figure. The angle of incidence i is
chosen such that the incident light
rays will have minimum deviation if
n; = n, = n = 1.5. For the case of
unequal refractive indices, n; = n and
n, = n + An (where An << n), the
angle of emergence ¢ = i + Ae.
Which of the following statement(s)
is (are) correct ?

(A) The value of Ae (in radians) is greater
than that of An
(B) Ae is proportional to An

(C) Ae lies between 2.0 and 3.0 milliradians,
if An=2.8 x 103
(D) Ae lies between 1.0 and 1.6 milliradians,
if An=2.8 x 103

[ C. 28.23%, I.C. 13.88%, U.A. 57.89% ] (JEE Adv. 2021)

16. Three glass cylinders of equal height
H =30 cm and same refractive index
n = 1.5 are placed on a horizontal
surface as shown in figure. Cylinder I
has a flat top, cylinder II has a
convex top and cylinder III has a
concave top. The radii of curvature
of the two curved tops are same (R =
3m). If Hy, H, and Hj are the
apparent depths of a point X on the
bottom of the three cylinder,
respectively, the correct statement(s)
is/are :

1 1 III

X
(A) H; > H,
(B)0.8cm < (Hy, —H;)<0.9cm
(C) Hy>H,
(D) Hy > H;

[ C. 25.22%, 1.C. 19.20%, U.A. 55.58% ] (JEE Adv. 2019)
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Paragraph:

17.

Que. No. 17 -18

Light guidance in an optical fiber can
be understood by considering a
structure comprising of thin solid
glass cylider 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 iy, are confined in the medium
of refractive index n;. The numerical
aperture (NA) of the structure is
defined as sin iy,.

n,>n,
Air Cladding n,
B Core N\,
/ n, \/

For two structures namely S; with n; E
=./45 / 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)

(A) NA of S| immersed in water is the same
as that of S, immersed in a liquid of refractive

. 16
index VT
(B) NA of S; immersed in liquid of refractive

index 2% is the same as that of S, immersed
V15

in water
(C) NA of S| placed in air is the same as that

of S, immersed in liquid of refractive index
4
V15
(D) NA of S| placed in air is the same as that
of S, placed in water
[ C. 23.53%, 1.C. 27.73%, U.A. 48.74% | (JEE Adv. 2015)

18.

19.

If two structures of same cross-
sectional  area, but  different
numerical apertures NA; and NA,
(NA, < NA,) are joined
longitudinally, the numerical aperture
of the combined structure is

NA,; NA,
(D) NA;

(C)NA,
[ C. 20.00%, 1.C. 60.00%, U.A. 20.00% | (JEE Advy. 2015)

A monochromatic light is travelling
in a medium of refractive index n =
1.6. It enters a stack of glass layers
from the bottom side at an angle 6 =
30°. The interfaces of the glass layers
are parallel to each other. The
refractive indices of different glass
layers are monotonically decreasing
as n, = n - mAn, where np, is the
refractive index of the m™ slab and
An = 0.1 (see the figure). The ray is
refracted out parallel to the interface
between the (m-1)" and m™ slabs
from the right side of the stack. What
is the value of m?

m n-mAn

\J

[ C. 18.56%, 1.C. 51.54%, U.A. 29.90% ] (JEE Adv. 2017)
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20.

21.

Geometrical Optics

A monochromatic beam of light is ExEm
incident at 60° on one face of an ws

equilateral prism of refractive index
and emerges from the opposite face
making an angle € (n) with the
normal (see the figure). For n = /3
the value of 0 is 60° and g—z= m. The

value of m is-

[ C. 14.61%, 1.C. 68.54%, U.A. 16.85% | (JEE Adv. 2015)

Consider a concave mirror and a
convex lens (refractive index = 1.5) #
of focal length 10 cm each,separated
by a distacne of 50 cm in air
(refractive index = 1) as shown in the
figure. An object is placed at a
distacne of 15 cm from the mirror. Its
erect 1image 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

. M, .
magnitude |ﬁ| is

S
Y

50 em

[ C. 12.12%, I.C. 54.55%, U.A. 33.33% | (JEE Adv. 2015)

22. Consider a configuration of n EiEE

identical units, each consisting of g
three layers. The first layer is a ="+
column of air of height h = %cm,

and the second and third layers are of

(v3-1)
2

refractive indices p; = \/g and

ty = /3 respectively. A light source
O is placed on the top of the first
unit, as shown in the figure. A ray of
light from O is incident on the
second layer of the first unit at an
angle of @ = 60° to the normal. For a
specific value of n, the ray of light
emerges from the bottom of the
configuration = at a  distance
I = % cm, as shown in the figure.

V3
The value of n is

O
I

equal thickness d = cm, and

n units

[ C. 12.05%, 1.C. 45.78%, U.A. 42.17% ] (JEE Adv. 2022)
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23.

24.

25.

Geometrical Optics

A rod of length 2 cm makes an angle

2?” rad with the principal axis of a

2
thin convex lens. The lens has a focal ®
length of 10 cm and is placed at a

distance of 43—0 cm from the object

as shown in the figure. The height of

the image is % cm and the angle

made by it with respect to the
princi ﬂpal axis is a rad. The value of
ais = rad, where n is

gt ﬂ
40 U
—cm

3

—

3043
13 cm

[ C. 11.49%, I.C. 22.98%, U.A. 65.53% | (JEE Adv. 2022)

from air on a refractlng surface of a &
prism of angle 75° and refractive
index ng = /3. The other refracting
surface of the prism is coated by a
thin film of material of refractive
index n as shown in figure. The light
suffers total internal reflection at the
coated prism surface for an incidence
angle of § < 60°. The value of n? is

[ C. 7.32%, I.C. 58.53%, U.A. 34.15% ]| (JEE Adv. 2019)

Sunlight of intensity 1.3kW m™
incident normally on a thin convex
lens of focal length 20 cm. Ignore the
energy loss of light due to the lens
and assume that the lens aperture size
is much smaller than its focal length.
The average intensity of light, in kW
m 2, at a distance 22 c¢cm from the
lens on the other side is

[ C. 5.41%, 1.C. 60.36%, U.A. 34.23% | (JEE Adv. 2018)

26.

27.

A perfectly reflecting mirror of mass
M mounted on a spring constitutes a 5

1'%
spring-mass  system of angular ™
4zM0O

frequency o such that —10%m™

with h as Planck's constant. N
photons of wavelength -8 x10° m
strike the mirror simultaneously at
normal incidence such that the mirror
gets displaced by 1um. If the value of
N is x x 10'2, then the value of x is —

[Consider the spring as massless]

—

Light

ILIQY

- |

Mirror

[ C. 4.92%, 1.C. 52.46%, U.A. 42.62% | (JEE Adv. 2019)

An object and a concave mirror of EiEE
focal length f =10 cm both move s
along the principal axis of the mirror
with constant speeds. The object
moves with speed Vo =15 cm s~ !
towards the mirror with respect to a
laboratory = frame. The distance
between the object and the mirror at
a given moment is denoted by u.
When u = 30 cm, the speed of the
mirror Vy, is such that the image is
instantaneously at rest with respect to
the laboratory frame, and the object
forms a real image. The magnitude of
Vmis  cm s™!

i

Vm
V

—

0

1

u

[ C. 3.87%, 1.C. 10.88%, U.A. 85.25% | (JEE Adv. 2022)
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28. An optical bench has 1.5 m long
scale having four equal divisions in %
each cm. While measuring the focal o
length of a convex lens, the lens is
kept at 75 cm mark of the scale and
the object pin is kept at 45 cm mark.
The image of the object pin on the
other side of the lens overlaps with
image pin that is kept at 135 cm
mark. In this experiment, the
percentage error in the measurement
of the focal length of the lens is—

[ C.3.45%, 1.C. 51.72%, U.A. 44.83% | (JEE Adv. 2019)

29. A planar structure of length L and mE#spm
width W is made of two different %-’tF'

optical media of refractive indices
n;=1.5 and n,=1.44 as shown in
figure. If L>>W. a ray entering from
end AB will emerge from end CD
only if the total internal reflection
condition is met inside the structure.
For L=9.6m, if the incident angle is
varried, the maximum time taken by
ray to exit the plane CD is t x 107 S,
where tis ——

[Speed of light c=3x108 m/s]

x

[ C. 2.46%, 1.C. 44.26%, U.A. 53.28% | (JEE Adv. 2019)

30. A large square container with thin ol

31.

transparent vertical walls and filled

with water (refractlve index = %)

is kept on a horizontal table. A
student holds a thin straight wire
vertically inside the water 12 cm
from one of its corners, as shown
schematically in the figure. Looking
at the wire from this corner, another
student sees two images of the wire,
located symmetrically on each side
of the line of sight as shown. The
separation (in cm) between these
images is

Line of sight
__________ [ YR _____'___ff_g____-_:O\

An optical arrangement consists of FEigEm
two concave mirrors M; and M,, and 5
a convex lens L with a common
principal axis, as shown in the figure.
The focal length of L is 10 cm. The
radii of curvature of M; and M, are
20 cm and 24 cm, respectively. The
distance between L and M, is 20 cm.
A point object S is placed at the mid-
point between L and M, on the axis.
When the distance between L and M,
is n/7 cm, one of the images
coincides with S. The value of n is

My L M;

(.
o

20cm

[C. 1.10%, 1.C. 31.86%, U.A. 67.04% | (JEE Adv. 2023)
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Answer Key

Exercise 1 (Level-A) JEE Main Level
1. B 2. B 3. B 4. A 5. A 6. B 7. D 8. A
9. A 10. B 11. A 12. B 13. B 14. D 15. B 16. A
17. D 18. D 19. C 20. A 21. A 22. B 23. A 24, A
25. A 26. D 27. C 28. A 29. C 30. A 31. B 32. A
33. C 34. A 35.D 36. D 37. C 38. C 39. B 40. C
41. C 42. C 43. B 44. B 45. D 46. B 47. D 48. A
49. B 50. A 51. C 52. A 53. C 54. C 55. D 56. B
57. B 58. A 59. B 60. C 61. B 62. A 63. B 64. A
65. B 66. C 67. B 68. C 69. C 70. C 71. A 72. D
73. C 74. B 75. B 76. B 77. A 78. A 79. B 80. B
81. C
Exercise 1 (Level-B) Basic Learning
1. First mirror 2. 3d
3. 0=30° 4. 240° clockwise, 120° anticlockwise
5. 30° clockwise 6. 20
7. Real, inverted, height = 4 cm 8. %msfl
9. dmgl 10. 0

1m. ——

d+vVar

12. towards right 13. D

14. 32
15. 12 16. 30
17. % x 108 sec 18. 6m

19. - 3-1

6 =sin! ( \/:/Q )

21, p=1.17

29 = sin ! (%) 22. 90
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23. 30 24. —0.5D

25. P=+2D 26. 6

27. tanf > % 28.  Dispersive power=0.2
Angular dispersion is 7.2

29. 7.2° 30. Red

31. x=240cm 32. —4.93 cm

33. 150 cm from 2™ surface

34. (a) v = _MexR 35. Converging lens, Real image
2p2—p3—p
(b) g MR 36. Case(1)=(24 cm)— double convex
2ot Case 2 =(—24 cm)— double concave
Case 3 = (—120 cm)— concavo concave
Case 4 = (4120 cm)— concavo convex
37. 1.67 38. 303
39. 4 40. 5D
41. %ch 42. 02m
43. 1.5
44. fy =200 cm 45. P=-25D
46. 151.5cm
47. 270
Exercise 2 JEE Advanced Level
1. B 2. D 3. C 4. A 5. B.C 6. B.D 7. D 8. C
9. B 10. D 11. B 12. B 13. A.B 14. C 15. B,C 16. B
17. C 18. A.D 19. A,B,C 20. A 21. C 22. D 23. D 24. B,C,.D
25. B,C,D 26. B 27. C 28. C 29. B,C,D 30. A,C 31. AC 32. A
33. A 34. D 35. A.B,C 36. A 37.D 38. C 39. D 40. A,B
41. A,C 42. B 43. C 44. C 45. B,C.D 46. A.C 47. A,C 48. B
49. C 50. A 51. ABCD 52. AB 53. ACD  54. AC 55. B,C 56. B
57. A 58. B 59. D 60. AB,C,D 61. ABCD 62.C 63. B 64. B
65. B 66. A 67. C 68. A 69. D

Mortion EducaTion | 394 - Rajeev Gandhi Nagar |©: 1800-212-1799 | url : www.motion.ac.in | Page No. # 119




Geometrical Optics

Exercise 3 Numerical Type
1. -18 2. 12 3. 15 4. 7 5. 10 6. 1.5 7. 1.6 8. 8

9. 90 10. 835.24 11. -1 12. 16 13. 3 14. 1.13 15. 2 16. 1.625
17. 3.1 18. 2.1

Exercise 4 (Level-A) JEE Main (Previous Year Questions)
1. C 2. D 3. A 4. A 5. B 6. C 7. A 8. B

9. B 10. 30 11. 12 12. C 13. 60 14. A 15. 5 16. 1

17. 90 18. A 19. 9 20. 6.25 21. C 22. A 23. C 24. 5

25. B 26. 60 27. 15 28. 52 29. D 30. 54 31. 7 32. C

33. 10 34. D 35. 120 36. 12 37. 32

Exercise 4 (Level-B) JEE Advanced (Previous Year Questions)
1. B,C,D 2. ACD 3. ABC 4. B 5. A 6. A 7. AD 8. ACD
9. AB 10. A,C 11. B 12. D 13. B 14. C 15. B,C 16. C,.D

17. A,C 18. D 19. 8 20. 2 21. 7 22. 4 23. 6 24. 1.5

25. 130 26. 1 27. 3 28. 1.38 29. 50 30. 1.73 31. 150
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