GEOMETRICAL OPTICS [JEE ADVANCED PREVIOUS YEAR SOLVED PAPERS]

JEE Advanced

Single Correct Answer Type

1. When a ray of light enters a glass slab from air.
a. 1ts wavelength decreases
b. its wavelength increases
¢. 1ts frequency increases
d. neither its wavelength nor its frequency changes
(IIT-JEE 1980)
2. A glass prism of refractive index 1.5 is immersed in water
(refractive index 4/3). A light beam normally on the face
AB is totally reflected to reach on the face BC if

a. sin @2 E

b. {sinﬁ‘-‘:{g-

| 2

C. sin <
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d. sin@< o

(IIT-JEE 1981)

3. A convex lens of focal length 40 cm is in contact with

a concave lens of focal length 25 ecm. The power of the
combination is

a. -1.5 dioptres

¢. + 6.5 dioptres

b. -6.5 dioptres
d. + 6.67 dioptres
(II'T-JEE 1982)

4. Aray of light frcm a denser medium strikes a rarer medium
at an angle of incidence i (see figure). The reflected and
refracted rays make an angle of 90° with each other. The
angles of reflection and refraction are r and r. The critical
angle is

5.

a. sin '(tan r) b. sin'(tan /)
¢. sin '(tan ») d. tan'(sin i)
(IIT-JEE 1983)
A short linear object of length b 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
: 112 \172
a. b["_f] b. b[ } J
f u-f
c. b[r”_f] d. b[ / J
/ -

(ITT-JEE 1988)
A beam of light consisting of red, green, and blue colors
Is incident on a right-angled
prism. The refractive indices
of the material of the prism for
the above red, green, and blue
wavelengths are 1.39, 1.44,
and 1.47, respectively. The
prism will
a. separate part of the red color from the green and
blue colors
b. separate part of the blue color from the red and
green colors
¢. separate all the three colors from one another
d. not separate even partially any color from the other
two colors (IIT-JEE 1989)
A thin prism P, with angle 4° and made from glass of
refractive index 1.54 is combined with another thin prism
P, made from glass of refractive index 1.72 to produce
dispersion without deviation. The angle of the prism P, is
a. 5.33° b. 4°
T d. 2.6°

| A (I . A

45°

(IIT-JEE 1990)

. Two thin convex lenses of focal length f, and f, are

separated by a horizontal distance d (where d < f,, d < f,)
and therr centers are displaced by a vertical separation A
as shown in figure.



10.

11.

12.

Taking the origin of coordinates O at the center of the first
lens. the x and y coordinates of the focal point of this lens
system, for a parallel beam of rays coming from the left,
are given by:

1= 'Ifl'f'?l ._1':3
ht /s
b xmllo¥d) 4
fl + .f: ~d .fl + I
c r_,’i.[:"'d(ﬁ"d] A f,=d)
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(II'T-JEE 1993)

. Spherical aberration in a thin lens can be reduced by

a. using a monochromatic light

b. using a doublet combination

¢. using a circular annular mark over the lens

d. increasing the size of the lens (ITT-JEE 1994)
An isosceles prism of angle 120° has a refractive index

|.44. Two parallel monochromatic \
rays enter the prism parallel to each —pe
other in air as shown in the figure. \
The rays emerging from the IZ&
opposite faces. -

a. are parallel to each other /

b. are diverging

¢. make an angle of 2[sin '(0.72)-30°] with each other
d. make an angle of 2 sin"'(0.72) with each other

(IHHT-JEE 1995)
A diminished image of an object is to be obtained on a
screen 1.0 m from it. This can be achieved by appropriately
placing
a. a concave mirror of suitable focal length
b. a convex mirror of suitable focal length
c. aconvex lens of focal length less than 0.25 m
d. aconcave lens of suitable focal length.
(ITT-JEE 1995)
The focal lengths of the objective and the eyepiece of a
compound microscope are 2.0 cmand 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. 24and i2.0 b. 2.4 and 15.0
¢. 2.0and 12.0 d. 2.0and 3.0
(IIT-JEE 1995)

13.

15.

16.

17.

18.

An eye specialist prescribes 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

(IIT-JEE 1997)

. A real image of a distant object is formed by a plano-

convex lens on its principal axis. Spherical aberration
a. 1s absent
b. 1s smaller if the curved surface of the lens faces the
object
¢. 1s smaller if the plane surface of the lens faces the
object |
d. is the same whichever side of the lens laces the
object (II'T-JEE 1998)
A concave mirror 1s placed on a horizontal table. with
its axis directed vertically upward. Let O be the pole of
the mirror and C its center of curvature. A point object is
placed at C. It has a real image, also located at C. If the
mirror is now filled with water. the image will be
a. real, and will remain at C
b. real. and located at a point between C and oo
¢. virtual, and located at a point between C and O
d. real. and located at a point between C and O
(IT'T-JEE 1998)
A spherical surface of radius of curvature R separates air
(refractive index 1.0) from glass (refractive index 1.5).
The center of curvature is in the glass. A point object P
placed in air is found to have a real image Q in the glass.
The line PQ cuts the surface at a point O, and PO = 0Q.
The distance PO is cqual 1o
a. 5R b. 3R c. 2R d. I.5R
(IIT-JEE 1998)
A concave lens of glass. refractive index 1.5, has both
surfaces of same radius of curvature R. On immersion in
a medium of refractive index 1.75, it will behave as a
a. convergent lens of focal length 3.5 R
b. convergent lens of focal length 3.0 R
¢. divergent lens of focal length 3.5 R
d. divergent lens of focal length 3.0 R
(ITT-JEE 1999)
A hollow double concave lens is made of very thin
transparent material. It can be filled with air or either of
two liquids L, or L, having refractive indices y, and pu.
respectively (4, > p, > 1). The lens will diverge a parallel
beam of light if it is filled with
a. air and placed in air
b. air and immersed in L,
¢. L, and immersed in L,

d. L, and immersed in L,. (ITT-JEE 2000)



1.

20.

21.

22,

A point source of light B is placed at a distance L in front
of the center of a mirror of

width *d” hung vertically on a 3
wall. A man walks in front of 4
the mirror along a line parallel
to the mirror at a distance 2L
from it as shown in the figure.
The greatest distance over
which he can see the image of

the light source in the mirror is
a. df2 b. d c. 2d

B
*

ety
: %

| - > |

d. 3d
(ITT-JEE 2000)
A diverging beam of light from a point source S having
divergence angle a, falls symmetrically on a glass
slab as shown. The angles
of incidence of the two
extreme rays are equal.
It the thickness of the
gla~< slab is 1 and the
refracuve index n, then I[
the divergence angle of
the emergent beam 1S
a zero

b
a1l

C. sm  — d. 2:

n/ H
(HHT-JEE 2000)
A rectangular glass slab ABCD of refractive index n, is
immersed in water of refractive index n,(n, < n,). A ray
of light is incident at the
surface AB of the slab as
shown. The maximum
value of the angle of g,
incidence «,,, such that

the ray comes out from the
other surface CD is given by

" I R n
a. sin_'| —cos|sin”'| =
", n,

-

-

™~ | ) I
"I COS| sIn 1
”:
- H
d. sin”'| =
n,

In a compound microscope, the intermediate image is
virtual, erect. and magnified
real. erect. and magnified
real. inverted. and magnified
virtual. erect. and reduced -
(IIT-JEE 2000)
A ray of light passes through four
transparent media with refractive
indices y,. 1. .. and u_ as shown
in the figure. The surfaces of all

(IIT-JEE 2000)
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C. d.

media are parallel. If the emergent ray CD is parallel to
the incident ray AB, we must have

a. =i, b op=p,
C. U,=u, d. u,= (IIT-JEE 2001)
A given ray of light suffers minimum deviation in an

equilateral prism P. Additional prism Q and R of identical
shape and of the same material as P are now added as
shown in the figure. The ray will now suffer

Q

greater deviation

no deviation

same deviation as before

. total internal reflection (IIT-JEE 2001)
An observer can see through a pin-hole the top end of a
thin of height A, placed as shown in the figure. The beaker
height is 3k and its radius A. When the beaker is filled with
a liquid up to a height 2k, he can see the lower end of the
rod. Then the refractive index of the liquid is

Vil

- >
2h
5 5 3 3
a. E b. :7: C. 5 d. '2"
(IIT-JEE 2002)

26. Which one of the following spherical lenses does not

exhibit dispersion? The radii of curvature of the surfaces
of the lenses are as given in the diagrams.

a. b.
R#R

(IIT-JEE 2002)



27. Two plane mirrors A and B are aligned parallel to each
other, as shown in the figure. A light ray is incident at an
angle of 30° at a point just . =B
inside one end of A. The 2J3m f
plane of incidence é_‘
cotncides with the plane
of the figure. The

AAALRAARARRN AN

, . 102m y
maximum number of 305
times the ray undergoes vy i .
reflection (including the 777777 IF?:?
first one) before it \ 4
emerges out 1s

a. 28 b. 30 C 32 d. 34
(IIT-JEE 2002}

28. The size of the image of an object, which is at infinity, as

tormed by a convex lens of focal length 30 cmis 2 cm. If *

a concave lens of focal length 20 cm is placed between
the convex lens and the image at a distance of 26 ¢cm from

the convex lens. calculate the new size of the image.

a. 1.2cm b, 25cem ¢ 1.05em d. 2¢m
(IIT-JEE 2003)
29. Aray of light is incident at the glass—water interface at an
angle i. It merges finally paralle! to the surface of water.

Then, the value of u, would be

Air rL
— 1

2

“’Htcr \ Hy = 43

y!

GIHSS \

a. (4/3)sini b. l/sini
c. 4/3 d. | (ITT-JEE 2003)
30. A beam of white light is incident on glass—air interface
from glass to air such that green light just suffers total
internal reflection. The colors of the light which will come

out to air are
| increases ) :\ir_ :
(Green light)
< < s

>
S SN
| | F l | 1

!l B G Y O R

N
Glass 1™

a. Violet, Indigo. Blue b. All colors éxcept green
¢. Yellow. Orange, Red d. White light

(ITT-JEE 2004)
31. An equilatera! prism is placed on a honzontal surface. A
ray PQ 1s incident onto it. /\
For minimum deviation, O [y R s

a. PQ is horizontal P
b. QR is horizontal /
¢. RS 1s nhorizontal L7777 77777 7777777777 77777,

d. any one will be horizontal

32. A point object is placed at the center of a glass sphere
of radius 6 cm and refractive index 1.5. The distance of
virtual image from the surface is
a. 6cm b. 4cm
c. 12cm d. 9cm

(IIT-JEE 2004)

33. A convex lens is in contact with a concave lens. The
magnitude of the ratio of their focal lengths is 2/3. Their
equivalent focal length is 30 cm. What are their individual
focal lengths?
a. -15,10
¢. 75,50

b. -10. 15
d. -75,50
(IIT-JEE 2005)
34. A contaner 1s filled with water (1 = 1.33) upto a height
of 33.25 cm. A convex mirror is placed 15 cm above the
water level and the image of an object placed at the bottom
Is formed 25 cm below the water level. Focal length of the

MIrTor is
_ oIy
1 |
15cm
1 —
I‘l [
3325cm | Im=l .33; 25 cm
5 Y
v o,
a. 15¢cm b. 20 cm
c. -1831 c¢cm d. 10cm

(ITT-JEE 2005)

35. Focal length of the plano-convex iens is 15 cm. A small

object is placed at A as shown in the figure. The plane
surface is silvered. The image will form at

>

| K
A= r-““‘
20 ¢cm

a. 60 cm to the left of lens
b. 12 cm to the left of lens
c. 60 cm to the right of lens
d. 30 cm to the left of lens (IIT-JEE 2006)
36. The graph shows relationship between object distance
and image distance for an equiconvex lens. Then, focal
length of the lens is



37.

38.

39.

§31

3 vem
+30
10
—— | =4 0(9, +9)
ucm 31 =30 -20 -10

a. 0.50+005cm
¢. 500+0.05¢cm

b. 0.50+0.i0cm
d. 5.00+0.10cm
(IIT-JEE 2006)
A biconvex lens of focal length f forms a circular image
of radius r of sun in focal plane. Then. which option is
correct?
a mrief
b. 77 < f
c¢. If lower half part is covered by black sheet, then area
of the image is equal to /2
d. If fis doubled, intensity will increase
(IIT-JEE 2006)
A ray of light travelling in water is incident on its surface
open to air. The angle of incidence i1s 6. 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. a reflected 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
(IIT-JEE 2007)
In an experiment to determine the focal length (f) of a
concave mirror by the u-v method, a student places the
object pin A on the principal axis at a distance x from
the pole P. The student looks at the pin and its inverted
image from a distance keeping his/her eye in line with
FPA. When the student shifts his/her eyes towards left, the
image appears to the right of the object pin. Then,

a. x<f b. f<x<2f
C. x<f d. f[>x>2f
(II'T-JEE 2007)

Rays of light from Sun falls on a biconvex lens
of focal length f and the circular image of Sun of
radius r is formed on the focal plane of the lens.
Then,
a. area of image is 7 and area is directly proportional
of f
b. area of image is 7~ and area is directly proportional
o r
¢. intensity of image increases if fis increased
d. If lower half of the lens is covered with black paper,
area will become half (IIT-JEE 2008)

41.

42.

43.

45.

ap g

A light beam is traveling from Region | to Rezion IV
(refer figure). The refractive indices in Regions I. I1. ML
and IV are ny. n/2. n /6, and ny/8. respectively. The angie
of incidence 0 for which the beam just misses entenng
Region IV is

Region 1 | Region Il | Region III | Region I\
|
""" y) o o ny
2 6 &
U
0 02m 0.6 m
a. sin”' (3/4) b. sin ' (1/8)
c. sin”' (1/4) d. sin”' (1/3)
(IIT-JEE 2008)

Two beams of red and violet colors are made to pass
separately through a prism (angle of the prism is 60°). In
the position of minimum deviation, the angle of refraction
will be

a. 30° for both the colors
b. greater for the violet color
c. greater for the red color
d. equal but not 30° for both the colors
(IIT-JEE 2008)
A ball is dropped from a height of 20 m above the surface
of water in a lake. The refractive index of water is 4/3. A
fish inside the lake, in the line of fall of the ball, is looking
at the ball. At an instant when the ball is 12.8 m above the
water surface, the fish sees the speed of ball as
a 9ms’ b. 12ms™
c. l6ms’ d. 21.33 ms™
(IIT-JEE 2009)
A biconvex lens of focal length 15 cmis in front of a plane
mirror. The distance between the lens and the mirror is 10
cm. A small object is kept at a distance of 30 ¢m from the
lens. The final image is
virtual and at a distance of 16 ¢m from the mirror
real and at a distance of 16 cm from the mirror
virtual and at a distance of 20 cm from the mirror
real and at a distance of 20 cm from the mirror
(IIT-JEE 2010)
A biconvex lens is formed with two thin plano-convex
lenses as shown in the figure. Sl 3
Refractive index n of the first lens is ‘
1.5 and that of the second lens is 1.2
Both the curved surfaces are of the
same radius of curvature R = 14 cm.
For this biconvex lens, for an object
distance of 40 cm, the image distance /

n=1.2

#
#
F

will be yeltem
a. -280.0cm b. 40.0cm
c. 21.5cm d. 13.3¢cm

(II'T-JEE 2012)



46. A ray of light travelling in the direction %{f + \/3,:] IS

incident on a plane mirror. After reflection, it travels along
s . i :

the direction -_;{r‘ - \./5;'} . The angle of incidence is

a. 30° b. 45° ¢. 60° d. 75°

(JEE Advanced 2013)
47. The image of an object, formed by a plano-convex lens at
a distance of 8 m behind the lens. is real and is one-third

the size of the object. The wavelength of light inside the
2
lens is 3'1 times the wavelength in free space. The radius

of the curved surface of the lens is
a. Im b. 2m c. 3m d. 4m

(JEE Advanced 2013)
48. A point source S is placed at the bottom of a transparent
block of height 10 mm and refractive index 2.72. It is
immersed in a lower refractive index liquid as shown in
the figure. It is found that the light emerging from the
block to the hiquid forms a circular bright spot of diam-
eter 11.54 mm on the top of the block. The refractive
index of the liquid is

<+— Ligquid
‘ :-: LH
a. 121 b. 1.30 c. 1.36 d. 1.42
(JEE Advanced 2014)

49. 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 ¢m
from the curved face, the light rays emanating from it are
found to be parallel to the axis inside S.. The distance d
15.

a. 60cm b. 70 cm ¢c. 80cm d. 90cm
(JEE Advanced 2015)

Multiple Correct Answer Type

1. A converging lens is used to form an image on a screen.
When the upper half of the lens is covered by an opaque
screen,

a. half the image will disappear
b. complete image will be formed
¢. intensity of the image will increase
d. intensity of the image will decrease
(IIT-JEE 1986)

. In an astronomical telescope, the distance between the

objective and the eyepiece is 36 cm and the final image
Is formed at infinity. The focal length f, of the objective
and the focal length f, of the eyepiece are

a. f,=45cmandf, =-9cm

b. f,=50cmand/f, = 10cm

C. fp=72cmandf =5cm

d. f,=30cmandf =6cm (IIT-JEE 1989)

- A planet i1s observed by an astronomical refracting

lelescope 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

1S 16.02 m

b. the angular magnification of the planet is =800

¢. the image of the planet is inverted

d. the objective is larger than the eyepiece

(ITT-JEE 1992)

. Which of the following form(s) a virtual and erect image

for all positions of the object?
a. Convex lens b. Concave lens
¢. Convex mirros d. Concave mirror

(ITT-JEE 1996)

. A ray of light traveling in a transparent medium falls

on a surface separating the medium from air at an angle

of incidence of 45°. The ray undergoes total internal

reflection. If n is the refractive index of the medium with

respect to air, select the possible value(s) of » from the

following:

a. 13 b. 1.4 c. 1.5 d. 1.6
(ITT-JEE 1998)

. A student performed the experiment of determination of

focal length of a concave mirror by u-v method using an
optical bench of length 1.5 meter. The focal length of the
mirror used is 24 cm. The maximum error in the location
of the image can be 0.2 cm. The 5 sets of (u. v) values
recorded by the student (in cm) are: (42. 56). (48, 48),
(60. 40). (66, 33). and (78, 39). The data set(s) that cannot
come from experiment and is (are) incorrectly recorded.
IS (are)
a. (42.56) b. (48.48) c. (66.33) d. (78. 39)
(IIT-JEE 2009)

. A ray OP of monochromatic light is incident on the face

AB of prism ABCD near vertex B at an incident angle of
60° (see figure). If the refractive index of the material of

the prism is ﬁ . which of the following is (are) correct?

B

{.j“x
\\60“

P

\"
135°™

{1




The ray gets totally internally reflected at face CD
The ray comes out through face AD
The angle between the incident ray and the emergent
ray 1s 90°
d. The angle between the incident ray and the emergent
ray is 120° (IIT-JEE 2010)
8. A transparent thin film of uniform thickness and refrac-
tive index n, = 1.4 is n
coated on the convex
spherical surface of
radius R at one end of a
long solid glass cylinder  Air ",
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
a. Ifl=3R b. If,|=2.8R
c. Ifil=2R d. If,l = 14R
(JEE Advanced 2014)

oI

Linked Comprehension Type

Paragraph Based

Light guidance in an optical fiber can be understood by con-
sidering a structure comprising of thin solid glass cylinder of
refractive index n, surrounded by a medium of lower refractive
index n,. The light guidance in the structure takes place due
to successive total internal reflections at the interface of the
media n, and n, as shown in the figure. All rays with the angle
of incidence i less than a particular value i_ are confined in the
medium of refractive index n,. The numerical aperture (NA) of
the structure is defined as sin /. (JEE Advanced 2015)

no>n,

Air C‘Iadding

1. For two structures namely S, with n, = V45/4 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 airto be |,
the correct option(s) is (are)

a. NA of 5, immersed in water is the same as that of S,
16

315
16

b. NA of §, immersed in liquid of refractive index Tr
15

immersed in a liquid of refractive index

is that as that of S, immersed in water
¢. NAofS§, placed in airis the same as that of S, immersed

T _ 4
in liquid of refractive index —

Jis

d. NA of §, placed in air is the same as that of S, placed
In water

2. If two structures of same cross-sectional area, but dif-
ferent numerical apertures NA, and NA, (NA, < NA,) are
Joined longitudinally, the numerical aperture of the com-
bined structure is

. i b. NA, + NA,
NA, + NA, )
c. VA, d. NA,

Matching Column Type

1. A simple telescope used to view distant objects has
eyepiece and objective lens of focal lengths f, and f,
respectively. Then,

_ Column I ] __(z_olumn 11
i. Intensity of light | a. Radius of aperture

received by lens
ii. Angular magnification | b. Dispersion of lens

ili. Length of telescope ¢. Focal length of
____lens and cyepi_ecg lens objective
iv. Sharpness of image | d. Spherical aberration

(ITT-JEE 2006)

2. An optical component and an object S placed along its

optic axis are given in Column . The distance between the

object and the component can be varied. The properties of

images are given in Column [I. Match all the properties of

images from Column II with the appropriate components
given in Column 1.

Column I Column 11
, In. Real image
S
- = -
b. Virtual image
ii —§
q ¢. Magnified image
iii. —E J ‘
| d. Image at infinity
fv.: ~8
(IT'T-JEE 2008)

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



Column I different relationships between u,, i, and . are
given. Match them to the ray diagram shown in Column
1.

Colnmn_l__ Column 11
Lo <
a H
|

i, > 4 N
b. Hy

M3 i,

|
(ITT-JEE 2010)

4. A right angled prism of refractive index u, is placed

in a rectangular block of refractive index u,, which is
surrounded by a medium of refractive index . as shown
in the figure. A ray of light e enters the rectangular block
at normal incidence.

Depending upon the relationships between y, i, and u,,
it takes one of the four possible paths ef, eg, eh. or ei.

Match the paths in List I with conditions of refractive
indices in List I and select the correct answer using the
codes given below the lists:

!.Jt—bl' |4. ﬂzﬁgﬂﬁhaﬂdpz}m

__Culumnl Column 11 g
p. lef L | u>V2p,

q. |e—¢ 2. | Hp> iy and Uy > py
r. le—h 3. | j=u,

Codes:
P Y r S
a. 2 3 | 4
b. 1 2 4 3
c. 4 | 2 3
d 2 3 4 l
(JEE Advanced 2013)

S. Four combinations of two thin lenses are given in List

I. The radius of curvature of all curved surfaces is r and
the refractive index of all the lenses is 1.5. Match lens
combinations in List I with their focal length in List II
and select the correct answer using the code given below
the lists.

 List-1I | List-1
1.2r

P)

2. rf2

Code:
a. P-1.Q-2,R-3,5-4
C. P‘4‘. Q'I, R‘z-. 5'3

b. P-2, Q-4, R-3, S-1
d. P-2.Q-1,R-3, S-4
(JEE Advanced 2014)



Integer Answer Type

1. The focal length of a thin biconvex lens is 20 ¢cm. When

an object 1s moved from a distance of 25 cm in front of
it to 50 cm, the magnification of its image changes from
My 10 my,. The ratio m,g/m, is (IIT-JEE 2010)
. A large glass slab (u = 5/3) of thickness 8 c¢m is placed
over a point source of light on a plane surface. It is seen
that light emerges out of the top surface of the slab from
a circular area of radius R cm. What is the value of R?

(IIT-JEE 2010)
. Image of an object approaching a convex mirror of radius
of curvature 20 m along its optical axis is observed to move
from 25/3 m to 50/7 m in 30 s. What is the speed of the
object in km per hour? (IT'T-JEE 2010)
. Water (with refractive index = 4/3) in a tank is 18 ¢m
deep. Oil of refracuve index 7/4 lies on water making a
convex surface of radius of curvature R = 6 cm as shown.
Consider oil to act as a thin lens. An object § is placed
24 cm above water surface. The location of its image is at
‘x’ cm above the bottom of the tank. Then x is

(ITT-JEE 2011)

R B L B B B N % I = =

. Consider a concave mirror and a convex lens (refractive
index = 1.5) of focal length 10 cm each, separated by a
distance of 50 cm in air (refractive index = 1) as shown
in the figure. An object is placed at a distance of 15 ¢m
from the mirror. Its erect image formed by this combi-
nation has magnification M,. When the set-up is kept
in @ medium of refractive index 7/6, the magnification

_...t,is

becomes M,. The magnitude

M 1
(JEE Advanced 2015)
-
15¢cm
-+ —i
50cm

6. A monochromatic beam of light is incident at 60° on one

face of an equilateral prism of refractive index n and

emerges from the opposite face making an angle &(n)

with the normal (see the figure). For n = /3 the value of

6 1s 60° and E = m. The value of m is:

dn

(JEE Advanced 2015)

Assertion-Reasoning Type

In each of the questions, assertion (A) is given by corresponding
statement of reason (R) of the statements. Mark the correct
answer.

d.

b.

If both Statement I and Statement I1 are true and Statement
I is the correct explanation of Statement 1.

If both Statement I and Statement I are true but Statement
II 1s not the correct explanation of Statement I.

If Statement [ is true but Statement I is false.

If Statement I is false but Statement 11 is true.

(ITT-JEE 2007)

. Statement I: The formula connecting u, v and f for a

spherical mirror is valid only for mirrors whose sizes are
very small compared to their radii of curvature.
Statement II: Laws of reflection are strictly valid for
plane surfaces, but not for large spherical surfaces.

. Statement I: If the accelerating potential in an X-ray

tube 1s increased, the wavelengths of the characteristic
X-rays do not energy.

Statement II: When an electron beam strikes the target
in an X-ray tube, part of the kinetic energy is converted
into X-ray energy.

Fill in the Blanks Type

1.

A convex lens A of focal length 20 cm and a concave lens
B of focal length 5 cm are kept along the same axis with a
distance d between them. If a parallel beam of light falling
on A leaves B as a parallel beam, then 4 is equal to
cm. (IIT-JEE 1985)
A thin lens of refractive index 1.5 has a focal length of 15
cm in air. When the lens is placed in a medium of refractive
index 4/3, its focal length will become
cm. (IIT-JEE 1987)

. Aslab of a material of refractive index 2 shown in the figure,

has a curved surface APB of radius of curvature 10cmand a
plane surface CD. On the left of APB is air and on the right
of CD1s water with refractive indices as given in the figure.
Anobject O is placed at a distance of 15 ¢cm from the pole
P as shown. The distance of the final image of O from P,
as viewed from the left is

(ll'I:-J EE 1991)



10.

n =10 ny=20 | ny=4/3
P cC 0 '
| 4&5 cm---- »
B D
20 cm
. e 3

A thin rod of length f/3 is placed along the optic axis
of a concave mirror of focal length f such that its image
which 1s real and elongated, just touches the rod. The
magnification is (II'T-JEE 1991)

. A ray of light undergoes deviation of 30° when incident

on an equilateral prism of refractive index V2 .The angle
made by the ray inside the prism with the base of the prism
B . (ITT-JEE 1992)

. The resolving power of an electron microscope is higher

than that of an optical microscope because the wavelength

of electrons is than the wavelength of
visible light. (IIT-JEE 1992)

. If & and u, are, respectively, the electric permittivity

and magnetic permeability of free space, € and u the
corresponding quantities in a medium, the index of
refraction of the medium in terms of the above parameters
1S (IIT-JEE 1992)
A slit of width d is placed in front of a lens of focal length
0.5 m and is illuminated normally with light of wavelength
5.89 x 10 'm. The first diffraction minima on either side
of the central diffraction maximum are separated by
2 x 10" m. The width d of the slit is m.

(IIT-JEE 1997)
A light of wavelength 6000 A, in air, enters a medium
with refractive index 1.5. Inside the medium, its
frequency is Hz and its wavelength is
A. (IIT-JEE 1997)
Two thin lenses, when in contact, produce a combination
of power +10 diopters. When they are 0.25 m apart, the
power reduces to +6 diopters. The focal lengths of the
lenses are m and m.
(ITT-JEE 1997)
A ray of light is incident normally on one of the faces of
a prism of apex angle 30° and refractive index V2 . The
angle of deviation of the ray is degrees.

(ITT-JEE 1997)

True/False Type

2.

The setung sun appears higher in the sky than it really is.
(II'T-JEE 1980)

The intensity of light at a distance ‘r' from the axis of a

long cylindrical source is inversely proportional to ‘7',
(ITT-JEE 1981)

A convex lens of focal length | meter and a concave lens
of focal length 0.25 meter are kept 0.75 meter apart. A
parallel beam of light first passes through the convex lens,
then through the concave lens and comes to a focus 0.5 m
away from the concave lens. (ITT-JEE 1983)

. A beam of white light passing through a hollow prism

gives no spectrum. (IIT-JEE 1983)

. A parallel beam of white light falls on a combination of

a concave and a convex lens, both of the same matenal.
Their focal lengths are 15 cm and 30 cm, respectively for
the mean wavelength in white light. On the other side of
the lens system. one sees colored patterns with violet color
at the outer edge. (IIT-JEE 1988)

Subjective Type

1.

6.

A plano convex lens is silvered on its plane side. The
radius of curvature of the other
face 1s 12 ¢m and the refractive
index of the matenal of the lens is
1.5. An object is placed 24 ¢cm in
front of the silvered lens. Where /
will the image be formed? |2em
(IIT-JEE 1979)
What is the relation between the refractive indices 1, u,
and u, if the behaviour of light rays 1s as shown in the
figure?

> e

Ha 2 Hz | B4 M
4
> v -»—
(a) (b)
(IIT-JEE 1979)

A rectangular block of glass is placed on a printed page
lying on a horizontal surface. Find the minimum value of
the refractive index of glass for which the letters on the
page are not visible from any of the vertical faces of the
block. (IIT-JEE 1979)
An object is placed in front of a slab (4 = 1.5) of thick-
ness 6 cm at a distance 28 cm from it. Other face of the
slab 1s silvered. Find the position of final image.
(IIT-JEE 1980)
A telescope has an objective of focal length 50 cm and
eyepiece of focal length 5 cm. The least distance of distinct
vision is 25 cm. The telescope is focused for distinct vision
on a scale 200 cm away from the objective. Calculate:
a. the separation between the objective and eyepiece.
b. the magnification produced. (ITT-JEE 1980)
The convex surface of a thin i
concavo-convex lens of glass of 09/ 4
refractive index 1.5 has a radius of '
curvature 20 cm. The concave sur-
face has a radius of curvature 60 E 3
cm. The convex side is silvered and i
placed on a horizontal surface. | v

—




10.

Where should be a pin placed on the optic axis such that
its image is formed at the same place?
If the concave part is filled with water of refractive index
4/3, find the distance through which the pin should be
moved so that the image of the pin again coincides with
the pin? (ITT-JEE 1981)
A plano-convex lens has thickness 4 cm. When placed on
a horizontal table with the curved surface in contact with
it, the apparent depth of the bottom-most point of the lens
s found to be 3 cm. If the lens is inverted such that the
plane face is in contact with the table, the apparent depth
of the center of the plane face of the lens is found to be
25/8 cm. Find the focal length of the lens.

(ITT-JEE 1984)
A monochromatic light is incident on the plane interface
AB between two media of refractive indices y, and p, (u,
> J4,) at an angle of incidence 6 as shown in the figure.

D Medium [ (u,) E
Medium I1I (113)
A G F B
" Medium II (1)

The angle @ is infinitesimally greater than the critical
angle for the two media so that total internal reflection
takes place. Now, if a transparent slab DEFG of uniform
thickness and of refractive index u, is introduced on
the interface (as shown in the figure), show that for any
value of , all light will ultimately be reflected back into
medium II.

- A ray of light is incident at an angle of 60° on one face

of a prism which has an angle of 30°. The ray emerging
out of the prism makes an angle of 30° with the incident
ray. If the refractive index of the material of the prism is

1t = Ja, find the value of a. (IIT-JEE 1987)

A right angled prism is to be made by selecting a proper

material and the angles v L

A and B (B < A), as

shown in figure. It is i | |

desired that a ray of =~ wl

incident on the face AB “

emerges parallel to the

incident direction after C

two internal reflections.

a. What should be the minimum refractive index n for
this to be possible?

b. Forn= % is it possible to achieve this with the angle

B equal to 30 degrees? (ITT-JEE 1987)
A parallel beam of light travelling in water (refractive
index = 4/3) is refracted by a spherical air bubble of
radius 2 mm situated in water. Assuming the light rays to
be paraxial,

12.

13.

14.

15.

16.

a. Find the position of image due to refraction at first
surface and position of the final image.
b. Draw a ray diagram showing the position of both
images. (IIT-JEE 1988)
A thin rod of length f73 is placed along the optical axis
of a concave mirror of focal length f such that its image
which is real and elongated just touches the rod. Calculate
the magnification. (ITT-JEE 1991)
Light is incident at an angle o on one planar end of
a transparent cylindrical rod of refractive index n.
Determine the least value of n, so that the light entering
the rod does not emerge from the curve surface of the rod
irrespective of the value of a. (IIT-JEE 1992)
An image Y is formed of a point object x by a lens whose
optic axis is AB as shown in the figure. Draw a ray diagram
to locate the lens and its focus. If the image Y of object X
is formed by a concave mirror (having the same optic axis
AB) instead of lens, draw another ray diagram to locate the
mirror and its focus. Write down the steps of construction

of the ray diagrams. (IIT-JEE 1994)

T — -

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

YA
Air P(xy, v1)

-

A

|

]
I
I
i

r=1.0m é B(x, ¥)

#

Medium

Y _sur®”
- . X
/'/A{L{;' 0] Au'

n(y) = [ky*? + 1)"7
where k = 1.0 (m)>?
The refractive index of air is 1.0.
a. Obtain a relation between the slope of the trajectory of -
the ray at point B(x, y) in the medium and the incident
angle at the point.
b. Obtain an equation for the trajectory y(x) of the ray in
the medium.
¢. Determine the coordinates (x,, y,) of point P, where
the ray intersects the upper surface of the slab-air
boundary.
d. Indicate the path of the ray subsequently.
(IIT-JEE 1995)
A night angled prism (45°, 90°, 45°) of refractive index
n has a plate of refractive index (n, < n) cemented to its

diagonal face. The assembly is in air. A ray is incident on
AB.




17.

18.

19.

a. Calculate the angle of incidence at AB for which the
ray strikes the diagonal face at the critical angle.

B C

b. Assuming n = 1.351, calculate the angle of incidence
at AB for which the refracted ray passes through the
diagonal face undeviated. (ITT-JEE 1996)

A thin plano-convex lens of focal length fis split into two

halves, one of the halves is shifted along the optical axis.

The separation between object and image plane is 1.8 m.

The magnification of

is 2. Find the focal

halves. Draw the ray Y %'
(IIT-JEE 1996)

the image formed by I

one of the half lenses ' L |

length of the lens and =]

separation between the | ©

diagram for image |« — >
. |.8m

formation.

A thin equiconvex lens made of glass of refractive index

3/2 and of focal length 0.3 m in air is sealed into an

3
opening at one end of a tank filled with water (;1 = -2-)

On the opposite side of the lens, a mirror is placed inside
the tank on the tank wall perpendicular to the lens axis
as shown in the figure. The separation between the lens
and mirror i1s 0.8 m. A small object is placed outside the
tank in front of the lens at a distance of 0.9 m from the
lens along its axis. Find the position (relative to lens) of
the image of the object formed by the system.

09m

A quarter cylinder of radius R and refractive index 1.5 is
placed on a table. A point object P is kept at a distance

mR from 1L

Find the value of m for which

a ray from P will emerge par- //

allel to the table as shown in —5

the figure.  (IIT-JEE 1999) < >« Tl

20. The XY plane is the boundary between two transparent

21.

22.

media. Medium | with z 2 0 has a refractive index of
Ji and medium 2 with z € 0 has a refractive index
of V3.A ray of light in medium | given by the vectof

6+/31 + 8v/3]— 10k is incident on the plane of separation.
Find the unit vector in the direction of the refracted ray in
medium 2. (ITT-JEE 1999)
A convex lens of focal length 15 ¢cm and a concave
mirror of focal length 30 cm are kept with their optic axes
PQ and RS parallel but separated in vertical direction by
0.6 cm as shown in the figure. The distance between the
lens and mirror is 30 cm. An upright object AB of height
1.2 cm is placed on the optics axis PQ of the lens at a
distance of 20 cm from the lens. If A’B’ is the image after
refraction from the lens and reflection from the mirror,
find the distance of A’B’ from the pole of the mirror and
obtain its magnification. Also, locate positions of A” and
B’ with respect to the optic axis RS.

A
A
! B
: 0.6Tcm \/ f
o 20 cm L
- 30 cm >
(II'T-JEE 2000)

The refractive indices of the crown glass for blue and red
lights are 1.51 and 1.49, respectively, and those of the flint
glass are 1.77 and 1.73, respectively. An isosceles prism
of angle 6° is made of crown glass. A beam of white light
i1s incident at a small angle on this prism. The other flint
glass isosceles prism is combined with the crown glass
prism such that there is no deviation of the incident light.
Determine the angle of the flint glass prism. Calculate the
net dispersion of the combined system.

(IIT-JEE 2001)
A thin biconvex lens of refractive index 3/2 is placed on a
horizontal plane mirror as shown in the figure. The space
between the lens and the mirror is then filled with water
of refractive index 4/3. It is found that when a point object
iIs placed 15 cm above the lens on its principal axis, the
object coincides with its own image. On representing with
another liquid, the object and the image again coincide at
a distance 25 cm from the lens. Calculate the refractive
index of the liquid.

J

(IIT-JEE 2001)



24.

25.

26.

217,

Find the focal length of the lens shown in the figure. The
radin of curvature of both the surfaces are equal to R.

My < Hy < Hy
Hy | K2 | Ha
R \ R
A\
(IIT-JEE 2003)

Figure below shows an irregular block of matenal of

refractive index v2 . A ray of light strikes the face AB as
shown. After refraction, it is incident on a sphernical surface
CD of radius of curvature 0.4 m and enters a medium of
refractive index 1.514 to meet PQ at E. Find the distance
OE up to two places of decimal.

(ITT-JEE 2004)

An object is approaching a convex lens of focal length
0.3 m with a speed of 0.01 ms™'. Find the magnitudes of
the ratio of change of position and lateral magnification
of image when the object is at a distance of 0.4 m from
the lens. (IT-JEE 2004)
Two identical prisms of refracuive index \ 3 are Kept as
shown in the figure. A light rayv strikes the first pnsm at
face AB. Find.

28.

29.

a. the angle of incidence, so that the emergent ray from
the first prism has minimum deviation.

b. through what angle the prism DCE should be rotated
about C so that the final ray suffers net minimum
deviation. (IIT-JEE 2005)

AB and CD are surfaces of two slabs as shown in the figure.

The medium between the

slabs has refractive index

2. Refractive index of the

slab above ABis V2 and

below CD is 3 . Find Cumsa
the minimum angle of "
incidence at Q, so that the
ray is totally reflected by
both the slabs.
(ITT-JEE 2005)
A ray of light strikes
a plane mirror at an
angle of incidence 45°
as shown in the figure.
After reflecuion. the ray \ \
passes through a pnsm
of refractive 1ndex
.53 whose apex angle
1x 4°. Through what
angle must the mirror
be rotated if the total
deviation of the ray be

ANSWER KEY

JEE Advanced

Single Correct Answer Type

1.
6.
11.
16.

21.
26.
31.
36.
41.
46.

a. 2. a 3 A 4. a. S. d.
a. s i€, 8. c. 9. c. 10. d.
C. 12. a. 13. b. 14. b. 15. d.
a. 17. a 18. d. 19. d. 20. b.
a. 24 C. 23. d. 24. c. 25. b.
C. 27. b. 28. b. 29. b 30. c.
b. 32. a. 33. a. M. c. 35. b
c. 37. b. 38 T, 39. b. 40. b.
b. 42. a. 43. c. 4. b 45. b.
a. 47. c. 48. c. 49. b

90°? (IIT-JEE 2006)

Multiple Correct Answers Type

1. b.d. 2 4D 3. a.bh.c.,d.

4. b..c. 5. e.d. 6. c..d.

1. a, b 8. a.c.
Linked Comprehension Type

1. a,c. 2 4.
Matching Column Type

l. i. = a.;ii. =cC.;iill. -»c.;iv. 2 a., b, d.



2. i.—a.,b.,c..d;ii.—=b.:u. —a.b.cd
Iv. - a.. b., c..d.

J. i.—oa,c:u—=b.d.e: . —a.c.e:iv.=b.d:

4. p.—2(12):q. 2 3)xr. = 4)s. > ()

Integer Answer Type

1. (6) 2. (6) 3. (3) 4. (2) 5. (7)
6. (2)

Assertion-Reasoning Type
1. c. 2. b.
Fill in the Blanks Type
1. +15¢m 2. 60cm
3. -30cm 4. 1.5
5. zero 6. smaller
7. fﬁ 8. 2.945x 10~ m
Ho&
9, 4000 A 10. 0.125m. 0.5 m
11. 15°
True/False Type

. True 2. True 3. False 4. True
5. True

Subjective Type

1. 75¢cm 2. (a) u,<p, (b) i, =pu,
3. (a) -6 mm, -5 mm

4. Final image is formed 30 ¢cm behind the mirror surface
5. (a) 70.73 ¢cm (b) -2
6. (a) 15cm (b) 1.15¢cm
7. 75cm 9. a=3
10. (a) 2  (b)0.5<0.6<0.86
11. (a) 5 mm (b) Final image is virtual and is formed at /.
3
12. m = 13. 2
15. (a)Slope=coti (b)4v“=x (c¢)(4m, Im)
(d) The ray will emerge grazingly.
- g \ .
16. (a) i, =sIn (A" —ny —n (b) 73°
| {7; \/ : 1}
17. 04 m.0.6m
18. 0.9 m from the lens (rightwards) or 0.1 m behind the
MITOr.
19. 20. —L;t0.65+{}.8}-§}
-
21. 1Scm. - 22, (@14 (b)-0.04°
23. 1.6 2, %
sy = Ky
25. 6.06 m 26. 0.09 m/s, 0.3 m/s
27. (a)60° (b)60° 28. 60°
29, |°



HINTS AND SOLUTIONS

4. a.

JEE Advanced
Single Correct Answer Type

Vv
lr.rc )r=_

In moving from air to glass, f remains unchanged while v

decreases. Hence, A should decrease.

2. a. The phenomenon of total internal reflection takes place during
reflection at P.

sinﬂ=T ﬁ}
g M
£
v 5.d.
_____ R—t—
where @is the angle of incidence at P.
h 15
Now, “u=E_=_" =125
Puming in (1)
! hd
s1n = - —
1.125 9

I | | i ] ] 1
+ +

3lll_=_ — I — o .
f A f» 04 -025 04 025
_025-04_ -015 _ -015 _
04x025 04x025 04x025
O I T
f

Iﬂ _ sin 90° _ 1
2 sinC sinC

C=sin'= [—ll—J
1 H

Applying Snell’s law at P, we get

[For critical angle]

y_sinr” _ sin(90 - r)

sin i sin r
[i=rr +r=90°
| Cosr 4k
M= (1)
sin r

From (i) and (ii), C = sin”' (tan r)

, L. 1.1
From mirror formula —==—+—

f v u

Differentiating equation (i), we obtain

(1)

2
0=-%dv-%du=dv=-(£] du (11)

! u u
P PR 5

so from equation (1 z —" . (1)

f 2
From equation (ii) and (iii) we get dv= -[" f} i
f 2
Therefore size of image is [ f] l.
u-—

For total internal reflection, U= l l =1.414

sinC  sin45°
1.e., for an angle of incidence of that color will suffer total

internal reflection for which the refractive index is less than
1.414.

B

Therefore, red light will be refracted at interface AB whereas
blue and green light will be reflected

. The angle of deviation for the first prism P,, 8, = (i, - 1)A,.

The angle of deviation for the second prism P., &, = (U, - 1A,
Since total deviation is to be zero, therefore

0,+0,=0=(U, - DA, + (U, - NA. =0



i {1.54-114,:,___3,:,
T (1L72-=1)

(¢) 1s the correct option.

8. c. The image I of parallel rays formed by lens 1 will act as a

10. d. Applying Snell’s law at P. 4 =

virtual object.
e
e
P s
Virtual object
" for concave lens
0.75 m 025 m
- e -
Applying lens formula for lens 2,
tel. 1
v u f
1 l |
= ———=
v fi-d [
o o Llhi-d)
Lt /-d
The horizontal distance of the image / from O is
x=d+ fzt‘f‘ —d)
L2+t h-d
. dfy +dfi-d* + f, f, - df
L+ h-d
< L+ d[ji -d)
L+ h-d
To find the y-coordinate, we use magnification formula for lens
&
LN -d)
m=£=ji1+":_d= /2 . Also
u f=-d h+ fr-d
- h. = hﬂ - ﬁ e fz
A - ht fi-d
Therefore, the y-coordinate,
y=A-h,
Ao
L+ f-d
- ML'*'M;L‘M'M: _ A(f, - d)
h+ f,-d h+ f2-d

. Spherical abberation occurs due to the inability of a lens to

converge marginal rays of the same wavelength to the focus,
as 1t converges the paraxial rays. This defect can be removed
by blocking marginal rays. This can be done by using a circular

annular mask over the lens.

1.44

ol EHnre o z07

sin 30°
O=r-30°=n 10.72) - 30°

11.c.

12. a.

Therefore, the rays make an angle of 2 & = [sin-1(0.72)-30]
with each other.

(d) is the correct option.

A convex mirror and a concave lens always produce semi image
for the objects. Therefore, option (b) and (d) are not correct.
The image by a convex lens is diminished when the object is
placed beyond 2f.

Letu=2f+x.

Usingl-l.-.l.
v u f

> L1 111
v =(2f+x) f v f 2f+x

- 2f+.r—f= (f+x)
S2f+x) f(2f +Xx)

Butu=v=1(given) (2f+ x) + J2S +x) <1
f+x

f ]51_? @f+x)7 .
[ +x f+x

= 2f=,r[l +

= (2f+x) Sf+x
The above is true for f< 0.25m
(¢) 1s the correct answer.

Here,f =2cmand f, =3 cm.
Using lens formula for eyepiece, . - LY
L
= .:.l.+ fal =u,=-3cm|[.i=0)
7] o

But the distance between objective and eyepiece is 15 cm

(given).

Therefore, distance of image formed by the objective, v=15-3

= 12 em. Let u be the object distance from the objective, then
1 1 1 -1 1 1

for objective lens —— 4 — = — or — 4 — = —
u v o f u 12 2
=> i:l_l:iu=_,l_2=2_4cm
u 2 12 12 5

(a) is the correct option.

13. b. f, = +40 cm (for convex lens)

=04 m
f, = =25 (for concave lens)
=-025m
Therefore, focal length (f) of the combination,
L o l i 1
A
l |  025-04
T 040 025 0.40x0.25

Y S
0.1

= P= i =-15D
f

(b) 1s the correct option.



14. b. In this case, the total deviation is shared between the two
surfaces.

Y

Y

15. d.

0

The ray diagram is shown in the figure. Therefore, the image
will be real and between C and O.

16. a. The formula for spherical refracting surface is

o P o RO o i

17. a. According to lensmaker's formula,

Nﬂw. :# =-!£=—]i
= 1.75
For concave lens, as shown in figure, in this case R, = -R and
R,=+R.
--m-; ----------------- gﬂ --------------------
..................... PP
........ S i i v i o e i e o il o
.......... shor| peli-e
....................... Mt
- —_— Z=nenimsne
..................... b s saiga
1L ,](__1.-.1.) _ ,025x2
f \L75 R R 1.75R
= f=+35R
The positive sign shows that the lens behaves as a convergent
lens.

(a) 1s the correct option.

18. d. Weknuwthatl=(£l_|][l _ ]
S\ R, R,

For divergence, i, > U,
H 1 1. :
ere, | — — — | is negative.
( R R, }

Therefore, (d) is the correct option.
19. d. From the ray diagram,

In AANM and AADC,
LZADC = ZANM =9N°
ZMAN = ZCAN

[MN L AD)
(law of reflection)

= AANM is similarto A ADC

- =d—f2-ﬂf.!'=d

2L L
So, required distance =d + d + d = 3d.
Therefore, (d) 1s the correct option.
20. b. The path of rays become parallel to initial direction as they
emerge.

Applying Snell's law at P, 1 - sin a/2

2 sin r

(1)




sin /2
sin r

Applying Snell's law at Q, L] n= (11)
From Eqs. (i) and (ii), a = f8
Therefore, (b) 1s the correct answer.

21. a. See figure. The ray will come out from CD if it suffers total
internal reflection at surface AD, i.e., it strikes the surface AD
at critical angle C (the limiting case). Applying Snell’s law at

; : n-

P.nsinC=n,orsinC= —=
n

!

B L

Applying Snell’s law at Q, n, sin @ =n, cos C;

. o[ M
sin (X = icus sin”'| =2
ny n,

=

- i1 n n
or = sin I "lﬂﬂﬁ Sin'l _:.
ny n

.. (a) 1s the correct option.

22. c. The intermediate image in compound microscope is real,
inverted, and magnified.

23.d. Applying Snell’s law at P,

W, = S'II'II' _ My Q)
siny M,

Applving Snell’s law at Q,
T sinry _ Hy (ii)

sinry Y

Again. applying Snell’s law at R,
t sinr- U,

U, = = (III}
sin! M-

Multiplying (1). tu). and (. we get
H,=H,

Correct option is (d).

24. c. Since there will be no refraction from P to Q and then from Q
to R (all being identical). Hence, the ray will now have the same

deviation as before the point n, n’ being same for the ray. Correct

option is (c).
25, b. 5}“' _ 1
sinr n
2h
S tanr= — =1
ince tan r >h
=5 r=45°
=> sini L
S

n 12

26. ¢. Since both surfaces have same radius of curvature on the same
side, no dispersion will occur.

27. b. Maximum number of reflections = [i] , where x = 0.2 tan 30°
X

— —

- >

JHL LS LA LIS TS

28. b. For the concave lens,

l_l:..!...:‘év:ﬁcm;hl=u|
v 4 -20 h |ul

= kA= ?.II% =25cm

29. b. Applying Snell's law at glass-water surface,

g i =—— (1)
sini U
Applying Snell’s law at water-air surface,
. o
o =51r'|90 = H Gii)
simr M
From (1) and (11),
3_"!_ —. 3 h—— 3 . l“ = 3 = | —
ol 4sini 4 4sini sini



30. c. We know that sin C = -l- and [ o< —

31.b.

32. a.

M. c

|
u A

= sin C =<A. For more A, C is more.
For minimum deviation, incident angle is equal to emerging
angle. Therefore, QR is horizontal.

Here, u=-6cm,v=2r=-6cm U, =1, u=15

Using the formula of spherical refracting surface,

P _H_H— K
v u R
We have E_L=-l_'i:_l =v=-6cm
v =6 -6
Alternative method:

The rays coming from the point object fall on the glass-air
interface normally and hence pass undeviated. Therefore, if
we retrace the path of the refracted rays backward, the image

will be formed at the center only.
Al 3 4 3
Focal length of their combination, l = L.l
VAR R
s s Sl i i)
30 f 2f
- '[I-E];x[-l]
30 4 2] A 2
" fi=-15cm

ﬁ:%xﬂ=§xl5=lﬂcm

The image I for first refraction (i.e., when the ray comes out

of liquid) is at a depth of = 313;5

=25¢cm

Real depth ]
u

Now, reflection will occur at concave mirror. For this I behaves
&5 an object

u=—15+25)=-40cm,f=f,v="
L sing mirror formula

[ Apparent depth =

I I 1 1
—:—+—=—-——-l-— D= 40! (1)
v u v 40 40+ f
B uvu= - 15+ 25] (11)
1.33

<

2= — 15 the real depth of the image.

N

35.b.

36.c.

37.b.

38. c.

39. b.

From Eqs. (1) and (11),
A
40{ : =-[]5+ hS ] =-33?9
40 + /
= [f=-1831cm

Refracuon from lens: I = ! = I

—

-ve direction

v=60cm

1.¢., first image is formed at 60 cm to the right of lens system.
Reflection from mirror:

After reflection from the mirror, the second image will be
formed at a distance of 60 cm to the left of lens system.

Refraction from lens:
l l - ] & +ve direction
vy 60 15
or v.=12¢cm
Therefore, the final image is formed at 12 cm to the left of the
lens system.

From lens formula:
| I 1

— = — = —_we have

¥ vV o u

l = l - I = f=+5

f 10 =10
Further, Au = 0.1

and Av = 0.1 (from the graph)
Now, differentiating the lens formula, we have

Ar  Av  Au

& ve oo
Av Au | 3
Af= (—3 + ":'Jf :

v\

Substituting the values, we have
Af= [ D.! z 0.:
10 10

S [fxAf=52035

r=ftan 8

or ref P
nr oo f

}m’ =0.05

Since 6 < 6. both reflection and refraction will take place.
From the figure, we can see that angle between reflected and

refracted rays. @, is less than 180° - 26.

Option (¢) 1s correct.
Since object and image move in opposite directions, the
positioning should be as shown in the figure. Object lies
between focus and center of curvature, f < x < 2f.



. Image
™y g

S T—
Object .. jr;f:

Correct option is (b).

40. b. Rays of light from sun are incident upon a biconvex lens. Sun
i1s at infinity and incident rays from a parallel beam.

The beam is brought to convergence in the focal plane of the

lens. AB is image of the sun.

[ Focal plane
Sun

Let r = radius of real image of the sun. Sun is above principal

axis of lens.

The real and inverted image of diminished size is formed
below the principal axis in the focal plane of the lens as shown

in figure.
Area of circular image of sun = x ~#

In the AOAB, 6 1s inclination of sun and is constant.

tan = — = r=ftan 6

or  Area of image = m(f tan 6)°
or Areaof image = (7tan’ 6)f

From (i) and (iii), area of image = /& and area is proportional

tof.
41. b. Critical angle from region III to region [V
sin 6= L i -
ng/6 4

Now, applying Snell's law in region I and region III

n, sin 6= %sin 6,

sin = l.w,in 6 = l(£)=
6 6\ 4

Correct option is (b).
42.a. At minimum deviation (6 - &_):

A 60°
n=r,=—=

2

Correct answer is (a).

e Ve =202 v=dms
4

xlm;cvl’hl.’ul = thn

= 30 (for both colors)

4 4 2
Vimage of batt = —jvm=§ X12=16ms”

47. c.

5 oo —|4

1 0.2

S 14

I 1 1 05 02 0.7
= + = emm— d — e

f L L 14 14

) I 1 11

v=40cm

cos@ = -;-(f 4 Ji})é(f -J3)

R=14cm

46. a. Let angle between the directions of incident ray and reflected
ray be 6

L

11.54

sin@ =
\_/u 1.54)% + (400)

2.72 sin 6 = u x sin 90°
11.54

2.72 % - =u
;;{I 1.54)° + 400

u=1.36




ob X _AH_K-H
V u
]

R
1.5 05 1
V =50 -10 20
1 1 3
V 120 100
V=50cm
_10_05
oo u—IO
ol it
u 20
u=-20cm

Hence d = 50 + 20 = 70.

Multiple Correct Answer Type

1.

b., d.

The image formed will be complete because light rays from all
parts of the object will strike on the lower half. But since the
upper half light rays are cut off, the intensity will reduce.

. a.,b.

In an astronomical telescope when the object and final image
are at infinity. M and L are given as shown.

Angular magnification M = Lo

Separation between lenses L = £, + /.
£=5 or f =51 (1)
L+f=36 or 5/+/=36

or f.=6cm
& f,=5fe or f =30cm
Hence /,=30cm, f, =6 cm

. a,b,c.,d.

In case of an astronomical telescope, the distance between the
objective lens and eyepiece lens =f, + f, = 16 + 0.02 = 06.02 m.

fnh}ecﬁv: = I6
ois: 002

The image seen by the astronomical telescope is inverted. Also,
the objective lens is larger than the eyepiece lens.

The angular magnification =

. b, c.

Concave lens and convex mirror are diverging in nature.
Therefore, the refracted/reflected rays do not meet and are
produced to make them meet. Therefore, the image formed is
virtual and erect.

. ¢, d.

For total internal reflection to take place: Angle of incidence,

1 > critical angle, 6. [wherc sin §_ = l]

or 5in45“}—l-ur ! ::--l— or >J2orn>1414
n 2 n

Therefore, possible valuesof ncanbe 1.50r 1.6int he given
opoons.

& cd

wd + : (mirror formula) f=-24 cm
=

1
F u

7. a., b, c.

Using Snell's law, sin — < sin™' ——

Net deviation i1s 90° V3 V2
8. a.,¢c. Method 1:
14 1 14-1
y e R
l4=0.4_p=ﬁ?_
v R’ 2

Film to glass: 15 14 _15-14

v TR +R
y
1.5_0.4_0.1
v R R
1'5=0*;:'; v'=3R = f,=3R

#

Vv

Glass to film: 14 19 = el

vV oo -R
1.4 -0.1
v -R
v=-14R

1 14 1-14
Film to air: =08 ==

1 1  +04

v 10R  +R
] 0 4 0 1 0.5
v

R R R
, R

v =OS-2R = f,=2R

Method 2: For air to glass
15_14 —1+ 1.5-1.4
fi R R
For glass to air.
1 _14-15 1-14

= T =2R
o R -k )

£i=3R

Linked Comprehension Type

1. a., c. i is the angle of incidence for which r=90-C




2.d.

sin C = 2
L
= nysin (im) = n, sin (90 - )

2
n,cos(C) ﬂf‘ﬂz

=  N,=sin(i, )=

Ny L
H§b9
2
For §,, NA, = L. S
n, 4n,
64 ~ 49
For §,, NA, = 25 25 =JI_5
- 5n,
3
For (a) NA, = L
4x4 16
Jl_ﬁ-xl‘hflg Q
NA, = =
- 5x16 16

Hence (a) is correct.

3x\fﬁ_~fl_5

For (b) NA, =
4%x6 8
NA _JGKS_JE:{B
27 5x4 20
Hence (b) is incorrect
3 3
For(c) NAj=——=~
il 4x1 4
JEKJG 3
HA2= =
5x4 4
Hence (¢) is correct.
: 3
For (d) NA, =—q~—-=-
4x]1 4
NA'p: 3 =9
" 4x4 16

Hence (D) is incorrect.
[tis given NA, < NA,

=3 i, > '.m:

Hence if the combination can be placed both ways i.e. 1" struc-
ture and then 2™ structure and then reversed also, then the con-
dition of TIR is satisfied for lower i_ then it can be satisfied for
all other less angler as well.

Hence NA, will be the numerical aperture of the combined

structure.

Matching Column Type

L.

i. —a.
More the radius of aperture more is the amount of light entering
the telescope.

i.sem=2Lo . 2> c.L=f,+f iv.— a,b.,d.

[ 4

Depends on dispersion of lens, spherical aberration and radius
of aperture.

I. = a.. b, c.,d.;ii. = b,; iii. = a., b., c., d.; iv. > a., b, ¢., d.
a.. c.. and d.: In case of concave mirror or convex lens, image
can be real. virtual. diminished magnified or of same size.

b.: In case of convex mirror, image is always virtual (for real
objects).

. i.—>a,ciii. 9 b,d,e;iii. > a.,c,e; iv.— b, d.
a. U, = u,, as there is no deviation
M, < i, as ray bends towards normal
b. u, > u,.as ray bends away from normal
i, > W, as ray bends away from normal
€. M, = U, as there is no deviation
M, < W,,as ray bends
d. u, > u,, as ray bends away from normal
K, > UL, as ray bends away from normal
e. M, > W, as ray bends away from normal
M, = UL, as there is no deviation
4. p.—2)q.->Q3)r. > (4);5. > (1)
P- i, > Y, ... (towards normal)
M, > W, ... (away from normal)
q. 4, = i, ... (No change in path)
Zi=0= Zr=0 on the block.
r U, >, ...(Away from the normal)
My, > by ...(Away from the normal)

l . . H
X—==Lsinr = smr=—7r.
A 75 - 24,
Since sinr<l= y, <vJ2u,

S. ForTIR: 45° > C=sin45°>sin C

| _H
>£2 >V2
= 2 1 = M 2!
l l !
5. b. —=(,u-l)[ - J
7§ R, R
y f=R f=2R f=-2R
1 1 1
Use —=—+—
fo H £
1 _1. 1 _2 _ R
i fu RR R'mT2
| : 1 I
= =— =R
W fea TAET I e
] l I l
—_—— — = —— =—R
k) fu 2R 2R R e
l ] 1 1
—_— - = 5 = 2
(s) fu R 2R 2R Jo=2R
Integer Answer Type
1.(6) m=—L
J tu
2. (6) sin 6, = 3/5
R=6cm.
3.(3) For v,=50/7m,u,=-25m,v,=25/3m, u,=-50 m

25 18
Speed of object= — x— =3 kmh''
peed of objec I m



4.2 BL_Ah_K-Hn 6. (2) sin 60 = n sin r i
v u R sin 8= n sin (60 - r) (i)

u=74 ¢
p:
24
R=6cm o
=473 :53’" 18 cm
& —
B
: | 7 i Differenuiating equation (ii).
-4 de
41*_-24— 6 EUEQ-E=—ncﬂsiﬁﬂ-—r}§+5infﬁ{}—r)
7 3 1 2 Differentiating equation (i).
v 24 24 24 |12 ncnsrﬂ-i-sinr:{l
7x2 V=21 dr
=V =2lcm
de { - \
4 msﬂ-—z—rlcus{ﬁﬂ*r}l mnrJ*sin{ﬁﬂ—-r)
21 7/4 dt on
— = = 08" =16 e |
oS 4/3 = ~[+cos(60 - r)tanr + sin(60 - r)|
BS” =2 cm dr  cos@
, : de ! o :
5.(7) In air; For mirror — + = — di  cos &E‘m v tn a0
V. =15 10 |
I 1 1 - ::_-(ﬂlJ:g
el .. Y 2 2
VIS5 10 30
V - _3{} . .
30 Assertion-Reasoning Type
im|l=—=2 .
"= 15 I. c. Laws of reflection can be applied to any type of surface.
For lens: u =-20 2. b
I 1 1 ony *
v, 20" 10 Fill in the Blanks Type
| .. I. Since the beam leaves B as a parallel beam. therefore ths
V, 10 20 20 cffecuve focal length of the two lenses combination is o. For
V, =20 cm two lenses placed at some distance 4 apart, the focal length of
il | the combination is given by the formula
L M I=Im]im) =2 I SLIE ..
After the medium is changed, by lensmaker's formula: I h 5 AL
1w _4¥1 1) g b ] € _ = dwils
F L_ul AR, R, o 420 (=5) (4+20)-5) srem
L_” S-I]r ] 3} 2. According to lensmaker's formula.
10 \R, R, | | ] ,
—=(U-1) —=-— (1)
1_(3x6 )1 _. / R R
F |2x7 R R, Given refractive index of the lens, je.
Taking ratio, we get F as: a He
; s =15=—=
F = 10 _ 35 Hg
32 Also. given refractive index of medium
Image formation by mirror remains unaffected by changing °n = hg.L]
medium. Applying distance formula with new focal length of = 3 Hg
lens, He M, u 15
1,12 1.2 1 5 I'ﬂ=#"=#'x“‘*=4'3=|.:zs
V' 20 35 7 V'35 20 20x . A I
v’ =140 35 20 20x25 Applying Eq. (1) for the two cases. we get
l ]
140 ——={I.5~l)[ - ]
sy E——=
m, = 15 R R,
M:=‘?x2=14 Sn,ﬂl=l-4—=7 and L: .51 =={I - |
M, 2 fr LI125-1 \R R,



3.

On dividing. we get
_j;l' _15-1 05
15  L125-1 0.125

For refraction at APB.,

=4=f,=60cm

_au:+aui=ﬂl-.u2
u v R
—y _'2_+l=._l_2=>v'=—3{}cm
-15 v =10

=5 The image O’ will be formed at 30 cm to the right at P.
Since the image formed is real and elongated, the situation 1s as

shown in the figure. Since the image of B is formed at B” itself,
therefore

- :

f13

P

B 1s situated at the center of curvature, that is, at a distance 2f
from the pole.

S 2
PA=2 — =
4 ] 3
Let us find the image of A. FOr point A
u=—£.v=?
3
, I
Applyin — g ———
PPy EH > f
| | |
= — e — I —
T
3
o dedigs o L TR SR Ly
v Sy v 5/ 5f
Image length = 2.5/ - 2= 0.5/ =-‘£;
1
Magnification= 2 = 1.5
i
3

For mimmmum deviauon,

. [ 8_] . [60+30)
sin| A+ 2- sin ———

EECRES

Since 1= /2 (given for the prism), the condition is for minimum
deviauion. In this case, the ray inside the prism becomes parallel
to the base. Therefore, the angle made by the ray inside the prism
with the base of the prism is zero.

The resolving power of a magnification device 1s inversely
proporuonal to the wavelength used. The resolving power of an
electron mucroscope 1s higher than that of an optical microscope
because the = avelength of electrons is smaller than the wavelength
of visible light

7. We know that the velocity of light in vacuum,

vV Ho€

Also, the velocity of light in a medium, v =

C =

L

Tie

» = Yelocity of light in medium
Velocity of light in vacuum

v_ I.*'r-.,,IﬂﬁEﬂ. _ JJU_E
c l’JFE vV Ho€o

—
—

8. Given that width of central maxima=2x10"'m

10.

11.

20 =2X 10"
d

_ 2x589%x107x0.5

- =2945x 10" m
2x10™

= d

. Frequency remains the same, 1.e.,

__ 3100 s 10" He

.
A 6000x107"°

1= V, _ 1.~;I.‘ ==*/l:=ﬁ
Vz "Av‘l ﬂ

The wavelength gets modified to
A 6000 A

u 1.5
Let P, and P, be the powers of the two thin lenses, respectively.
Power of the two lenses in contact = P, + P,. Power of the two
lenses at a distance x = P, + P, - xP P,. From the given data, we
get

f=

= 4000 A

P+P.=10m'and P, + P,-(025)PP,=6m"".
From these two expressions, we gel

PP,=16m"and P, -P,= (B +P) - 4RP,

= J10 ) -4016™)=6m"
Thus, P, + P,=10m'and P, - P, =6 m™', we get
P,=8m'andP, =2m’"

Hence. f, = ——lm =0.125m
F 8

and 1=i=lm=0.5m
R R

Using Snell’s law for the refraction at AC,
we get J sin i = (1)sin r v/2 sin 30° = sin r.
l

sin r= — r=45°,

V2

Angle of deviation = 45° — 30° = 15°




True/False Type

I-r

2

. True.

True. This is due to atmospheric refraction. The light coming
from sun bends toward the normal. Therefore., sun appears higher.
True. Intensity of light on a surface is the energy falling per
second normally on unit area of the surface. The energy falling/
second depends on energy density and the velocity of wave.
Energy density is the total energy per unit surface area. As we
move away from the cylindrical source of light, the surface area
of cylindrical wavefront increases. The surface area of cylinder

o< r (the distance from axis)
Energy density o L

r

I
Energy falling/second normally on unit area o —
pe

. |
Intensity o< _

r

False. Applying lens formula for convex lens.
I l !

Sonea agd b 1
!

v u f v (—o0)

Virtual
object

for concave
lens

025m

0.75m
-]

|«
Applying lens formula for concave lens,

:l_l l

1
f v 025 -025

l— | l =0 =vyv=00

= -
v =025 0.25
The statement is false.
True. For the light to split, the material should have refractive
index greater than | through which the light passes. Since the
prism is hollow, we get no spectrum.

LY

(I
= - + —
F L 5 F =15 30
-2+

—
—

=2 F=-30cm.

30
This combination behaves as a concave lens of focal length 30
cm. Since F, < F, therefore one sees colored pattern with violet
color at the outer edge. The statement is true.

Subjective Type

Here, R, =+ 12 cm, Ry=oco,u =15, =1

| 5
focal length of the lens — = (1.5 -1 [— - —]
‘ ) 5 } 12 oo
or f =24cm
. the plane side of the lens is silvered, focal length of the

mirror

S e
= 2
. Effective focal length of the silvered lens is
! . orf,=-12cm
fo Jfn )

The object is placed 24 cm in front of the lens.

u=-24cm, f=-12cm
And from the mirror equation (i), we have

l + _[ - i (”

v u f
or v=-24cm
The final image is formed on the object itself. The behavior is
like that of a concave mirror.
8. U, <M, because it is behaving like divergence lens.
b. K, = u, because no refraction is taking place.
When the block is placed on the printed page, a thin air film
(shown dotted) is trapped between the block and the page.
Looking through the vertical side of the block. the eye will
receive rays emerging from this side of the block. if the ray AB
starting from a letter A on the printed page falls on the block
at grazing incidence, i.e., 8 2 0° in which case the angle of
refraction in the block which is angle i will be equal to the
critical angle for air and glass. The ray BC will not merge from
the vertical side if the refracted ray BC falls on the vertical side
at an angle of incidence greater than the critical angle, ie., £
BCD is greater than i . But ZBCD = 90° - i.. Hence the letter
on the printed page will not be visible from the vertical face of
the block if the BC suffers total internal reflection at C e, if
90° —i.>1 or i <45°

D Eye

C <« Vertical

side

Thin air Printed page

film
A
Thus the maximum value of (i ), = 45°. Hence the minimum
value of refractive is

! !
n. = —
"% sin(i ) . sin4S5°

=J2=1414

Method 1:

A ray of light from the object first encounters a glass slab, then
a murror and finally a glass-slab again.

Glass slab: A slab simply shifts the object along the axis by a

, l
distance 5, =r[l - —-]=2cm

u




Direction of shift of object is towards left. Therefore the object
appears to be at /, which is 28 - 2 = 26 ¢m from the slab.

For mirror. the object for the mirror is the image /, formed after
shift due 1o the slab.

Therefore object distance from the mirror 1s 26 + 6 = 32 cm.
The image will now be formed 32 cm behind the mirror.

Now reflected rays are travelling from left to nght.

The ray now travels through the slab again but this time from
right to left. Therefore it is shifted again by a distance of
2 ¢m. but towards the right. Thus final position of the image 1s
32 - 2 = 30 ¢m behind the mirror.

Hence final image is formed 30 cm behind the mirror.
Method 2: Shifting of mirror

By the principle of reversiblility of light we can say if light rays
are coming from mirror and passes through slab. The mirror
will shift 2 m towards right for observer in front of the slab.
The position of the object from shifted mirror = 32 em.

| Position nl'
shufted mirmor

Hence the position of the image formed by shifted mirror will
be 32 embehind . Hence posyion ol the image from suriace L
is 30 ¢m left to it and 36 cm left of surface 1.

5. Givenuw=-200cm, f=50cm
For image /, of object formed by objecuive lens,

]
v ou
We have
L R I B O
v/ w50 200 200 200
200
— ' = 4+—CIMN

-

Also. magnification produced by objective lens
\ 200 3

-_

= ===

li ~00 3
Image / acts as an object for eve len.
Here. v=-25cm.f=35¢m
|
T

==

I
i

L]
!

6. a.

And magnification produced by eye lens.

v =25
m=-—-—= =6
oow (=25 6)

a. The scparation between objective and cvepiece

2 15 433
=Vl 4+l = L +—= L =70.73 cm
6 6
i
b. Magnification produced. m = m, xm, = ot 6 =-2

The regative sign shows that the final image is inverted.
The optical arrangement is equivalent to the concave mirror of
focal length F given by

1| I |

‘F ;r -’m fl
where f_ is the focal length of the lens without silvering and f,_
1s the focal length of the mirror.

[} i

i lf
XN PO~
: . ; *
s B
e R (¥
E R=60D0cm l‘f '

T R=20cm YTy

1 [ 1 ]
——=(n-1) -
_rr ‘Rl R'!-

(] | ] | .
=(1.5-1) - =—— = f =60cm
Lzo +60 ) 60 £
r",zﬂ,:?:ll']fl:mcm
l—nl *l_ A 1 :-gw—- - = F-ﬁ =TS om
I GL VL HL 6L B

For the image to be formed at the place of the object. X = R =
2F=T75x2=15cm

Method 1:

When the concave pari is filled with water of refractive index
4/3. the optical arrangement is equivalent to the concave mirror
of focal length F such that

F o T da Lo R

: _
L i_;}[_'___'- e L =7 =180em
f. (3 )60 =) 180

/. =60 cm (calculated earlier)

\ VvV VNN s
F 180 60 10 60 180 180
R0
Fr-l—cm
26
X = =3r='—ﬂ—ﬂx1=@=13*35;m
26 |

Av=150-1385=1.15¢cm



Method 2:
We use the equation
L P L
X, X R
For refraction at the interface ‘1’ (air water),
4/3 1 4/3-1
—"—1_ 6 e
The image of interface ‘1" is the object for the interface *2°.
1.5 1 _15-4/3

(1)

+20 x, 460
x,=ﬂ=13.85
26

Ax=150-1385=1.15¢cm

7. When the curved surface of the lens (refractive index i) is in
contact with the table, the imagc of the bottom-most point of lens
(in glass) is formed due to refraction at plane face. The image
of O appears at /,.
Here, u, = A0 =4 cm, v, = Al, =3 cm,
U, =p,and g,=1,and R, = oo

&-E‘_=#I-“_L gives I H _1-u (i)
v.ooou R, -3 -4

0!
(b)

When the plane surface of the lens is in contact with the table,
the image of center of the plane face is formed due to refraction
at curved surface. The image of O is formed at /,.
Here, u= A0 =-4cm, v=A/,=-15/8 cm

My=u =1 and R,=-R

Hy W, _ Hy— My

V. M R,

Gives : . =-!—_--‘-I-l
[_2_5\ -4 -R
. 8 )

From Eq. (1), it = 4/3, therefore this cquation gives

(-3)
8 .43 73 _3+%=

25 4 R 25
Thes ;ives R =25 cm.
The focal length ( f) of plano-convex lens (R, = R and R, = )
=

! | l
[— nr =
JR 75 3R

4—1

=Ip—l)[.l_._._t..)=_ﬂ_-__l.=3_=-l_

1
4 R o) R 25 75

= f="Scm

& e i mse the symbol < to mean ‘infinitesimally greater than’.
Wi B slab 15 not inserted,

@< 6. =sin"' (u,/u,) or sinb 2 u,/u,
When the slab is inserted, we have two cases

My< fy and py> W, .
Case I: i, < u,. We have sin@ 2 u,/p, 2 puy/u,

Thus, the light is incident on AB at an angle greater than the
critical angle sin™'(uy/y,) - It suffers total internal reflection
and goes back to medium II.

Case IlI: u,> p,

i 2 py /g < iy /1ty

Thus, the angle of incidence @ may be smaller than the cntical
angle sin"(,uj /i,) and hence it may enter medium [II. The
angle of refraction & 1s given by (figure).

D Hi E

L
1
]
I
'
L]
i
]
]
]

Sliﬂ&,z,ﬂ; (i)
sin@” u,
= sin0’=H2ging s E2. 8
u H H
Thus, sing’2 2L = ﬂ’asin"[ﬂ-] (i
Hs H3

As the slab has parallel faces, the angle of refraction at the face
FG is equal to the angle of incidence at the face DE. Equation
(i1) shows that this angle is infinitesimally greater than the cnitical
angle here. Hence, the light suffers total internal reflection and
falls at the surface FG at an angle of incidence &'. At this face,

" it will refract into medium Il and the angle of refraction will be

8 as shown by Eq. (i). Thus, the total light energy is ultimately
reflected back into medium Il

. Giveni=60° 6=30°and A = 30°. We have

O=i+e-A (1)
From equation (i), we get 30° =60° + e~30°ore =0
Here also i = 60° and é = 30°.

Therefore, r, = i — = 60° - 30° = 30°. Hence
_ s'mt =sfnt':ﬂfl =J§
sinr;, sin30°
Hence the value of a = 3.

10. a. At P, angle of incidence i, = A

If TIR satisfies for the smaller angle of incidence than for
larger angle of incidence is simultaneously satisfied.



11. a.

B<A 0 Sy
Maximum value of B can be 45°. Therefore, if condition of TIR
is satisfied. then condition of TIR will be satisfied for all value
of i, and i,.
Thus. 452 6.

sin 45° 2 6,

: El = pE\E
N
Minimum value of g or n is J2.

5

For n= E n=-—

3 3
If B =30°, then i, = 30°
Then A = 60° or i, = 60°
i, <6 butiy<¥8
1.e., TIR wall take placed at A but not at B.
or we write: sin iy <sin i, <Ssini,

3

sin 30° < 3 <sin60® or 05<06<0.86

For refraction at spherical surface,
Hy H _ Ha— 4 (i)
v u - R

For refraction at the first surface,
u,=1, 14, =4/3, u=o0, R, =42 mm, v = ' (say)

Position of image due to refraction at the first surface is given
by

| 4/3 _1-(473)

v e 2
This given v' = -6 mm
That is the image is formed at a distance of 6 mm to the left of
the first surface.
For refraction at the second surface,

W=u==(6+4)=-10mm, u, =1, u,=4/3

R.=-2mm
Substituting these values in Eq. (1), we get
2 - |
43 1 3
\ (=10) (-2)
43 1 1 =10-6
=:. —— e s s e——
\ 6 10 60
60 x F 4)
\ 3/
= V= - = -5 mm
16

The final image / is at a distance of 5 mm to the left of the second
surface.

b.

12.

13.

The ray diagram is shown in the figure

PP, =4 mm
=43 P,l'=6 mm
o P3f=5mm
i
I’ el d 2
-

) P|C=+R =42 mm
Na P.C =-R =-2mm

I is the virtual image formed by the first surface and the final
image is virtual and 1s formed at /.

As in question, image touches the rod, i.e., image and object
coincides, hence one end of the rod should be at the center of
curvature, It is also written that image is enlarged, it indicates
that the orientation of rod should be toward focus then only we
can get enlarged image along the principal axis. Let / be the
length of the image.

- U S
/
- >
Rod
e e e i » P
Imagt e 7R l--l—"—-—lr
B "
v
Then.m= _',. = = e
f/3 3

Also. one end of the image coincides with the object, u” = 2f.

: "
an,u'="+i = u::..f-l—i

3 3
1'=—(n+'—f-+f‘-f-.].
3 3

Putting in mirror formula, we get
I I

u+ f/3+mfi3 u ¥

3 3 !

— L ol S, —

Sf+f+mf S f
_ ! 2 3
. = — m=—
m+6 15 2

Let a be angle of incidence on a plane face of cylindrical rod.
if r1s angle of refraction, then according to Snell’s law

SIn o

sin &

——orsinr = (1)
sin r n

The angle of incidence at curved surfacter is (90° = r). The ray

is now passing from denser to rarer medium, therefore for no

(90° - r) 2 C, where C is cntical angle

Sin(90°-r2sinC

n=



Cosr2sinC

\/fl -sin‘r) 2sin C

. 2
sin“a _ g
l-qm., 2sin’ C [using (1))
2
N
; l
AsmC=l l—ﬂnza‘d 3
n n n

2 2

e 1 sin®
T'hlsgwes[ =+ JSI
n n

! : . ;
— [1sin’ 8] < 1 orn’ 2 (1 +sin’ a).
.

Maximum value of sin’° a = |
n“22or \E

Hence n, = J:.';

14. 2. When a convex lens is used to form image of X at ¥
I.  Aray starting from X parallel to the optic axis passes through
the second focus.

li. A rays starting from X directed toward the optic axis passes
undeviated.
Both the rays meet at Y, which is the real image of X.
b. When a concave mirror is used to form image of X and Y:
l. A ray starting from X parallel to the optic axis passes through
principal focus F.

Concave mirror

ii. A ray starting from X, directed toward the center of curvature
C, falls normally on the mirror and retraces its path.

Both the rays meet at Y, which is the real image of X.
15. a. If i is the angle of incidence at B(x, y), then slope of trajectory
at B,
dyldx = tan @=tan (90° - /) = cot { (1)
b. From Snell’s law, n sin i = constant C.
From Snell’s law at A(0, 0).
nsini=1xsin90°=1 = nasini=|

sini=1l/n or i=sin"'(1/n)

YA ;
Alr ' @=9(0°

16. a.

cosi _(1-Vn}

coti= — n -1
sin i (1/n)
From Egq. (i),
’ , l
or n'sin’i or A’ — =1
+cot™ i
=2
or - =]
| + (dv/dx)"
Givenn=[ky" +1]"" = n’=k"+1
k1 2 Y.
b Iﬁ:l = ;;}-‘-’-‘...]:]...(QJ
1+ (dy/ dx)* dx
or (dyldx)’=ky"? = dyldx - k'*y"
or  dyly"=k'" dx.

Integrating, we get 4y = k'"“ x + C
where c i1s constant of integration.
At x=0,vy=0 = C=0.
- 4y = k'
As  k=1.0(given)
: v = (1/d4)x (i)
This is the required equation of trajectory.
Aty=1.0m, Eq. (i1) givesx=4 m.
B(x,v,)=P4,1)

The path of the ray subsequently will be the grazing angle of
emergence since
nsine=1 or lsine=]1 = e=90°.
sin C= L
n

From the figure, (90° - r,) + 45° + (90° - C) = 180°
= r=45°-C

From Snell’s law,

sin i

- ="
sin 7,

sini=nsinr,
=nsin(45°-0)
=n (sin 45° cos C - cos 45° sin )

=-}E—{cnﬁc - sin C)
—;—;[JI - sin’ C - sin C]

[ROE:

ot =) -]




| e s ] [ 2
= E=sm - (—=\yn" =nyl=n;
LV~

b. When refracted ray passes through the diagonal face undeflected.

17.

the incidence at diagonal race 1s perpendicular.
ry= U S0 r+r.=45 = r =45

Again, =n=>sini=nsinr, =1.352 sin 45°

sin 7

or sini=13520020 —— = 0.956
V2

or i=sin"'(0.956) = 72°58".

Let magnification caused by the first lens be 2 and distance OL,

= x. Distance v of image from first lens L, is given by

v
m=—=2 =

v=2u=2x.

)

tn oy

1.Em
Clearly, u+v=18m = x+2x=18m
1.5
or 3x=18m = ‘r=T=U.6m

By sign convention,

u==x=LHDoemvuv=2x=12m

Lens tormula I- L. gives
AN N
' I ) U
— T = -
J 1.2 06 1.2
)

For real image, lens formula takes the form
| I 1

e

f/ Vool

Clearly, u and v are interchangezble. Therefore, for lens L,
W=v=12m and Vv =0.6m
OL =Ll =x

If d 1s the separatior between the lenses, then
x+d+x=18m
d=18-2x=18-2x06=06m

Method 2 Since the magnification for L, is 2

D+ d
= XagoH -
u == _D—h' B
D+d

=2 = D=18md=06m.

D-d

D -d® _(1.8+0.6)1.8-0.6)
4D 4x1.8

=0.4m

f=

18. If R is radius of curvature of each lens surface, then for air on
either side of lens. we have
l rl 1Y (3 \W(1 1
_=l ..1] i |=|..,__14.[_..-|-.._)
/ abg ‘R, R.) \2 AR R
— %=%=f=R=R-f=ﬂ3m
If i, is refractive index of lens matenal and y,, y, are refractive
indices on either side of the lens, then the formula is
l, — . =t
L _ 6 -l o (i)
Vv ﬂ RI R:
Here R, =03 m R, =03 m. u, =u_ =1,
3 4
#:=ﬂ;s.m=5 H1=#...ﬂ='§-"=-09m,t=‘?
(3 ] (4 3)
=] Y
a3 1 7)) 37
v (-0.9) 0.3 -0.3
o 4 " ] - I & |
3v 09 06 1.8
4 | ! l ]
or =l -
v 06 1.8 09 09
or v=0'9x4-12m
3
- 09m . 0.8 m +|

Ll
- - . - }—Ff—l-h—r-*-—*-—-—-‘

h...

-

[ 0.12m

o S

Thatis image /, 1s at a distance 1.2 m from lens L to the right or
at 2 distance (1.2 - 0.8) = 0.4 m to the nght of mirror M. This
image /, acts as a virtual source {eor the plane mirror and forms
real image /, at adistance 0.4 mon to the left of mirror and hence
at a distance (0.8 - 0.4) = 0.4 m to the right of convex lens. This
image /, acts as an object for the lens.

Again, the formula 1s

[ Sl R Sl

"" H" ‘RI RI
But now
- 4 : .,
Hi = Hwater = 3 ﬁ:’#;m"‘i- Hy = e =

R=-03m R, =+03m, u"=04m, " ="

I T
1.8 0.6

v” 0.3



19.

20.

I I 1 1 !
or — S e - ——— =
1.8 06 09

e = VvV'=09m

That is image /, is formed to the right at a distance 0.9 m from the
lens and is virtual. That 1s position of final image will be 0.9 m

to the nght of iens.
We will consider two refractions at plane surface S, and curved
surface S,. Refraction at §,

n |

v=-nmR
The image 1s virtual and on left of surface §,. It acts as an
object for refraction at the curved surface
Refraction at S,

1 _ n _l-n
V' —(nmR+R) (=R
n . =8
(nmR +R) (=R)
as emergent rays are paraliel to principal axis v, = ee. On solv-
ing for m, we get

l I 4
m= = —
3

n-n - (3!2}: -(3/2) -

Unit vector representing the normai to the plane ¢, = k.

Component of the incident ray along the norma! is ~i k.

The unit vector that represents the plane of the incident ray and
the normal

. (6V3i +8V3 )

e = '—;—r-'_—';—_.-—‘—“—'—
P J6d3) + (843)

Angle between the incident ray and the normal is given by

cos 0= {61;5; + 3\.."3 ; - 101:}

k/\(6J3) +(83) +10°
g cos 8=-0.5
Tnerefore, the angle 6 = 120°

=0.6/ ~ 0.8

21.

(b)
The angle of incidence 1s i = 180° = 120° = 60°
The angle of the refracied beam is given by
J—Z_ sin (i) = \@ sin (r) or r = 45°

The equation of the emergent ray is cos(r)e, + sii (r)e,

= cos(45°)(~k) +5in(45°) - (0.6i + 0.8 )
a
V2

For convex lens using sign convection of coordinate geometry,
u=+20cm, f=-15cm

(0.6i +0.8] — k)

A
l f/"‘\L BT
0.6 cm ] e (2
i \ /k 0
| \EJ
o 20 ¢cm
& I0cm .
So, -l—=l--l- =:J-—l=l-—I
f v u 15 v 20
= L. ! e = v,=-60cm

v 20 15 60

1.e.. image is formed at a distance 60 ¢m to the left of lens /..

Magnification, m, = —= - — = -3

30cm |

This image is real and inverted. It 1s intercepted by the mirror.
For concave mirror, u, = =60 + 30 = =30 cm, f,=+30cm



So, —I—=~l-+lgiv¢5

f/ vV u

l l | 1 | | 2

— —_——— = = =v.=15cm

30 v, 30 v, 30 30 30 i
Magnification

_-_V_:.-=-£=+l

"1 _30 2

Net magnification,
m=m,Xm,=(-3) X (%] =-1.5

Size of image A’'B'=-1.5x 1.2cm=-1.8 cm.

Magnification of mirror is half and image of B formed by convex
lens 1s 0.6 cm above RS, so the length of image will be 1.5 cm
below RS.

Thus, B” will be 0.3 cm above RS and A’ will be 1.5 cm below
RS.

Deviation produced by a prism = (u, - 1) a.
For no deviation caused by combination of two prisms,
(u,-Da+w,-1)a’=0

p, -1 .
= a=s —-— a
M, -1 a'
Here a =
T B 2 B S
Hy 2 2 |

Refracting angle of flint glass prism,
-1 _
I i F_[(l.so l)]xﬁ"

i, =1 (1.75-1)
=—w:~:6°= 4°
0.75

The negative sign shows that the bases of prisms are opposite.
Therefore, refracting angle of flint glass prism = 4°
Net dispersion produced
AB=(5,- 8)+ (8, - &)
=y - p)a+ (py - pr)e’
=(1.51 - 1.49) x 6° - (1.77 - 1.73) x 4°
=0.12° - 0.16° = -0.04° = 0.04° (numerically)

. Let f, be the focal length of convex lens; radius of curvature of
each curved face is R.

SR LI I | (W
i 1){R [_RJ} (=1

When the space between the lens and mirror is filled by water of
refractive index u, = 4/3, then the focal length of liquid concave

lens f, is
o4 = ( ])( I ]
ﬁ H, = R

s fEata By

The combined focal length of lenses is F, = 15 cm
I 1 1 1 3-1

i: -4 —— et — —
K 5 A 15 R 3R 3R
=5 3R=30 = R=10cm
In the second case,

F,=25cm. Let yt, = u,.

E i f 25 10 /7
L 1 _1 1_2-5
725 10 0
i 290
Sy = 3 cm
R R -10 3
' = ECTI N N =2 w06
] T £ (-50/3) s

= Ww=1+06=16
For an object placed at infinity the image after first reflection
will be formed at v,

B_&H_EH (1)
vy == +R

The image after second refraction will be found to v,
A_E, »‘_‘L_F‘z (ii)

vV, ¥

Addmg(:)and(u)—l L‘L-l-ﬂvz -;ELQ—
"2 1=

Therefore focal length will be -#ﬁlﬂ— .
1™ H

. From Snell’s law, y, sin i = i, sin r, we have

]
sinr= ""‘]"'sml \/_ sm45°- — = r=30°.

This means that the ray becomes pa:allcl to side AD inside the
slab.

This implies that for the second face CD, u = oo
GivenR=04m

Now, we have



26.

27, &

My  Hy

Hy — M,

—

v u R

1514 V2 1514-2

-_:

v 00 R

_ 1.514x04 _1.514x04
1.514 - 1.414 0.1

= 6.056 m = 6.06 m (up to two decimal places).

Given f=03m,u=-04m
From lens formula,
| 1 1

r i "
We have,
1 alel =5 L) ] or v=1.2
03 v 04 v 03 04 T oW
Differenuating Eq. (i) with respect to time 1, we get
| dv 1 du dv v du
(= = + 3 =N e (1)
vo dt yut odt dt y* dt
~ du
Given — =00l ms™
dt
dv ( 1.2 )2
= —'=|=— 01 =0. 3
= 0.4 x001=009ms
Therefore, rate of change of position of image = 0.09 ms™.
v
Magnification, m = —
u
Differentiating with respect to time ¢,
y & _
am " "V (<0.4)x0.09 1.2 x (0.01)
dr 1 (-0.4)°
-0.036 -0.012 .
= — =-9-D—4-8-=*—ﬂ.35-t
0.16 0016
For minimum deviation of emergent ray from the first prism
MN is parallel o AC
ZBMN - 90°
Lr=30°
Applying Snell’s law at M
_sin¢
sinr

Sini=msin r

sinf=s/3xsin30°=-‘£j

b. When the prism DCE is rotated about C in anticlockwise direc-

tion, as shown in the figure. then the final emergent ray SR
becomes parallel to the incident 7M. Thus, the angle of devia-
tion becomes zero.

. Let 8be the angle of incidence at face AB, then for total internal

reflection at face AB

l
= sinf@> — or sinf@>sind45° = 0>45°
J2

For total intermmal reflection at face CD.,

sin > sin C, = s =—‘E— = sin 9> X2

it 2 2
or sin 8 > sin 60° or 8 > 60°

Therefore, for total intemal reflection at both the surfaces,
6, =60°

. The deviation produced by small angled prism,

O, =(u—- Da=(1.5-1)4° = 2° (always)
Deviation caused by mirror,

d,=180°-2i=180° -2 x45°=90°
Net deviation produced by system = §, + §, = 2° + 90° = 92°
This 1s more than 90°.
Greater 1s angle of incidence on the mirror. smaller is the
deviation.
If Bis the angle of rotation of mirror in clockwise direction to
increase angle of incidence, then deviation produced by the
mirror will be 180° - 2(45° + §) =90° - 23
Therefore, total deviation produced =90° - 28 + 2° = 92° - 28
Given, 92°-2=90°= B=1°



