l Section-A

CHAPTER - 16
RAY & WAVE OPTICS

A light wave of frequency 5 x 10'* Hz enters a medium of
refractive index 1.5. In the medium the velocity of the light
waveis ......... and its wavelength is .......... (1983 - 2 Marks)
A convex lens 4 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. Ifa parallel beam of light falling
on 4 leaves B asa parallel beam, then disequalto ...... cm.

(1985 - 2 Marks)
A monochromatic beam of light of wavelength 6000 A in
vacuum enters a medium of refractive index 1.5. In the
medium its wavelength is ....., its frequency is ......

(1985 - 2 Marks)
In Young’s double-slit experiment, the two slits act as
coherent sources of equal amplitude ‘4’ and of wavelength
‘2. In another experiment with the same set-up the two
slits are sources of equal amplitude ‘4’ and wavelength 3, °,
but are incoherent. The ratio of the intensity of light at the
midpoint of the screen in the first case to that in the second
Caseis............. (1986 - 2 Marks)
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 % , its focal length will become ........ cm.

(1987 - 2 Marks)
A point source emits sound equally in all directions in a
non-absorbing medium. Two points P and Q are at a distance
of 9 meters and 25 meters respectively from the source. The
ratio of amplitudes of the wavesat Pand Qs ............

(1989 - 2 Marks)
A slab of a material of refractive index 2 shown in fig. has a
curved surface APB ofradius of curvature 10 cm and a plane
surface CD. On the left of APB is air and on the right of CD
is water with refractive indices as given in the figure. An
object 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

fromtheleftis ............... (1991 - 2 Marks)
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A thin rod of length % is placed along the optic axis of a

concave mirror of focal length f such that its image which is
real and elongated, just touches the rod. The magnification
i (1991 - 1 Mark)
A ray of light undergoes deviation of 30° when incident on

an equilateral prism ofrefractive index V2 .The angle made
by the ray inside the prism with the base of the prism is
.................... (1992 - 1 Mark)
The resolving power of electron microscope is higher that
that of an optical microscope because the wavelength of
electronsis........cc..cc...... than the wavelength of visible light.

(1992 - 1 Mark)

If ¢ and p are, respectively, the electric permittivity and

magnetic permeability of free space, ¢ and U the
corresponding quantities in a medium, the index ofrefraction
of the medium in terms of the above parameters is
...................... (1992 - 1 Mark)
A light of wavelength 6000A in air, enters a medium with
refractive index 1.5 Inside the medium its frequency s .... Hz
and its wavelength is ... A. (1997 - 2 Marks)
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 length ofthe lenses are ....
mand ... m. (1997 - 2 Marks)
A ray of light is incident normally on one of the faces of a

prism of apex angle 30° and refractive index /2 . Theangle

of deviation of the ray is... degrees. (1997 - 2 Marks)

B True/False

The setting sun appears higher in the sky than it really is.
(1980)
The intensity of light at a distance ‘7’ from the axis of a long
cylindrical source is inversely proportional to ‘7.
(1981- 2 Marks)
A convex lens of focal length 1 meter anda 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. (1983 - 2 Marks)
A beam of white light passing through a hollow prism give
no spectrum. (1983 - 2 Marks)
The two slits in a Young’s double slit experiment are
illuminated by two different sodium lamps emitting light of
the same wavelength. No interference pattern will be
observed on the screen. (1984- 2 Marks)



In a Young’s double slit experiment performed with a source
of white light, only black and white fringes are observed.
(1987 - 2 Marks)
A parallel beam of white light fall on a combination of a
concave and a convex lens, both of the same meterial. 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 coloured patterns with violet colour at the
outer edge. (1988 - 2 Marks)

C MCQs with One Correct Answer

When a ray of light enters a glass slab from air,

(a) its wavelength decreases.

(b) its wavelength increases.

(c) Its frequency decreases.

(d) neither its wavelength nor its frequency changes.

A glass prism of refractive index 1.5 is immersed in water

(refractive index 4/3). A light beam incident normally on the

face AB is totally reflected to reach on the face BC if
(1981- 2 Marks)

(1980)

. 8
(@) sin62 ry A B

b E<sin9<§
®) 3 9

. 2
(c) snb< 3

(d) None of these

In Young’s double-slit experiment, the separation between

the slits is halved and the distance between the slits and the

screen is doubled. The fringe width is  (1981- 2 Marks)

(a) unchanged. (b) halved.

(c) doubled (d) quadrupled

A ray oflight from a denser medium strike a rarer medium at

an angle of incidence i (see Fig). The reflected and refracted

rays make an angle of 90° with each other. The angles of

reflection and refraction are rand #’ The critical angle is
(1983 - I Mark)

(b) sin”! (tani)

(© sin”! (tanr') (d tan~! (sini)
Two coherent monochromatic light beams of intensities /

and 4 ] are superposed. The maximum and minimum possible
intensities in the resulting beam are (1988 - 1 Mark)

(@) Sland/ (b) SIand3/

(¢) 97and/ (d) 97/and3/

Spherical aberration in a thin lens can be reduced by
(1994 - 1 Mark)

@ sin”! (tanr)

(a) usinga monochromatic light
(b) using a doublet combination
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(c) using a circular annular mark over the lens

(d) increasing the size of the lens.

Abeam of light of wave length 600 nm from a distance source
falls on a single slit 1 mm wide and a resulting diffraction
pattern is observed on a screen 2m away. The distance
between the first dark fringes on either side of central bright

fringe is (1994 - 1 Mark)
(@ 12cm (b) 12mm
() 24cm (d) 24mm

An isosceles prism of angle 120° has a refractive index 1.44.
Two parallel monochromatic rays enter the prism parallel to
each other in air as shown. The rays emerge from the opposite
faces (1995S)

—_—

(a) are parallel to each other

(b) arediverging

(c) makean angle2 [sin~! (0.72)—30°] with each other
(d) make an angle 2 sin~! (0.72) with each other

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 (19958)

(a) aconcave mirror of suitable focal length

(b) aconvex mirror of suitable focal length

(c) aconvex lens of focal length less than 0.25 m
(d) a concave lens of suitable focal length

The focal lengths of the objective and the eye piece of a
compound microscope are 2.0 cm and 3.0 cm, respectively.
The distance between the objective and the eye piece is
15.0 cm. The final image formed by the eye piece 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 (19958)
(@ 24and12.0 (b) 24and15.0
(c) 2.0and12.0 (d) 2.0and3.0

Consider Fraunhoffer diffraction pattern obtained with a
single slit illuminated at normal incidence. At the angular
position of the first diffraction minimum the phase difference
(in radians) between the wavelets from the opposite edges
of the slit is (1995S)
@ n/4a ®) =n/2 (© 2n d =

In an interference arrangement similar to Young’s double-
slit experiment, the slits S, and S, are illuminated with
coherent microwave sources, each of frequency 10° Hz. The
sources are synchronized to have zero phase difference.
The slits are separated by a distance d = 150.0 m. The
intensity / (0) is measured as a function of 6, where 0 is
defined as shown. If /; is the maximum intensity, then 7 (6)
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for 0 <9 <90° is given by | (1995S) S
@@ I1©)=1y/2 for 6=30° §)
a2 / VAIANF
b) 10)=1,/4 for 6=90 1 | : It (20008)
() 1®)=1I, for 6=0° dn2
5. (@) zero b «
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(d) 1(0) is constant for all |

values of 0.
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 asa
(1999S - 2 Marks)
(a) convergent lens of focal length 3.5 R
(b) convergent lens of focal length 3.0 R
(c) divergent lens of focal length 3.5 R
(d) divergent lens of focal length 3.0 R
Yellow light is used in a single slit diffraction experiment
with slit width of 0.6 mm. If yellow light is replaced by
X—rays, then the observed pattern will reveal,
(a) that the central maximum is narrower (1999S - 2 Marks)
(b) more number of fringes
(c) less number of fringes
(d) nodiffraction pattern
A thin slice is cut out of a glass cylinder along a plane
parallel to its axis. The slice is placed on a flat glass plate as
shown in Figure.
The observed interference fringes from this combination
shall be (1999S - 2 Marks)
(a) straight l l l l
(b) circular
(c) equally spaced \\ /
(d) having fringe spacing which increases as we go
outwards
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 u, and p,
respectively (i, > p, > 1). The lens will diverge a parallel
beam of light ifit is filled with (2000S)
(a) air and placed in air (b) airandimmersedinL,
(©) L,andimmersedinL, (d) L,andimmersedinlL,
A point source of light B is placed at a
i

w

distance L in front of the centre of a
mirror of width 'd" hung vertically on a
wall. A man walks in front of the mirror
along a line parallel to the mirror at a
distance 2L from it as shown in fig. The
greatest distance over which he can see
the image of the light source in the mirror
is (2000S)
(@ dr2 (b) d (c) 2d (d) 3d

A diverging beam of light from a point source S having
divergence angle o, falls symmetrically on a glass slab as
shown. The angles of incidence of the two extreme rays are
equal. Ifthe thickness of the glass slab is # and the refractive
index n, then the divergence angle of the emergent beam is

—
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© sin”! [%) ) 2sin”! G)

A rectangular glass slab ABCD of refractive index n, is
immersed in water of refractive index n,(n, > n,). Aray of
light is incident at the surface 4B of the slab as shown. The
maximum value of the angle of incidence o, such that the
ray comes out only from the other surface CD is given by

}Q\\\‘\\\‘\‘ Y‘\

N

(20008)

-y

_ (. ()
a) sin~!| A i 2
@ s " cosLs LnlJJ}

)
(b) sin _”1 cosksm Ln—z U

) i)
1m -1 n

(c) sin an J (d) sin L " J

In a double slit experiment instead of taking slits of equal

widths, one slit is made twice as wide as the other. Then, in

the interference pattern (2000S)

(a) the intensities of both the maxima and the minima
increase

(b) the intensity of the maxima increases and the minima
has zero intensity

(c) the intensity of the maxima decreases and that of the
minima increases

(d) the intensity of the maxima decreases and the minima
has zero intensity

In a compound microscope, the intermediate image is

(a) virtual, erect and magnified (2000S)

(b) real, erect and magnified

(c) real, inverted and magnified

(d) wvirtual, erect and reduced

Two beams of light having intensities / and 4/ interfere to

produce a fringe pattern on a screen. The phase difference

between the beams is 71/2 at point 4 and & at point 5. Then

the difference between the resultant intensities at 4 and B is

(@ 2« (b) 4 (2001S)

(c) 5I @ 7

In a Young’s double slit experiment, 12 fringes are observed

to be formed in a certain segment of the screen when light of

wavelength 600 nm is used. If the wavelength of light is

changed to 400 nm, number of fringes observed in the same

segment of the screen is given by (2001S)

@ 12 (b) 18 (c) 4 (d) 30
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A 1ay of light passes through four transparent media with
refractive indices ,, u,, u, and p, as shown in the figure.
The surfaces of all media are parallel. If the emergent ray CD
is parallel to the incident ray AB, we must have  (2001S)

D
wo| R rf;{"’m
Bl
/
@ w=u b) 1=,
© M=H @ p=n

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 (2001S)

r K

(a) greater deviation (b) no deviation

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

(2002S)
Lo

>

2h
5 5 3 3
@ 5 ® E © E @ 3

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. (20028)

(C) R @ (d) R: i

In the ideal doubie-siit experiment, when a glass-plate
(refractive index 1.5) of thickness t is introduced in the path
of one of the interfering beams (wave-lenght ) ), the

29.

30.

31.

32.
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intensity at the position where the central maximum occurred
previously remains unchanged. The minimum thickness of
the glass-plate is (2002S)
@@ 2x ® 23 (¢ A3 @ A

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 30°
at a point just inside one end of 4. The plane of incidence
coincides with the plane of the figure. The maximum number
of times the ray undergoes reflections (including the first

one) before it emerges out is (2002S)
i il
2J3m
(@ 2B (b) 30 () 32 @ 34

In the adjacent diagram, CP represents a wavefront and A0
& BP, the corresponding two rays. Find the condition on
o for constructive interference at P between the ray BP and
reflected ray OP. (2003S)

b 0 R

(@ cosg =3)/2d (b) cosg =x/4d

() seco-cos@ =xr/d (d) seco-cosp =4)/d
The size of the image of an object, which is at infinity, as
formed by a convex lens of focal length 30 cm is 2 cm. Ifa
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. (2003S)
(@ di2 ) d (c) 2d d) 3d

A ray of light is incident at the glass-water interface at an
angle 1, it emerges finally parallel to the surface of water,
then the value of u . would be (2003S)

a\_i: |-I

Wate

Calass F*

My, =43
I

(@) (4/3)sini
(c) 43

(b) 1/sini
@ 1
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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 (2004S)
(a) Violet, Indigo, Blue (b) All colors except green

(c) Yellow, Orange, Red (d) White light
An equilateral prism is placed on a horizontal surface. Aray
PQ is incident onto it. For minimum deviation  (2004S)

(@) PQishorizontal
(¢) RSishorizontal
(d) Any one will be horizontal

Monochromatic light of wavelength 400 nm and 560 nm are
incident simultaneously and normally on double slits
apparatus whose slits separation is 0.1 mm and screen
distance is 1m. Distance between areas of total darkness
will be (2004S)
@ 4mm (b) 56mm (c) 14mm (d) 28mm

A source emits sound of frequency 600 Hz inside water.
The frequency heard in air will be equal to (velocity of
sound in water = 1500 m/s, velocity of sound in air = 300 m/s)
(@) 3000Hz (b) 120Hz (2004S)
(c) 600Hz (d) 6000Hz

A point object is placed at the centre of a glass sphere of
radius 6 cm and refractive index 1.5. The distance of virtual
image from the surface is (2004S)
(@ 6cm (b) 4cm (¢ 12cm (d) 9cm

In Young’s double slit experiment intensity at a point is (1/4)
of the maximum intensity. Angular position of this point is

(@) sin!(A/d) (b) sin!(M2d)  (2005S)
(c) sin~!(M/3d) (d) sin~!(M/4d)

A convex lens is in contact with concave lens. The magnitude
of the ratio of their focal length is 2/3. Their equivalent focal
length is 30 cm. What are their individual focal lengths?

@ -15,10 ) -10,15 (2005S)
() 75,50 d -75,50

A container is filled with water (u=1.33) upto a height of
33.25 cm. A concave 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

{(b) OR ishorizontal

mirror is ; {2005S)
(a) 15cm /’f:_-_‘_\\
(b) 20cm .
(c) —18.31cm |
(d) 10cm 15 cm ! I
u=1.33 25 cm
33.25 cm !
gL
.

Focal length of the plano-convex lens is 15 cm. A small object
is placed at A as shown in the figure. The plane surface is

42,

43.

44.

silvered. The image will form at (2006 - sm,-1)

FELPELISTITES

|

A® 20 cm
(@) 60cmtotheleftoflens (b) 12 cm tothe left oflens
(¢) 60cmtotheright oflens(d) 30cm tothe left of lens

The graph shows relationship between F 1
object distance and image distance for a i Y em
equiconvex lens. Then, focal length of the i

lens is (2006 - iM, 1)

(@ 050+005cm n S i

(b) 0.50+0.10cm

(© 5.00%005cm "—*’““f Rleio

() 500£0.10cmuem 31 30 20 g
Rays of light from Sun falls on a biconvex lens of focal
length fand the circular image of Sun of radius r is formed
on the focal plane of the lens. Then (2007)
(@ Areaofimageis nr?and area is directly proportional of f
(b) Areaofimageis nr? and area is directly proportional to /2
(c) Intensity of image increases if fis increased

(d) If lower half of the lens is covered with black paper

area will become half

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 P4. When
the student shifts his/her eye towards left, the image appears

to the right of the object pin. Then, (2007)
@ x<f (b) f<x<2f
© x=2f d x>2f

A ray of light traveling in water is incident on its surface

open to air. The angle of incidence is 0, which is less than

the critical angle. Then there will be (2007)

(a) only areflected ray and no refracted ray

(b) only arefracted ray and no reflected ray

(c) areflected ray and arefracted ray and the angle between
them would be less than 180° —26

(d) areflected ray and arefracted ray and the angle between
them would be greater than 180° — 20

Two beams of red and violet colours 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 (2008)

(a) 30° for both the colours

(b) greater for the violet colour

(c) greater for the red colour

(d) equal but not 30° for both the colours
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47. Alight beam is travelling from Region I to IV (figure). The =~ S1. Abi-convex lens is formed with two thin plano-convex lenses
as shown in the figure. Refractive index n of the first lens is
1.5 and that of the second lens is 1.2. Both the curved surface
are of the same radius of curvature R = 14 cm. For this bi-
convex lens, for an object distance of 40 cm, the image

ng n
refractive index in regionals I, I, IlT and IV are ng, 70,?0

n . .
and ?0 respectively. The angle of incidence 6 for which distance will be (2012)
. . . . . n=15 = n=1.2
the beam just misses entering region IV is — (2008) Ay
Region | Begion 1l Regon 1l Region IV
g Ny 1Y) ﬂ /\J\
3 e 8 R=14 em
(@ -280.0cm (b) 40.0cm
0 0.2m 0.6m (¢) 215cm (d) 133cm
52. Young’s double slit experiment is carried out by using green,
(a) sin'(3/4) () sin 1 (1/8) red and blue light, one color at a time. The fringe widths
(c) sin71(1/4) (d) sin™!(1/3) recorded are b, b, and by, respectively. Then,
48. Aballis dropped from a height of 20 m above the surface of (@ bg>bp>bp (b) bgp>bs>bp (2012)
water in a lake. The refractive index of water is 4.3. A fish () bgp>bg>bg (d) bgp>bg>by

inside the lake, in the line of fall of the ball, is looking at the

. . . . . 1 2 AN e .
ball. At an instant, when the ball is 12.8 m above the water 53. Arayoflight travelling in the direction 2 G+ \/gj ) isincident

surface, the fish sees the speed of ball as [Take g = 10 m/s2 ] on a plane mirror. After reflection, it travels along the direction
(@ 9m/s (b) 12m/s (2009) 1
© 16m/s @ 2133m/s X ~+/3) . The angle of incidenceis  (JEE Ady. 2013)
49. A biconvex lens of focal length 15 cm is in front of a plane
. . . (@) 30° (c) 60°
mirror. The distance between the lens and the mirror is 10 (b) 45° ) 75°
cm. A small object is kept at a distance of 30 cm from the ) . : : .

; ) 54. Inthe Young’s double slit experiment using a monochromatic
lens. ”Ijhe final image 18 ) (2010) light of wavelength A, the path difference (in terms of an
(2) virtualand ata distance of 16 cm from the mirror integer n) corresponding to any point having half the peak
(b) realand ata distance of 16 cm from the mirror intensity is (JEE Adv. 2013)
(c) virtual and at a distance of 20 cm from the mirror 2 N
(d) real and ata distance of 20 cm from the mirror (@ (2n+1) > ®) (2n+1) 2

50. Alight raytravelling in glass medium is incident on glass-

air interface at an angle of incidence 0. The reflected (R) and A A
transmitted (T) intensities, both as function of @, are plotted. © @n+Dh= (d @n+D)—
. 8 16
The correct sketch is (2011) . .
55. 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
@ ' (p) 100% gt in a lower refractive index liquid as shown in the figure. Itis
g found that the light emerging from the block to the liquid
B _ forms a circular bright spot of diameter 11.54 mm on the top
: of the block. The refractive index of the liquid is
- (JEE Adv. 2014)
e
90 +———— Liquid
(C) 100"'& I — _r
: « Block
= :
E s
: @@ 121 (b) 1.30

© 1.36 @ 1.42

GP_3481



Ray and Wave Optics.

56.

57.

1

A parallel beam of light is incident from air at an angle o.on
the side PQ of a right angled triangular prism of refractive
index n= /2 . Light undergoes total internal reflection in

theprism at the face PR when o has a minimum value 0f45°.
The angle 0 of the prism is (JEE Adv. 2016)

@ 15° (b) 225°

(c) 30° (d) 45°

A small object is placed 50 cm to the left of a thin convex
lens of focal length 30 cm. A convex spherical mirror ofradius
of curvature 100 cm is placed to the right of the lens at a
distance of 50 cm.The mirror is tilted such that the axis of
the mirror is at an angle 8 =30° to the axis of the lens, as
shown in the figure.

f=30em

(~50,00)

Al em

(50+504/3,-50)

If the origin of the coordinate system is taken to be at the
centre of the lens, the coordinates (in cm) of the point (X, y)
at which the image is formed are (JEE Adv. 2016)

@ (0,0 (b) (50-2513,25)

© (25253) @ (125/3,2543)

1 ) I MCQs with One or More than One Correct

In the Young’ s double slit experiment, the interference

pattern is found to have an intensity ratio between the bright

and dark fringes as 9. This implies that (1982 - 3 Marks)

(a) the intensities at the screen due to the two slits are 5
units and 4 units respectively

(b) the intensities at the screen due to the two slits are 4
units and 1 units respectively

(c) theamplituderatiois3

(d) theamplituderatio is2

A convex lens of focal length 40 c¢m is in contact with a

concave lens of focal length 25 cm . The power of the

combination is (1982 - 3 Marks)

(@ - 1.5dioptres (b) —6.5 dioptres

() +6.5dioptres (d) +6.67dioptres

White light is used to illuminate the two slits in a Young’s
double slit experiment. The separation between the slits is b
and the screen is at a distance d (> b) from the slits. At a
point on the screen directly in front of one of the slits, certain
wavelengths are missing. Some of these missing
wavelengths are (1984- 2 Marks)

b _2p?

@ r=" ®) A="r
b? 2b?

© *=33 @ A=7

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 (1986 - 2 Marks)

(@) halfthe image will disappear.

(b) complete image will be formed.

(c) intensity ofthe image will increase.

(d) intensityofthe image will decrease.

A short linear object of length b lies along the axis of a

concave mirror of focal length fat a distanee u from the pole

of the mirror. The size of the image is approximately equal to
(1988 - 2 Mark)

@ b[”}f]m ) b(ﬁ)m
ol wlL)

A beam of light consisting of red, green and blue colours is
incident on a right angled prism, fig. 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 (1989 - 2 Mark)

s

_
— P

(@) separate part of the red colour ffom the green and blue
colours

(b) separate part of the blue colour from the red and green
colours

(c) separate all the three colours from one another

(d) not separate even partially any colour from the other
two colours.

An astronomical telescope has an angular magnification of

magnitude 5 for distant objects. The separation between the

objective and the eyepiece is 36 cm and the final image is

formedat infinity. Thefocdl length £, of the objective and the

focal length f; of the eyepiece are (1989 - 2 Marks)

(@ fy=45cmandf,=-9cm (b) f,=50cmandf,=10cm
(© fy=72cmandf,=5cm (d) f,=30cmandf,=6cm.
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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
(1990 - 2 Marks)

(@) 533° b) & () 3 d) 26°

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. (1992 - 2 Marks)

(@) The distance between the objective and the eyepiece

is16.02m

(b) Theangular magnification of the planet is — 800

(¢) Theimage ofthe planet is inverted

(d) The objective is larger then the eyepiece

Two thin convex lenses of focal lengths £, and £, are separated

by a horizontal distance d (where d <f|, d<f,) and their centres

are displaced by a vertical separation A as shown in the fig.
(1993-2 Marks)

37T N
o
—d —>

Taking the origin of coordinates O, at the centre 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:
N2
x= )
@ h+1

Lo Silatd) o A

y=A

Ry Y
_fihtd(i-d) _ Ahi-d)

© =i h-a YT hefd
_Ahrdi-d)

@ =" rin-a

Which of the following form(s) a virtual and erect image for
all positions of the object ? (1996 - 2 Marks)
(@) Convex lens (b) Concave lens
(¢) Convex mirror (d) Concave mirror.
A real image of a distant object is formed by a plano-convex
lens on its principal axis. Spherical aberration

(1998 - 2 Marks)
(a) 1is absent.
(b) is smaller if the curved surface of the lens faces the

object.

(c) issmaller iftheplane surface of the lens faces the object.
(d) isthe same whichever side of the lens faces the object
A ray of light travelling 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  is the
refractive index of the medium with respect to air, select the
possible value(s) of n from the following : (1998 - 2 Marks)
(@ 13 (b) 14 (¢) L5 () 16

14.

16.

17.

18.

19.
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A parallel monochromatic beam of light is incident normally
on a narrow slit. A diffraction pattern is formed on a screen
placed perpendicular to the direction of the incident beam.
At the first minimum of the diffraction pattern, the phase
difference between the rays coming from the two edges of
the slit is (1998 - 2 Marks)
(@ 0 (b) m2 (© = (d 2n

A concave mirror is placed on a 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.
It has a real image, also located at C. If the mirror is now
filled with water, the image will be. (1998 - 2 Marks)
(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

A spherical surface of radius of curvature R separates air
(refractive index 1.0) from glass (refractive index 1.5). The
centre 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 = OQ. The distance PO
is equal to (1998 - 2 Marks)
(@ SR ®) 3R (©) 2R (d) 15R
In a Young’s double slit experiment, the separation between
the two slits is d and the wavelength of the light is A. The
intensity of light falling on slit 1 is four times the intensity of
light falling on slit 2. Choose the correct choice(s). (2008)
(@) Ifd=A,thescreen will contain only one maximum
(b) IfA<d<2A,atleast one more maximum (besides the
central maximum) will be observed on the screen
(c) Ifthe intensity of light falling on slit 1 is reduced so
that it becomes equal to that of slit 2, the intensities of
the observed dark and bright fringes will increase
(d) Ifthe intensity of light falling on slit 2 is increased so
that it becomes equal to that of slit 1, the intensities of
the observed dark and bright fringes will increase
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 (4, v ) values recorded by
the student (in cm) are :
(42, 56), (48, 48), (60, 40), (66, 33), (78, 39). The data set(s)
that cannot come from experiment and is (are) incorrectly
recorded, is (are) (2009)
(@) (42,56) (b) (48,48) (c) (66,33) (d) (78,39)
Aray 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 prismis

3 , which of the following is (are) correct? (2010)
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20.

21.

22.

23.

(@) Theray gets totally internally reflected at face CD
(b) The ray comes out through face AD
(c) The angle between the incident ray and the emergent
ray is 90°
(d) The angle between the incident ray and the emergent
rayis 120°
A transparent thin film of uniform thickness and refractive
index n; = 1.4 is coated on the convex spherical surface of
radius R at one end of a long solid glass cylinder of refractive
index n, = 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 (JEE Adv. 2014)

@ |A]=3R ®) |A|=28R

© |A]|=2R @ |f|=14R

A light source, which emits two wavelength A, =400 nm and
A, =600 nm, is used in a Young’s double slit experiment. If
recorded fringe widths for A, and A, are 3, and 3, and the
number of fringes for them within a distance y on one side of
the central maximum are m, and m, respectively, then

@ B,>B (JEE Adv. 2014)

(b) m;>m,

(c)  Form the central maximum, 3'd maximum of A, overlaps
with 5t minimum of M

(d) The angular separation of fringes for A is greater

than ,.
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 (JEE Adv. 2015)

(@ 60cm (b) 70cm (¢) 80cm (d) 90cm

A plano—convex lens is made of a material of refractive index
n. When a small object is placed 30 cm away in front of the
curved surface of the lens, an image of double the size of
the object is produced. Due to reflection from the convex
surface of the lens, another faint image is observed at a
distance of 10 cm away from the lens. Which of the following
statement(s) is(are) true? (JEE Adv. 2016)

24,

(@) Therefractive index ofthe lens is 2.5

(b) The radius of curvature of the convex surface is 45 cm
() The faint image is erect and real

(d) The focal length of the lens is 20 cm

A transparent slab of thickness d has a refractive index n(z)
that increases with z. Here z is the vertical distance inside
the slab, measured from the top. The slab is placed between
two media with uniform refractive indicesn; andn, (>n,),
as shown in the figure. A ray of light is incident with angle
0,, from medium 1 and emerges in medium 2 with refraction
angle O, with a lateral displacement /. (JEE Adyv. 2016)

n,= constant

zl . nz)

n.= constant

Which of the following statement(s) is(are) true?
(@) n,sin6; =n, sinO;

(b) n;sin®,=(n,—n,)sind;

(c) [isindependent of n,

(d) [/isdependent on n(z)

25. While conducting the Young’s double slit experiment, a

student replaced the two slits with a large opaque plate in
the x-y plane containing two small holes that act as two
coherent point sources (S|, S,) emitting light of wavelength
600 nm. The student mistakenly placed the screen parallel
to the x-z plane (for z > 0) at a distance D = 3 m from the mid-
point of S S , as shown schematically in the figure. The
distance between the sources d =0.6003 mm. The origin O is
at the intersection of the screen and the line joining S S,.
Which of the following is(are) true of the intensity pattern
on the screen? (JEE Adv. 2016)
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(a) Straight bright and dark bands parallel to the x-axis

(b) The region very close to the point O will be dark

(c) Hyperbolic bright and dark bands with foci
symmetrically placed about O in the x-direction

(d) Semi circular bright and dark bands centered at point.
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E Subjective Problems

Apin isplaced 10 cm in front of a convex lens of focal length
20 cm, made a material of refractive index 1.5. The surface of
the lens farther away from the pin is silvered and has a
radius of curvature are of 22 cm. Determine the position of
the final image. Is the image real as virtual? (1978)
A ray of light is incident at an angle of 60° on one face of
prism which has an angle of 30°. The ray emerging out of
the prism makes an angle of 30° with the incident ray. Show
that the emergent ray is perpendicular to the face through
which it emerges and calculate the refractive index of the
material of the prism. (1978)
A rectangular block of glass is placed on a printed page
lying on a horizontal surface. Find the minimum value ofthe
refractive index of glass for which the letters on the page are
not visible from any of the vertical faces of theblock. (71979)
What is the relation between the refractive indices p, and
H,, if the behaviour of light rays is as shown in the figure?
(1979)

An object is placed 21 cm in front of a concave mirror of
radius of curvature 10 cm. A glass slab of thickness 3 cm
andrefractive index 1.5 is then placed close to the mirror in
the space between the object and the mirror.
Find the position of the final image formed. (Youmay take
the distance of the near surface of the slab from the mirror to
be 1 cm. (1980)
The convex surface of a thin concavo-convex lens of glass
of refractive index 1.5 has aradius of curvature 20 cm. The
concave surface has a radius of curvature 60 cm. The convex
side is silvered and placed on a horizontal surface.

(1981- 6 Marks)

TITTTRN

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

(i) 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.

Screen S is illuminated by two point sources 4 and B. Another

source C sends a parallel beam of light towards point P on

the screen (see figure). Line 4P is normal to the screen and
the lines AP, BPand CP are in one plane. The distance AP,

BPand CPare 3m, 1.5m and 1.5 mrespectively. The radiant

powers of sources 4 and B are 90 watts and 180 watts

respectively. The beam from C is of intensity 20 watts/m2.

Calculate the intensity at P on the screen.(1982 - 5 Marks)

10.

11.

B g3

A plano convex lens has a thickness of 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 is
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
centre of the plane face is found to be 25/8 cm. Find the focal
length of the lens. (1984- 6 Marks)

A beam of light consisting of two wavelengths, 6500A and

5200A, is used obtain interference fringes in a Young’s

double slit experiment : (1985 - 6 Marks)

(1) Find the distance of the third bright fringe on the screen
from the central maximum for wavelength 6500A.

(i) What is the least distance from the central maximum
where the bright fringes due to both the wavelengths
coincide?

The distance between the slits is 2 mm and the distance
between the plane of the slits and the screen is
120cm.

Monochromatic light is incident on a plane interface 4B

between two media of refractive indices n, and n, (n,> n,)

at an angle of incidence @ asshown in fig. The angle 9 is

infinitesimally greater than the critical angle for the twomedia

so that total internal reflection takes place. Now if a

transparent slab DEF'G of uniform thickness and of refractive

index n, is introduced on the interface (as shown in the
figure), show that for any value of 7, all light will ultimately
bereflected back again into medium II. Consider separately

the cases (1986 - 6 Marks)
(1) n3<n and @@ n3>n.
MEDIUM 1
(ny)
10 JRRRR R E
+  MEDIUMI
G {n) A
A B

K
[ MEIMLUM I
i (rs]

A right prism is to be made by selecting a proper material
and the angles 4 and B (B < 4) , as shown in Figure. It is

desired that a ray of light incident on the face AB emerges
parallel to the incident direction after two internal reflections.
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12.

13.

14.

e
() What should be the minimum refractive index » for this
to be possible ?

(i) For 5= 3 isit possible to achieve this with the angle

B equal to 30 degrees ? (1987 - 7 Marks)
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

(1988 - 6 Marks)

@ Find the position of the image due to refraction at the first

surface and the position of the final image.
(i) Draw aray diagram showing the positions of both the

images.
In a modified Young’s double slit experiment, a
monochromatic uniform and parallel beam of light of
wavelength 6000 A and intensity (10/ ) W m2 is incident
normally on two circular apertures A and B of radii 0.001 m
and 0.002 m respectively. A perfectly transparent film of
thickness 2000 A and refractive index 1.5 for the wavelength
of 6000 A is placed in front of aperture 4, see fig. Calculate
the power (in watts) received at the focal spot F' of the lens.
The lens is symmetrically placed with respect to the
apertures. Assume that 10% of the power received by each
aperture goes in the original direction and is brought to the
focal spot. (1989 - 8 Mark)

 ——
e
_—
—_—
 ——
E —
_—
_—
—_—
_—
_—
_—
_—

A narrow monochromatic beam of light
of intensity I is incident on a glass plate
as shown in figure. Another identical
glass plate is kept close to the first one
and parallel to it. Each glass plate
reflects 25 per cent of the light incident
on it and transmits the remaining. Find
the ratio of the minimum and the

Glass
plate

maximum intensities in the interference pattern formed by
the two beams obtained after one reflection at each plate.
(1990 - 7 Mark)
Two parallel beams of light Pand Q (separation d) containing
radiations of wavelengths 4000 A and 5000 A (which are
mutually coherent in each wavelength separately) are
incident normally on a prism as shown in fig. Therefractive
index of the prism as a function of wavelength is given by

16.

17.

18.

the relation. p(A) =1.20 + 7% where ), isin A and b is

positive constant. The value of 4 is such that the condition
for total reflection of the face AC is just satisfied for one
wave length and is not satisfied for the other.

A (1991 -2+2+4 Marks)
—Tp—s sinfl= 0.8
d
%& gy®
L] c

51
(a) Find the value of .
(b) Find the deviation of the beams transmitted through
the face AC
(c) A convergent lens is used to bring these transmitted
beams into focus. Ifthe intensities of transmission form
the face AC, are 41 and I respectively, find the resultant
intensity at the focus.
Light is incident at an angle o on one planar end of a
transparent cylindrical rod of refractive index p. Determine
the least value of u so that the light entering the rod does
not emerge from the curved surface of rod irrespective of
the value of o (1992 - 8 Marks)

In Fig., S isa monochromatic point source emitting light of
wavelength A = 500nm. A thin lens of circular shape and
focal length 0.10 m is cut into two identical halves L, and L,
by a plane passing through a diameter. The two halves are
placed symmetrically about the central axis SO with a gap of
0.5 mm. The distance along the axis from Sto L, and L, is
0.15 m while that from L, and L, to O1is 1.30 m. The screen at
O is normal to SO. (1993 - 5+1 Marks)
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(i) Ifthe third intensity maximum occurs at the point A on
the screen, find the distance OA.

(i) Ifthe gap between L, and L, isreduced from its original
value of 0.5mm, will the distance OA4 increase, decrease,
or remain the same?

An image Y is formed of point object X by a lens whose

optic axis is AB as shown in figure. Draw a ray diagram to

locate the lens and its focus. Ifthe image Y of the object X

is formed by a concave mirror (Having the same axis as AB)



19.

20.

21.
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wisiead of lens, draw another ray diagram to locate the mirror

and its focus. Write down the steps of construction of the

ray diagrams. (1994 - 6 Marks)
o X

oY
A ray of light travelling in air is incident at grazing angle
(incident angle =9(0°) on a long rectangular slab of a
transparent medium ofthickness t = 1.0 m (see figure below).
The point of incidence is the origin A(0, 0). The medium has
a variable index of refraction n(y) given by

n(y) = [ky*'? +1]"/2, wherek=1.0 (metre)™'2
ﬂfy
AR Plyaw)
t=1.0m Bix, ¥)
MEDIUM
3 5
AL AlR

The refractive index of air is 1.0. (1995 - 10 Marks)

(a) Obtain a relation between the slope of the trajectory of
theray at a pint B(x, y) in the medium and the incident
angle at that point.

(b) Obtain an equation for the trajectory y(x) of the ray in
the medium.

(c) Determine the coordinates (x;,y;) of the point P,
where the ray intersects the upper surface of the slab-
air boundary.

(d) Indicate the path of the ray subsequently.

Aright angled prism (45° —90°-45°) of refractive index n has

aplate of refractive index n (n, <n) cemented to its diagonal

face. The assembly is in air. Aray is incident on 4B.

B B

(1) Calculate the angle of incidence at AB for which the
ray strikes the diagonal face at the critical angle.

(i) Assuming n=1.352 calculate the angle of incidence at
AB for which the refracted ray passes through the
diagonal face undeviated. (1996 - 3 Marks)

A double-slit apparatus is immersed in a liquid of refractive

index 1.33. It has slit separation of 1mm, and distance

between the plane of slits and screen is 1.33 m. The slits are
illuminated by a parallel beam of light whose wavelength in
airis 6300 A. (1996 - 3 Marks)

(1) Calculate the fringe-width.

(i) One of the slits of the apparatus is covered by a thin
glass sheet of refractive index 1.53. Find the smallest
thickness of the sheet to bring the adjacent minimum
on the axis.

22,

23.

24.

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 planes is 1.8 m.
The magnification of the image formed by one of the half-
lenses is 2. Find the focal-length of the lens and separation
between the two halves. Draw the ray diagram for image
formation. (1996 - 5 Marks)

(@

+ .8 m +

In Young’s experiment, the upper slit is covered by a thin
glass plate of refractive index 1.4 while the lower slit is
covered by another glass plate, having the same thickness
as the first one but having refractive index 1.7. Interference
pattern is observed using light of wavelength 5400 A. It is
found that the point P on the screen where the central
maximum (n = 0) fells before the glass plates were inserted
now has 3/4 the original intensity. It is further observed that
what used to be the fifth maximum earlier, lies below the
point P while the sixth minimum lies above P. Calculate the
thickness of the glass plate. (Absorption of light by glass
plate may be neglected.) (1997 - 5 Marks)
A prism of refractive index n, and another prism of refractive
index n, are stuck together without a gap as shown in Figure.
The angles of the prisms are as shown. n, and n, depend on

A, the wavelength of light, according to

4 1.80 x 10*

n1=1.20+w and ny=145+——"—
A A

where A is in nm. (1998 - 8 Marks)

bl

B

(a) Calculate the wavelength A, for which rays incident at
any angle on the interface BC pass through without
bending at that interface.

(b) For light of wavelength A, find the angle of incidence
i on the face AC such that the deviation produced by
the combination of prisms is minimum.

A coherent parallel beam of microwaves of wavelength A =

0.5 mm falls on a Young’s double slit apparatus. The

separation between the slits is 1.0 mm. The intensity of

microwaves is measured on a screen placed parallel to the
plane of the slits at a distance of 1.0 m from it as shown in

Fig.
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27.

28.

| % d=1.0mm
|
|

(a) Ifthe incident beam falls normally on the double slit
apparatus, find the y-coordinates of all the interference
minima on the screen.

(b) Ifthe incident beam makes an angle of 30° with the x
axis (as in the dotted arrow shown in Figure), find the
y-coordinate of the first minima on either side of the
central maximum. (1998 - 8 Marks)

The Young’s double slit experiment is done in a medium of

refractive index 4/3. A light of 600 nm wavelength is falling

on the slits having 0.45 mm separation. The lower slit S, is
covered by a thin glass sheet of thickness 10.4 um and
refractive index 1.5. The interference pattern is observed on
ascreen placed 1.5 m from the slits as shown in Figure.
(1999 - 10 Marks)

I.thm

b

Screen

(a) Find the location ofthe central maximum (bright fringe
with zero path difference) on the y — axis.

(b) Find the light intensity at point O relative to the
maximum fringe intensity.

(¢) Now,if 600 nm light is replaced by white light of range
400 to 700 nm, find the wavelengths of the light that
form maxima exactly at point O.

[All wavelengths in this problem are for the given
medium of refractive index 4/3. Ignore dispersion]

The x — y plane is the boundary between two transparent

media. Medium —1 with z > 0 has a refractive index v2

and medium —2 with z < () hasa refractive index ﬁ .Aray

of light in medium —1 given by the vector 4 = 6/3i +83 J

—10 k is incident on the plane of separation. Find the unit
vector in the direction of the refracted ray in medium —2.
(1999 - 10 Marks)
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 of mR
from it. Find the value of m for which a ray from P will emerge
parallel to the table as shown in Figure. (1999 - 5 Marks)

29.

30.

31.

|J
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(@) A convex lens of focal length 15 cm and a cancave
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. The distance between
the lens and mirror is 30 cm. An upright object AB of
height 1.2 cm is placed on the optic axis PQ of the lens

at a distance of 20 cm from the lens. If 4'B' is the
image after refraction from the lens and reflection from

the mirror, find the distance of 4'B' from the pole of
the mirror and obtain its magnification. Also locate

position of A' and B' with respect to the optic axis

RS. (2000 - 6 Marks)
/\ A
g, T o
L6 cm B
* B 5
‘_i.- |
3 em Ly 20 cm

(b) A glass plate of refractive index 1.5 is coated with a
thin layer of thickness t and refractive index 1.8. Light
of wavelength A travelling in air is incident normally on
the layer. It is partly reflected at the upper and the
lower surface of the layer and the two reflected rays
interfere. Write the condition for their constructive
interference. If A = 648 nm, obtain the least value of't for
which the rays interfere constructively.

(2000 - 4 Marks)

The refractive indices of the crown glass for blue and red
lights are 1.51 and 1.49 respectively and those of 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 is incident
ata 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. (2001 - 5 Marks)
A vessel ABCD of 10 cm width has two small slits S, and S,
sealed with identical glass plates of equal thickness. The
distance between the slits is 0.8 mm. POQ is the line
perpendicular to the plane AB and passing through O, the
middle point of S, and §,. A monochromatic light source is
keptat S, 40 cm below Pand 2 m from the vessel, to illuminate
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e slits as shown in the figure below. Calculate the position
of the central bright fringe on the other wall CD with respect
to the line OQ. Now, a liquid is poured into the vessel and
filled upto OQ. The central bright fringe is found to be at Q.
Calculate the refractive index of the liquid. (2001-5 Marks)

i

N 2m Hhem

] [

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 is
placed 15 cm above the lens on its principal axis, the object
coincides with its own image. On repeating 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. (2001-5 Marks)

i i i i FEHEE

A point source S emitting light of wavelength 600 nm is
placed at a very small height h above a flat reflecting surface
AB (see figure). The intensity of the reflected light is 36%
of the incident intensity. Interference fringes are observed
on a screen placed parallel to the reflecting surface at a
very large distance D from it. (2002 - 5 Marks)

Screen

|!; :5
A\ Frr7rrr B

(@) What is the shape of the interference fringes on the
screen?

(b) Calculate the ratio of the minimum to the maximum
intensities in the interference fringes formed near the
point P (shown in the figure).

(c) Iftheintensity at point P corresponds to a maximum,
calculate the minimum distance through which the
reflecting surface 4B should be shifted so that the
intensity at P again becomes maximum.

34.

36.

37.

38.

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

(2003 - 2 Marks)

By <l € My

Shown in the figure is a prism of angle 30° and refractive

index Hp = 3 Face AC ofthe prism is covered with a thin

film of refractive index p,=2.2. A monochromatic light of
wavelength A = 550 nm fall on the face 4B at an angle of
incidence of 60°. (2003 - 4 Marks)

A

Calculate

(a) angle of emergence.

(b) minimum value of thickness ¢ so that intensity of

emergent ray is maximum.

A ray is incident on a medium consisting of two boundaries,
one plane and other curved as shown in the figure. The
plane surface makes an angle 60° with horizontal and curved
surface has radius of curvature 0.4 m. The refractive indices
of the medium and its environment are shown in the figure.
Ifafter refraction at both the surfaces the ray meets principle
axis at 2 find OF. {2004 - 2 Marks)

In YDSE a fight containing two wavelengths 500 nm and
700 nm are used. Find the minimum distance where maxima
of two wavelengths coincide. Given D/d = 103, where D is
the distance between the slits and the screen and d is the
distance between the slits. (2004 - 4 Marks)
An object is moving with velocity 0.01 m/s towards a convex
lens of focal length 0.3 m. Find the magnitude of rate of
separation of image from the lens when the object is at a
distance of 0.4 m from the lens. Also calculate the magnitude
of the rate of change of the lateral magnification.

(2004 - 4 Marks)
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39. What will be the minimum angle of incidence such that the
total internal reflection occurs on both the surfaces?

({1 e
(2005 - 2 Marks) 507 60°
A C E
(a) the angle of incidence, so that the emergent ray from
40. Two identical prisms of refractive index /3 are kept as the first prism has minimum deviation.
shown in the figure. A light ray strikes the first prism at face (b) through what angle the prism DCE should be rotated
AB.Find, (2005 - 4 Marks) about C so that the final emergent ray also has
minimum deviation.
F Match the Following
DIRECTIONS (Q. No. 1-4) : Each question contains statements given in two columns, which have to P gQor s t

be matched. The statements in Column-I are labelled A, B, C and D, while the statements in Column-
1l are labelled p, q, r and s. Any given statement in Column-I can have correct matching with ONE OR
MORE statement(s) in Column-II. The appropriate bubbles corresponding to the answers to these

00000
Ol] Ol0)

=z >

questions have to be darkened as illustrated in the following example : c 006)@ @
If'the correct matches are A-p, s and t; B-q and r; C-p and q,; and D-s then the correct darkening of D @@@o ()

bubbles will look like the given.

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

(2006 - 6M)
Column I Column II
(A) Intensity of light received by lens (p) Radius of aperture
(B) Angular magnification (q) Dispersion of lens
(C) Length of telescope (r) Focal length of objective lens and eyepiece lens
(D) Sharpness of image (s) Spherical aberration

2. Anoptical component and an object S placed along its optic axis are given in Column I. The distance between the object and the
component can be varied. The properties of images are given in Column II. Match all the properties of images from Column IT with
the appropriate components given in Column L. Indicate your answer by darkening the appropriate bubbles of the 4 x 4 matrix
given in the ORS. (2008)

Column| Column 1

(p) realimage

(@) virtual image

5

© —e O () magnified image
]

O —= ( (s) image at infinity

3. Column-I shows four situations of standard Young’s double slit arrangement with the screen placed far away from the slits S,
and S,. In each of these cases S,P,=S,P,, S,P,-S,P,=A/4 and S,P,~S,P,= A/3, where Ais the wavelength of the light used. In
the cases B, C and D, a transparent sheet of refractive index x4 and thickness 7 is pasted on slit S,. The thicknesses of the sheets
are different in different cases. The phase difference between the light waves reaching a point P on the screen from the two slits
is denoted by & (P) and the intensity by /(P). Match each situation given in Column-I with the statetment(s) in Column-II valid
for that situation. (2009)
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Column-I Column-II
@ P, () 5@)=0
Sll
1P,
5, 1P.I
®) (u—l)t=},-'45L — " @ 8(P)=0

1

s Py
5, v

© (w-1)r=12 L — 1, ® 1P)=0
S,

PZ:
szh P,
©) (u-1)1=344 | 4{1 5 IP)>1(P)

(O I(P)>I(P))
Two transparent media of refractive indices p, and p; have a solid lens shaped transparent material of refractive index p., between
them as shown in figures in Column II. Aray traversing these media is also shown in the figures. In Column I different relationships
between 1y W, and p; are given. Match them to the ray diagrams shown in Column II. (2010)
Column I Colurn I

T

A) p<mp, ®
B) 1>y, @ i:J
s O S
|
© py=m @® !

|

K
|
) \
3 H
D) uy>ps ) /
Ha Ky
T

by

u;/;
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DIRECTION (Q. No. 5 & 6) Following question has matching lists. The codes for the lists have choices (a), (b), (c) and (d) out of
which ONLY ONE is correct.

5. Arightangled prism of refractive index p; is placed in a rectangular block of refractive index p,, which is surrounded by a medium
of refractive index 15, as shown in the figure. Aray of light 'e' enters the rectangular block at normal incidence. Depending upon
the relationships between p,, p, and p, 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 IT and select the correct answer using the codes given below
the lists: (JEE Adv. 2013)
List 1 List 11
P. e>f L op> V2 10y |7 f
Q e-og 2 py>ppand py> g - L™ .
R e—>h 3 p=p, e = re
S. e—i 4. py<p< \/Epz and p,> py u Y Ny
Codes: ju
P Q R S
@) 2 3 1 4 )
(b) 1 2 4 3 i iy
(c) 4 1 2 3
) 2 3 4 1

6. Four combinations of two thin lenses are given in List-1. The radius of curvature of all curved surfaces is » 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. (JEE Adv. 2014)

List- 1 List-1I
P. % 1 2r
Q , T
’ 2
R n 3. -r
S. % 4. r
Codes:
(a) P-1,Q-2,R-3,S4 (b) P-2,Q-4,R-3,S-1 (©) P4,Q-1,R-2,S-3 d P-2,Q-1,R-3,S4
(el Comprehension Based Questions b d
PASSAGE -1 i |
The figure shows a surface XY separating two transparent media, ) i
medium-1 and medium-2. The line ab and cd represent waveforms X — - h Y
of a light wave travelling in medium-1 and incident on XY. The
lines ef and gh represent wavefronts of the light wave in medium- medium-2

2 after refraction. (2007) cg
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i. Lighttravelsasa
(a) parallel beam in each medium
(b) convergent beam in each medium
(c) divergent beam in each medium
(d) divergent beam in one medium and convergent beam
in the other medium.
2. The phases ofthe light wave at ¢, d, e and fare ¢, ¢, ¢, and
¢, respectively. It is given that ¢, # ¢
(@) ¢, cannot be equal to ¢,
() ,can be equal to ¢,
(©) (dy—b)is equal to (.~ d,)
(d) (dy—b, )15 notequal to(de— )
3. Speedoflight is
(@) thesame in medium-1 and medium-2
(b) larger in medium-1 than in medium-2
(c) larger in medium-2 than in medium-1
(d) differentat bandd.

PASSAGE-2

Most materials have the refractive index, n > 1. So, when a light

ray from air enters a naturally occurring material, then by Snell’s
sin@; n, . .

law, —1 = —2, it is understood that the refracted ray bends
sinf, m

towards the normal. But it never emerges on the same side of the

normal as the incident ray. According to electromagnetism, the

refractive index of the medium is given by the relation, c/

v=+,/e,u,, Where c is the speed of electromagnetic waves in

vacuum, v its speed in the medium, €, and p, are the relative
permittivity and permeability of the medium respectively.

In normal materials, both €, and p,, are positive, implying positive

n for the medium. When both €, and p, are negative, one must
choose the negative root of n. Such negative refractive index
materials can now be artificially prepared and are called meta-
materials. They exhibit significantly different optical behavior,
without violating any physical laws. Since » is negative, it results
in a change in the direction of propagation of the refracted light.
However, similar to normal materials, the frequency of light remains
unchanged upon refraction even in meta-materials. (2012)
4.  Forlight incident from air on a meta-material, the appropriate
ray diagram is

AT i
{b) Meta-material L,

@)

Adr i Adr

© h‘.l{*l.!-m.“m‘i}/'; (d) Meta-material :;_,r\\,j
s} T8

5. Choose the correct statement.
(@) Thespeed of light in the meta-material is v =c|n|

c
(b) Thespeed oflight in the meta-material isv= m

(c) Thespeed of light in the meta-material isv=c.

(d) Thewavelength ofthe light in the meta-material (A,,)
is given by A, = A, |n, where A, is wavelength of the
lightin air.

air

PASSAGE-3

Light guidance in an optical fibre can be understood by considering
a structure comprising of thin solid glass cylinder of refractive
index n, surrounded by a medium of lower refractive index n,.
The light guidance in the structure takes place due to successive
total internal reflections at the interface of the media ,; 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
assini,.

ny>ng

Ar Cladding i

L Coe |
5= iy s W

6.  For two structure namely S, with n, = 45/ 4 and ny,=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) (JEE Adv. 2015)
(@) NA ofS; immersed in water is the same as that of §,

o 16
immersed in a liquid of refractive index 315

(b) NAofS, immersed in liquid of refractive index NG 1s

the same as that of S, immersed in water
(©) NAofS, placed in air is the same as that of S, immersed

4
in liquid of refractive index ﬁ

(d) NAofS, placed in air is the same as that of S, placed in
water

7. If two structure of same cross-sectional area, but different

numerical apertures N4, and NA,(NA, < NA,) are joined

longitudinally, the numerical aperture of the combined

structure is (JEE Adv. 2015)
N4, N4,

@ N4+ N4y (b) NA, +N4,

(© N4, (d) N4,
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H Assertion & Reason Type Questions

STATEMENT-1 (2007)

The formula connecting u, v and f for a spherical mirror is

valid for mirrors whose sizes are very small compared to

their radii of curvature.

because

STATEMENT-2

Laws of reflection are strictly valid for plane surfaces, but

not for large spherical surfaces.

(a) Statement-1 is True, Statement-2 is True; Statement-2
is a correct explanation for Statement-1

(b) Statement-1 is True, Statement-2 is True; Statement-2
is NOT a correct explanation for Statement-1

(c) Statement-1 is True, Statement-2 is False

(d) Statement-1 is False, Statement-2 is True

I Integer Value Correct Type

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

The ratio 2> is (2010)
ms

A large glass slab (u = 5/3) ofthickness 8 cm is placed over

apoint 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? (2010)
Image of an object approaching a convex mirror of radius of
curvature 20 m along its optical axis is observed to move

25 50
from?m to7 m in 30 seconds. What is the speed of the

object in km per hour? (2010)

Water (with refractive index = g) in atank is 18 cm deep. Oil

. 7 .. .
of refractive index 2 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 ‘S’ 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 (2011)
eS

F'=5\=,“1_§hi=1.n
i

1

§|J.=41|'3

A Young's double slit interference arrangement with shits 5,

- . . 4
and S, is immersed in water (refractive index = 3 ) as shown

in the figure. The positions of maximum on the surface of
water are given by x2 = p?m?A2 — 42, where A is the
wavelength of light in air (refractive index = 1), 2d is the
separation between the slits and m is an integer. The value
of pis (JEE Adv. 2015)

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 cm from the mirror. Its
erect image formed by this combination has magnification
M. When the set-up iskept in a medium of refractive index

1

7 e . .
—, the magnification becomes M,. The magnitude is

6
{

15em

/\ {JEE Adv. 2015)

rd

A

50cm

The 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 6(n) with the normal
de

(see the figure). For n= /3 the value of @ is 60° and oo™

The value of m is (JEE Adv. 2015)
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il Section-B

1.

10.

An astronomical telescope has a large aperture to
(a) reduce spherical aberration

(b) have high resolution

(c) increase span of observation

(d) have low dispersion.

Iftwo mirrors are kept at 60° to each other, then the number

[2002]

of images formed by them is [2002]
@ 5 () 6 ©7 d) 8

Electromagnetic waves are transverse in nature is evident
by [2002]

(@) polarization (b) interference
(c) reflection (d) diffraction
Wavelength of light used in an optical instrument are

A, =4000A and A, =5000A , then ratio of their

respective resolving powers (corresponding to A and A, )

1S [2002]
@ 16:25 () 9:1 (c)4:5 (d)5:4.

Which of the following is used in optical fibres?

(a) total internal reflection [2002]
(b) scattering

(c) diffraction

(d) refraction.

Consider telecommunication through optical fibres.
Which of the following statements is not true? [2003]

(@) Optical fibres can be of graded refractive index

(b) Optical fibres are subject to electromagnetic
interference from outside

(c) Optical fibres have extremely low transmission loss

(d) Optical fibres may have homogeneous core with a
suitable cladding.

To demonstrate the phenomenon of interference, we require

two sources which emit radiation [2003]

(@) ofnearly the same frequency

(b) of the same frequency

(c) ofdifferent wavelengths

(d) of the same frequency and having a definite phase

relationship
The image formed by an objective of a compound
microscope is [2003]

(a) virtual and diminished

(b) real and diminished

(c) realand enlarged

(d) virtual and enlarged

To get three images of a single object, one should have two
plane mirrors at an angle of [2003]
(@ 60° (b)) A (c) 120° d 30°
Alight ray is incident perpendicularly to one face of a 90°
prism and is totally internally reflected at the glass-air
interface. If the angle of reflection is 45°, we conclude that

the refractive index n 12004]
v L }
(@ \/5 - o
® n>2 ol
- \d.,’r"f:

-

1
© "<
d n<2

45"

11.

12.

13.

14.

16.

17.

18.

19.

A plano convex lens of refractive index 1.5 and radius of
curvature 30 cm. Is silvered at the curved surface. Now this
lens has been used to form the image of an object. At what
distance from this lens an object be placed in order to have a

real image of size of the object 12004]
(@ 60cm (b) 30cm
(¢) 20cm (d) 80cm

The angle of incidence at which reflected light is totally
polarized for reflection from air to glass (refractive index n),
is 12004]

@ tan"'(1/n) (b) sin”'(1/n)

(©) sin'l(n) (d) tan_l(n)

The maximum number of possible interference maxima for

slit-separation equal to twice the wavelength in Young’s

double-slit experiment is 12004]

(a) three (b) five

(c) infinite (d) zero

An electromagnetic wave of frequency v=3.0 MHz

passes from vacuum into a dielectric medium with

permittivity e= 4.0 . Then 12004]

(@) wave length is halved and frequency remains
unchanged

(b) wave length is doubled and frequency becomes half

(c) wave length is doubled and the frequency remains
unchanged

(d) wave length and frequency both remain unchanged.

A fish looking up through the water sees the outside world

contained in a circular horizon. If the refractive index of

water is %and the fish is 12 cm below the surface, the

radius of this circle in cm is 12005]
36
@ = ® 367 © 45 (@ 365

Two point white dots are 1 mm apart on a black paper. They
are viewed by eye of pupil diameter 3 mm. Approximately,
what is the maximum distance at which these dots can be
resolved by the eye? [ Take wavelength of light = 500 nm]

@ 1m (b) Sm 12005]

(¢) 3m (d 6m

A thin glass (refractive index 1.5) lens has optical power of

—5 Din air. Its optical power in a liquid medium with refractive

index 1.6 will be 12005]

(@ -1D (b) 1D (c) -25D () 25D

A Young’s double slit experiment uses a monochromatic

source. The shape of the interference fringes formed on a

screen is 12005]

(a) circle (b) hyperbola

(c) parabola (d) straightline

If 1 is the intensity of the principal maximum in the single

slit diffraction pattern, then what will be its intensity when
the slit width is doubled? 12005]

Iy
(b) 21, ) —

@ Iy
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20.

21.

22.

23.

24.

When an unpolarized light of intensity /;is incident on a
polarizing sheet, the intensity of the light which does not

get transmitted is [2005]
1 1
(@) ;Ilo () 3510 () Iy (d) zero

The refractive index of a glass is 1.520 for red light and 1.525
for blue light. Let D, and D, be angles of minimum deviation
for red and blue light respectively in a prism of this glass.
Then, [2006]
(@ D, <D,
(b) D,=D,
() D canbelessthan or greater than D, depending upon
the angle of prism
(d) D,>D,
In a Young’s double slit experiment the intensity at a point

where the path difference is % (A being the wavelength of

. . . . N A
light used) is 1. If I, denotes the maximum intensity, I 1s

0
equal to [2007]
3 1 V3 1
(@) 2 @)JE () — @)5

Two lenses of power —15 D and +5 D are in contact with
each other. The focal length of the combination is
(@ +10cm (b) -20cm

(¢) —10cm (d +20cm

In an experiment, electrons are made to pass through a narrow
slit of width ‘d” comparable to their de Broglie wavelength.
They are detected on a screen at a distance ‘D’ from the slit
(see figure).

[2007]

{

1 l_d

et
Il
(=}

vivivivis
YIVivly

AT

I |
LI
Which of the following graphs can be expected to represent
the number of electrons ‘N’ detected as a function of the

detector position ‘y’(y = 0 corresponds to the middle of the

slit) 2008]
y y

@ O N _E
v !

© ne—C—] @ » Jo

26.

27.

28.

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

[2008]
vicm)
(@ / ®) k
O wlem) u |

uem|
vicm) \

vicim)

1f‘}l ugem)

An experment is performed to find the refractive index of

glass using a travelling microscope. In this experiment

distances are measured by 12008]

(@) a vernier scale provided on the microscope

(b) a standard laboratory scale

(c) ameter scale provided on the microscope

(d) a screw gauge provided on the microscope

A mixture of light, consisting of wavelength 590 nm and an

unknown wavelength, illuminates Young’s double slit and

gives rise to two overlapping interference patterns on the

screen. The central maximum of both lights coincide. Further,

it is observed that the third bright fringe of known light

coincides with the 4th bright fringe of the unknown light.

From this data, the wavelength of the unknown light is:
12009]

(@) 885.0nm (b) 442.5nm

(c) 776.8nm (d) 3934nm

A transparent solid cylindrical rod has a refractive index of

i. It is surrounded by air. A light ray is incident at the

3

mid-point of one end of the rod as shown in the figure.

The incident angle 6 for which the light ray grazes along the

wall of therod is : 12009]
sin”! (i\]
NG}

@ s (V4] ®)
(1)

L 1
() sin l(fJ @
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I an optics experiment, with the position of the object fixed,
a student varies the position of a convex lens and for each
position, the screen is adjusted to get a clear image of the
object. A graph between the object distance u and the image
distance v, from the lens, is plotted using the same scale for
the two axes. A straight line passing through the origin and
making an angle of 45° with the x-axis meets the experimental
curve at P. The coordinates of P will be : 12009]

@ (éé} b FH  © (4£4) @ (242

DIRECTIONS : Questions number 30-32 are based on the
Jfollowing paragraph.

An initially parallel cylindrical beam travels in a medium of
refractive index p () =p, + U, I, where p, and u, are positive
constants and 1 is the intensity of the light beam. The intensity of
the beam is decreasing with increasing radius.

30.

31.

32.

33.

34.

As the beam enters the medium , it will
(a) diverge

(b) converge

(c) diverge near the axis and converge near the periphery

[2010]

(d) travel as a cylindrical beam

The initial shape of the wavefront of the beam is
(a) convex

(b) concave

(c) convex near the axis and concave near the periphery
(d) planar

The speed of light in the medium is
(a) minimum on the axis of the beam
(b) the same everywhere in the beam

[2010]

[2010]

(c) directly proportional to the intensity /

(d) maximum on the axis of the beam

Let the x-z plane be the boundary between two transparent
media. Medium 1 in z > 0 has a refractive index of v2 and
medium 2 with z < 0 has a refractive index of V3 . A ray of
light in medium 1 given by the vector 4 = 6/3i +8+3j — 10k
is incident on the plane of separation. The angle of refraction
in medium 2 is: [2011]
(@) 45° (b) 60° (c) 75° d) 30°

This question has a paragraph followed by two statements,
Statement — 1 and Statement — 2. Of the given four
alternatives after the statements, choose the one that
describes the statements.

A thin air film is formed by putting the convex surface of a
plane-convex lens over a plane glass plate. With
monochromatic light, this film gives an interference pattern
due to light reflected from the top (convex) surface and the
bottom (glass plate) surface of the film. [2011]
Statement — 1 : When light reflects from the air-glass plate
interface, the reflected wave suffers a phase change of w.

Statement — 2 : The centre of the interference pattern is
dark.

36.

37.

38.

39.

(@) Statement— 1 is true, Statement — 2 is true, Statement —
2 isthe correct explanation of Statement — 1.

(b) Statement— 1 is true, Statement — 2 is true, Statement —
2 is not the correct explanation of Statement — 1.

(c) Statement—1 is false, Statement— 2 is true.
(d) Statement-—1 is true, Statement — 2 is false.

A car is fitted with a convex side-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 15 m/s. The speed of the
image of the second car as seen in the mirror of the first one
is: 12011]

(a) %m/s (b) 10m/s (¢) 15Sm/s (d) %m/s

An electromagnetic wave in vacuum has the electric and
magnetic field E and B, which are always perpendicular to
each other. The direction of polarization is given by X and

that of wave propagation by j . Then [2012]

@ X || Band k|| BxE
(b) X || E and k || ExB
© XI|lBand k|l ExB

(@ X || E andk || BxE

In Young's double slit experiment, one of the slit is wider
than other, so that amplitude of the light from one slit is
double of that from other slit. IfI | be the maximum intensity,
the resultant intensity I when they interfere at phase

difference ¢ is given by : 12012]
(a) %”(4+5cos d) (b) I?m(l+2cos2 %)
(©) %”(1 +4cos? %) (d) %”(1 +8cos? %)

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

(@ 72m (b) 24m
(© 32m (d 56m
Diameter of a plano-convex lens is 6 cm and thickness at

the centre is 3 mm. If speed of light in material of lens is
2x 108 m/s, the focal length of the lens is

[JEE Main 2013]

(@) 15cm (b) 20cm (¢) 30cm (d) 10cm
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40.

41.

42.

43.

Abeam of unpolarised light of intensity I, is passed through

a polaroidAand then through another polaroid B which is

oriented so that its principal plane makes an angle of 45°

relative to that of A. The intensity of the emergent light is
|JEE Main 2013]

@@ I (b) Iy2

() Iy4 (d I8

Two coherent point sources S; and S, are separated by a

small distance 'd' as shown. The fringes obtained on the

screen will be |JEE Main 2013]
«d»
S % Screen
€ (B

(a) points (b) straight lines

(c) semi-circles (d) concentric circles
The graph between angle of deviation (3) and angle of
incidence (i) for a triangular prism is represented by
|[JEE Main 2013]

B o

@ | ® 1
" . 2 0 : :
A fi]

© 1 @ 1

4]

a

L 4

- 1—

3
A thin convex lens made from crown glass (H = EJ has focal

length f. When it is measured in two different liquids having

4 5
refractive indices = and 3 it has the focal lengths f; and f,

3
respectively. The correct relation between the focal lengths
is: |JEE Main 2014]
(@ f,=f,<f

(b) f, > fand £, becomes negative
() f,>fand f; becomes negative
(d) f; and £, both become negative

44.

46.

47.

48.

A green light is incident from the water to the air - water
interface at the critical angle (). Select the correct statement.
JJEE Main 2014]
(a) The entire spectrum of visible light will come out of the
water at an angle of 90° to the normal.
The spectrum of visible light whose frequency is less
than that of green light will come out to the air medium.
(c) The spectrum of visible light whose frequency is more
than that of green light will come out to the air medium.
The entire spectrum of visible light will come out of the
water at various angles to the normal.

(b)

(@

. Two beams, A and B, of plane polarized light with mutually

perpendicular planes of polarization are seen through a
polaroid. From the position when the beam A has maximum
intensity (and beam B has zero intensity), a rotation of polaroid
through 30° makes the two beams appear equally bright. If
the initial intensities of the two beams are I, and Iy

A
respectively, then g equals: ]JEE Main 2014]
3 ® >
@ >
1 d !
© @ 3

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

at 500 nm wavelength is : [JEE Main 2015]
(@ 100pm (b) 300pm
(¢) Tpm (d) 30pm

On a hot summer night, the refractive index of air is smallest
near the ground and increases with height from the ground.
When a light beam is directed horizontally, the Huygens'
principle leads us to conclude that as it travels, the light
beam : JJEE Main 2015]
(a) bends downwards

(b) bends upwards

(c) becomes narrower

(d) goes horizontally without any deflection
Monochromatic light is incident on a glass prism of angle A.
Iftherefractive index of the material of the prism is p, a ray,
incident at an angle 0, on the face AB would get transmitted
through the face AC of the prism provided : |JEE Main 2015]




49.

(@) 0> cos™! psm A+sm1 lﬂ
u

psm A+sin”

(b) 6<cos” [

(c) 6> sin”! l:p sin (A —sin~! [ljjl
u

d o< sin”! {p sin[A —sin”! [lﬂ
u

The box of a pin hole camera, of length L, has a hole of
radius a. It is assumed that when the hole is illuminated by
a parallel beam of light of wavelength A the spread of the
spot (obtained on the opposite wall of the camera) is the
sum of its geometrical spread and the spread due to
diffraction. The spot would then have its minimum size (say

b)) When: [JEE Main 2016
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(@ a=+ALandb;, =v4AL

2

(b) a= %and brin = V4L L

A2 202
(C) a= Tand bmin = [TJ

202
@ 2= Alandb,;, ={TJ

An observer looks at a distant tree of height 10 m with a
telescope of magnifying power of 20. To the observer the

tree appears : |JEE Main 2016]
(@) 20times taller (b) 20 times nearer
(¢) 10times taller (d) 10 times nearer

In an experiment for determination of refractive index of glass
ofa prism byi— &, plot it was found thata ray incident at
angle 35°, suffers a deviation of 40° and that it emerges at
angle 79°. In that case which of the following is closest to
the maximum possible value of the refractive index?

|JEE Main 2016]
(@ 17 (b) 18
() 15 d 16
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SOLUTIONS

Section-A : JEE Advanced/ lIT-JEE

. (©

2x108m/s,0.4x 10 m 2. d=+l5ecm 3. 4000A,5x 10MHz 4. 2

60cm 6. 275 7. 30cm 8 15 9. zero 10. smaller

e 12. 5x 10"Hz, 4000A 13. 0.125m,05m 14. 15°

m . 5x , . 0. . .

T 2. T 3. F 4. T 5. T 6. F 70T
© 2. (@ 3. @@ 4 (@ 5. (© 6. (© 7. (@
© 9. (¢ 10. (a) 11. (¢) 12. (¢) 13. (@) 14. (d)
@) 16. (d) 17. (d) 18. (b) 19. (a) 20. (2) 21. (o)

. ) 23. (b) 24. (d) 25. (o) 26. (b) 27. (©) 28. (2
®) 30. (b) 31. (b) 32. () 33. (0 34. () 35. (d)
© 37. @ 38. (0 39. (2 40. () 41. (b) 2. ©
®) 4. () 45. (o) 46. (a) 47. () 48. (©) 49. (b)

. © 51. (b) 52. (d) 53. (a) 54. (b) 55. (0) 56. (a)
(b, d) 2. (@ 3. (a0 4. (b,d) 5 @ 6 @

(@ 8. (0 9. (ab,cd 10. () 11. (b,c) 12. (b)
( d) 14. (d 15. (d) 16. (2) 17. (a,b) 18. (c,d) 19. (a,b,c)
(a,c) 21. (ab,c) 22. (b) 23. (a,d) 24. (ac,d) 25. (b,d)
11cm Real 2. 1732 3. 141 4 p<p, 5 76lem 6. ()15em (i) L.15cm
139 8. 75cm 9. (i)1.17x102m, (i) 1.56 x 10°m 1. () 2 (i) No
(i) -6 mm,—5 mm 13. 7x10°W 14 4—19 15. (a)0.8x 10*m? (b)27.2° (c) 9/
d x)*
2 17. (i) 102 m (ii) increase 19. (@) Ey=coti ) y=k* (Z) (¢) (4m, 1m)
@) sin™! [%{ n* —n} —nlﬂ (i) 72.94°
3

@) 63x10*m (ii)1.575 % 10%m 22. 04m06m 23. 93x10%m 24. (a)600nm (b)sin~! (Z)
(a) £026m,£1.13m (b) 1.13m, 026 m

1 ~ A n 4
(a)4.33x 103 m (b) 0.75 (¢) 0.65 x 10 m, 0.433 x 10 m 27. m[3z+4j—5k] 28 3

1
@ 15cm, - (b) 90nm 30. 4°,-0.04° 31. 2cm, 1.0016 32. 16  33. (a)circular (b) 1/16(c) 300nm

H3R

R 35. (a)zero (b) 125nm 36. 6.056m 37. 35mm 38. 0.09m/sec,0.35s7!

37H

60° 40. (a) 60°, (b) 60°, anticlockwise

A_p’ B_r; C_r; D-ps q: S 2' A-p’ q’ L, S; B_q; C_p, q, L, S; D_ps q’ LS 3' A-p’ S; B-q; C_t; D-r; S, t
A-p3 r; B-qa S> t; C-p’ ra t: D-q’ S 5' (d) 6' (b)

@) 2 © 3. () 4 © 5. (b 6. (a0 7. @

©

6 2. 6 3. 3 4. 2 5. 3 6. 7 7. 2



For coherent sources, for constructive interference

The amplitude at the mid point=4 + 4=24

= 1< (24)* =1, x4, )
NOTE : For incoherent sources, the intensity add up
normally (no interference).
Therefore, the total intensity 1, =2I,
From (i) and (i1)

L _ 4l _
L, 20,

...(i)

_gH 2_1.125

mh 4/3

[Lensmaker's formula]

1 (1 1)

Ray and Wave Optics &
Section=B : JEE Main/ AIEEE
1. (b 1. (a) 3. (@ 4. (d) 5 (&) 6. (b) 7. (d) 8 o
9. (b 10. (b} 1. ic) 12. (d) 13. (b) 14. (a) 15. (a) 16. (b)
17. (b} 18. (d) 19. (a) 20. (b} 21. (a) 22, (a) 23. (c) 24, (d)
25, (c) 26. (a) 27. (b} 28. (o) 29, (d) 30. (b) 3. {d) 32 (a)
33. (@) 3. (b) 35. (a) 36. (b) 37. (d) 38. (d) 39. (c) 40. (c)
41. (d) 42. (c) 43. (b) 44. (b) 45. (d} 46. (d) 47. (b} 48. (c)
49, (a) S0, (k) 51. (c)
N=To oL . JEE @dvanced/ HIT-)EE
A. Fill in the Blanks (1 1)
3x108 and 7_(1 125- l)k___J
v, =2 =2x10%m/s; 2
1.5 On dividing we get
v, 2x10® 6 £ 15-1 05 ~
M=—2="""_-04%x10"m = ~— = Sf,=60cm
25 T a0 15 1.125-1 0.125
L4 |
Parallcl N 5
beam "
: But 7o iz = N 2 (i)
& r 12 14|
From (i) and (ii),
5 Cm —# i —_ rl = é
L 20 cm » A2 - H - 9
From the diagram it is clear that the focus of both thelenses 7.  For refraction at APB
should coincide as shown in the diagram. By BB
Therefore d=15 cm. B ? N A W R
KEY CONCEPT : u v R
a. _ Speedof lightinmedl _ VA, k_a N —_2+l= 1-2 o y=—30cm
™" Speedof lightinmed2 VA,, A, =15 v -10 )
3 = Image of O will be formed at 30 cm to the right at P.
[ v does not change with the medium] 8.  Sincethe image formed is real and elongated, the situation
A 6000 is as shown in the figure. Since the image of B is formed at B'
}“m = a_a 1 5 4000A itself
mk :
8
azc—“=&=5x1014Hz j/ A
Ay 6000x10710 FrAES=

I A I
-+
113

~. B is situated at the centre of curvature that is at a
distance at 2f from the pole.

S_5f
PA=2f-2 =21
4 3 3
Let us find the image of 4. For point 4, u = ——f,v =?
. 1 1 1 1
Applying, —+—-=— = —— 4 -=—
Pp 7 ey
3
= l:—L—f-i = v=-2.5f
v S 5f



10.

11.

12.

13.

14.
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@
Image length=2.5 f-2/=0.5f
Magnification = 05f _ 15 1.
/13
Sin(“ﬁm) i 60+m
p=——~ 2 /5 2 2.
sin 4/2 sin 60/2
60+8m =450 = 8m=300

= The condition is for minium deviation. In this case the

ray inside the prism becomes parallel to base. Thereforethe 3.

angle made by the ray inside the prism with the base of the
prism is zero.

KEY CONCEPT :The resolving power of a microscope
device is inversely proportional to the wavelength used.
= The resolving power of an electron microscope is
higher than that of an optical microscope because the
wavelength of electrons is smaller than the wavelength of
visible light.

1
VHogo

and the velocity of light in a medium v =

Velocity of light in vacuum ¢ =

_ Velocity lightin vacuum _¢ 1/ VMoo _ e

~ Velocitylightin medium ~ v 1/ e ey
Frequency remains the same

8
30 s 0ME,

C
A 6000x10710

f=

P +P,=10m™!

P|+P,—(025)P,Py=6m~! 6.

From these two expressions, we get
P, P,=16m™2

R-P=\(R+B) -4RA,

=072 -40167") = 6m™!

Py=8m~!and P,=2m"!, Hence
2 1
h =l=lm= 0.125mand f, =—=-m=0.5m
B 8 B 2
Using Snell's law for the refraction at AC, we get
pusini=(1)sinr
V25in30° =sinr = r=45°
Angle of deviation at face AC

=45°-30°=15° | L

1
Jue 4.

B. True/ False

This is due to atmospheric refraction. The light coming from
sun bends towards the normal. Therefore, sun appears
higher.

KEY CONCEPT : Formula for intensity of a line source of
power (P) at a distance » from the source is

_ P
 2mrl
The image formed by the convex lens at the focus of the

concave lens. Therefore I will act as a virtual object for
concave lens and angle will be formed at infinity.

[«—0.75m — [«-0.25m —»|

NOTE : For the light to split, the material through which the
light passes should have refractive index greater than 1.
Since the prism is hollow, we get no spectrum. The thickness
of glass slabs through which the prism is made can be
neglected.

When the two slits of Young's double slit experiment are
illuminated by two different sodium lamps, then the sources
are not coherent and hence sustained interference pattern
will not be achieved. It will change so quickly that there will
be general illumination and hence interference pattern will
not be observed .

In Young's double slit experiment if source is of white light
than the central fringe is white with coloured fringes on
either side.

1 1 1
—_= 4 —
F h 5
1 1 1 —2+1
= == = F=-30cm.

F 15730 30
This combination behaves as a concave lens of focal length
30cm.
Since F, <F,.

One sees coloured pattern with violet colour at the
outer edge.

C. MCQs with ONE Correct Answer

(a) NOTE:
When the ray enters a glass slab from air, its frequency
remains unchanged.
Since glass slab in an optically denser medium, the
velocity of light decreases and therefore we can
conclude that the wavelength decreases.
(o v=VA)

(@ Thephenomenon oftotal internal reflection takes place
during reflection at P.



Ray and Wave Optics

sin© =L

" 0
/
e} u) m
=
T A
dh 15 18
w :g_:'_: . ]nG:—:—
Now, gu="g-=73- 1125 . smO=rre=g

w

8
sin 0 should be greater than —.

9
A2D) _ AD
. ' =4—=4
3. @ B=—,B'= 12 7 B
(1) .
4. (@ C=Sin LI_J ..... (1)
21
Applying Snell's law at P, we get
1 sinr'  sin(90-r) )
W=—-= - [ci=rr'+r=90°]
2 sini sinr
1 cosr .
My ..(i1)
From (i) and (ii)

C=sin~! (tanr)
Let/,=Iand I, =41

Tmax =(\/E+\/E)2=(\/7+«/ﬂ)2=(3\/7)2=
m=(\/Z—\/E)2=(\/7_\/H)2=1

Spherical aberration occurs due to the inability of a
lens to converge marginal rays of the same wavelength
to the focus as it converges the paraxial rays. This can
be done by using a circular annular mask over the lens.
The distance between the first dark fringe on either
side of the central maximum = width of central maximum

2D\ 2x2x600x107°
Ca 107

=24x10"3m=24mm

Applying Snell's law at P,

_ sinr
sin30°

sinr = ﬂ =0.72
2

§ =r-30°=sin-1(0.72) - 30°
The rays make an angle of
28 =2 [sin ~1(0.72)- 30 °] with each other.

9.

10.

11.

12.

(c) NOTE : A convex mirror and a concave lens always
produce virtual image.
Therefore, option (b) and (d) are not correct. The image
by a convex lens is diminished when the object is placed
beyond 2f.
Let u=2f+x
N S | 1 1 1
Using e
f v —-Q2f+x) f
1 2f+x—f_ (f+x)
S@2f +x)

v f 2f+x

But u+v=1(given)

TS
s+

SQ2f+x)

@f+x)+

2
f :| <1 M <1
f+x f+x
= (2f+x)*<f+x. The above is true for /< 0.25 m.
(@ Heref,=2cmandf,=3cm.
Using lens formula for eye piece
-1 1 1
= —+—== = y,=-3cm
u, o 3
But the distance between objective and eye piece is
15 cm (given)
Distance of image formed by the objective
=y=15-3=12cm.
Let u be the object distance from objective, then for
objective lens

2f+x{1+

11 1 -1 1 1
—t—=—0or —+—=—

u v S u 12 2
L R NS S I ¥ B R
u 2 12 12° 5

(c) Path difference between the opposite edges is A.
For a phase difference of 21 we get a path diff. of A.
(c) We know that

10)=1, cos? gwhere8= 2nd tan§

1(8) = I cos’ (nd tane) =1Ijco 2 [M}

3x10%/10°

=1 cos? (% tan 9)

dr2
dr2




13.

14.

15.

16.

17.

@)

@

@)

@

@

o
—20°- — 2| —
For 6 =30°;1(8)=1, cos [2\/3]

For §=90°;1(8) =1, cos? ()
For 6=0°

10)=1,
1(0) is not constant.
Alternatively, when 6 is zero the path difference
between wave originating from S, and that from S, will
be zero. This corresponds to a maxima.

1 gh_ 1S

)(1
&) Now’g”_mp 175

1 _(m
e
For concave lens as shown in figure in this case

R;=—RandR,=+R

BN/, - A
e TR
~ MEDIUM
..... mh
i—(ﬁ—lj(—l—lj— 0.25x2
F \1.75 R R 1.75R
= f=+35R

NOTE : The positive sign shows that the lens behaves
as convergent lens.
For diffraction pattern to be observed, the dimension
of slit should be comparable to the wave length of
rays. The wavelength of X-rays (1 — 100 A) is less than
0.6mm.
Locus of equal path difference are lines running parallel
to axis of the cylinder. Hence straight fringes will be
observed.

a1 1)

1 _(p

f L“l JLRl R2 M T

If u, > p,, the concave lens

maintains its nature otherwise the

nature of the lens will be

reversed.

So, the lens should be filled with L, and immerse in L.
From the ray diagram.

In AANM and AADB

ZLADB= ZANM=90°

ZMAN= /BAN (laws of reflection)

Also ZBAN=/ABD = /MAN=/ABD
AANM is similar to AADB

18.

19.

20.

21.

22.

)

or

©

)
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x _d/2
2L L
So, required distance =d+d+d = 3d.

or x=d

:".E:
%f

The incident and emergent ray of a glass slab are
parallel therefore, the angle remains the same.

See figure. The ray will come out from CD ifit suffers
total internal reflection at surface AD, i.e., it strikes the
surface AD at critical angle C ( the limiting case).

A
0
oy
B (
Applying Snell's law at P
ny sin C=n, or sinC="2
m

Applying Snell's law at O
n, sin o= n; cos C

n { 1(’1 }
= sino _—COS sin L
n

3

)

=sin”! M n- 2\
a=s L2 cos{s L H

When slits are of equal width.
x % (@+a)’ (=4d%

Lo (a—a) (=0)

When one slit's width is twice that of other

L w_a w_d

L W, p? W

= b=+2a

<@+ V2a )2 =(580?

Iyin (V20 —a)*=(=0.17d?)
NOTE : The intermediate image in compound
microscope is real, inverted and magnified.

I=1,+1, 42|} |JI; cos ¢ (1)

Applying eq. (1) when phase difference is 7/2
Ly=1+4 = I ,=5]

Again applying eq. (1) when d phase difference is &
I, = I +41 + 214l cosm
Inz I R 1 /2 _ITC =4I

T
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23. (b
24. (d)
25. (c¢)

26. ()

12D _kApD - 12x600 _ o
d d ’ 77 400
Applying Snell's law at P,
1. sin i _H
2 sinfi W -0
M, by ™ ™
F 'I.E i
R By
/‘}/ e
1 )
Applying Snell's law at Q,
2 sinp M
30 sin 6] [2%) .(2)
Again applying Snell's law at R
3. _sinn _ py
M4 = Sini 13 ~(3)

Multiplying (1), (ii) and (iii), we get

Ha =1y
NOTE : Ifthe emergent ray is parallel to incident ray
after travelling a number of parallel interfaces then the
refractive index of the first and the last medium is always

same.
5
"
There will be no refraction from Pto Q and then from Q

to R (all being identical). Hence the ray will now have
the same deviation.

For the image of point P to be seen by the observer, it
should be formed at point Q.
In AQNS,
NS=0S=2h
ZNQS=45°
r=45° |
Now in AQMA, :
£ZMQA=45°
MA=0A=h
1 _sinr _sin45°

2 sin i sini

In A PMB,

27.

28.

29.

30.

©)

o)

o)

PM? = 412 + h? = 5h?

.. h 1 ..

sini =—=—=— (i

NN ®
From (i) and (i)
o 2
M3

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

Path difference = (u—1) t=nA;

Forminimum ¢, n=1; .. t=2A

23

Maximum number of reflection = =X
x

wherex=0.2 tan 30° = 0.2/ V3.

PP AT e r T r S rrrryiy

InA OPM, OP = d
cos 0
d cos20
In ACOP, OC = 252
cos0

7] M
(})‘J‘J}E!J—'Er'ff)')'x'f v
: ™

LEL B

Path difference between the two rays reaching P is

_COvopsk 42 d_ 3
2 cosO cos® 2

d A A
=——(c0os20+1)+— =2dcosO+—
cos0 2 2
For constructive interference, path difference should

be nA
(2n-H A
4 d

2dc059+%= nh = cosO=

F =1 cosG—l
orn=1, ad



() Convex lens forms the image at /. /, is at the second ~ 36.

focus of convex lens. Size of /; =2 cm.
I, acts as virtual object for concave lens. Concave lens
forms the image of /; and 1.

I—

*)71
——

26 cm

L 30 cm o
~ -1

For concave lens,
1 1 1 1 1 1 4 1

—— or ——t—=—==
v 4 20 v 20 4 20 5
or v=>5 cm = Distance of I, from concave lens.

. ) v size of image 5
Magnification = — = —g =—
u size of object 4

7 of i
or size 0 21mage 125

or size of image due to concave lens=2.5 cm

Mg SINE = W sIN90°

. 1 1
KEY CONCEPT :sinC = —andpocx
u

sin C oc A
For higher value of A, the angle C also increases

[}
. |
A increases 1
]
1

v

Air
{Green light)

ol
=

561 2
Glass i
NOTE : For minimum deviation, incident angle is equal
to emerging angle and QR is parallel to base.
At the area of total darkness minima will occur for both
the wavelengths.

2n+1 2m+1
( ”2 Ja =t ’”2 )y = @n+ DA, =(2m+1)A,
(2n+1) 560 7
2m+1) 400 5

by inspection for m =2, n=3 and for m=7,n=10, the
distance between them will be the distance between
such points.

_ Dy, {(2;12 +1)—(2m +1)}

r 10n=14m+2

As
d 2

put n,=10,n,=3
On solving we get, As=28mm.
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NOTE : Frequency does not change with change of
medium.

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
backwards, the image will be formed at the centre only.

A

2 tdsin O

I .
max _p cos? (ndsmO)

4 A
ndsin® 1 ndsin® =
0S == . ==
A 2 A 3
0 =sin”! (A)
3d
Al_2
| f21 3
S - focal length of convex lens.
1 1 1 1 1 2

— —— — :> —_— i ————

Soh f 30 fi 34

f;=10cm, f,=-15cm

The image /' for first refraction (i.e., when the ray comes

out of liquid) is at a depth of

= % =25cm [ Apparent depth =
1.

Now, reflection will occur at concave mirror. For this /'
behaves as an object.
u=—(15+25)=-40cm

and v= —[15+£
1.33

Realdepth }

25
Where — is the real depth of the image.

1.33
Using mirror formula we get
1. 1.1
AL f=-1831cm
The focal length fof the equivalent mirror is
12 1 2 1 15

—_—=—t—=— _ 2
f fl fm 15 o :>f—2cm

Since fhas a positive value, the combination behaves
as a converging mirror.

Here u=-20cm, f=—1?5cm, v="2
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1 1 1
According to mirror formula 5 + —==

f

1 1 1
= >
v =20 -15/2
Negative sign indicates that the image is 12 cm in front
of mirror.
We know that in case of a convex lens when object is
placed at C', the image is obtained at C. This situation
is represented in the graph by the point corresponding
tou=-10cm, v=10cm.

v=—12cm

42. (©

Therefore R=10cm = g: S5cm=f

uem 31 _‘Eﬂ E:fJ i_ﬂ (-9, +9)
Lens formula is
L W R -
f v u f2 v2 uz
(for maximum error in f)
Y _ 0L, Ol (su=av=0.1 from graph)

= Af=25x0.1x2x0.01=0.05
Therefore, the focal length =(5.00 +0.05) cm.

43. () Fromthe figurein AABC, tan3 = %

= AB=ACtan B,2r=ftanp
= Area of image = nr2oc f2

Parallel

Rays from

object placed
at infinity

=]

Biconvex lens

Image formed

on focal plane

44. (b) Asshown in the figure, when the object (4) is placed
between F and C, the image (/) is formed beyond C. It
is in this condition that when the student shifts his
eyes towards left, the image appears to the right of the
object pin. (Image distance > object distance)

48. (0

Movement towards left

L
/

Tha earr s snetles eaflantsd e A eoedle s es
11C1ay 1d pailuy 1vucuicd auld paiuy 1o

ZMOB=180-26

45. (o)

But the angle between refracted and reflected rays is
ZPOB. Clearly is ZPOB is less than ZMOB.
46. (a)

Medium |

Medium [ J Medium 2

For minimum deviation the ray in the prism is parallel to
the base of the prism. This condition does not depend
on the colour (or wave length) of incident radiation. So
in both the cases, by geometry, r = 30°. So (a) is correct
option.
47. (b) Forrefraction at parallel interfaces
n

n, sinf = 20 sin (x=—0 sinf3 Do sin 90°
0 2 6 8

. sin@=

o | —

Consider the activitiy 4 1o f
Applying v? —u? = 2as

V2 —02=2x10x72 = v=12m/s

The velocity of ball as perceived by fish is

v'=wuxv=§x12=16m/s



@

A AQu=0
a=10ms
5=T72m

20m

80
¥ 1
128 m
PR, S DU ‘L
& [ish

49. () Focal length of the biconvex lens is 15 cm. A small

object is placed at a distance of 30cm from the lensi.e.
at a distance of 2f. Therefore the image should form at
30cm from the lensat1,.

e

3] B i

k] 2

el (o

But since the ray strike the plane mirror before reaching
I, the image I, acts as the virtual object for reflection
on plane mirror kept at a distance of 20 cm from it.

It should produce an image /, but as the ray encounters
the lens, it gets refracted and the final image is formed
at /3. For the last refraction from the biconvex lens,
u=10cm.

1 1 1

Applying lens formula S 7

1 1 1 1 1 1 25

= D—=—q4—=
Y 10 15 v 15 10

150
=>v=6cm.
Therefore a real image is formed at a distance of 16 cm
from the plane mirror.

When the light is incident on glass - an interface at an
angle less than critical angle a small part of light will be
reflected and most part will be transmitted.

When the light is incident greater than the critical angle,
it gets completed reflected (total internal reflection)
These characteristics are depicted in option (c).

The focal length (f}) of the lens with n= 1.5 is given by

1 1
| P
A = )[ Ry Rz}
(1 1 1
=a5—njz—;}=§§

The focal length (f;) of the lens with n = 1.2 is
given by

11
(1) ——
f2 (2 =1 R’ Rz}

52. (@)

53. ()

54. (b

55. (¢)
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Sz 1)L

-14] 70
The focal length F of the combination is
1 1 1 1
=
F A f» 20

Applying lens formula for the combination of lens
111 1 1 1
vV u F

V 40 20
= V=40cm
D
We know that B=%
Now, ;\'R>}‘G>7"B
Br>Bs>Bg
(i B B
22272
cos(180° - 2q) = —= = -
lHTjﬁWTP_QﬁT
V2 L2 1.1' zJ Y
1 e
..cos(180°-2a) = -3 e R0 -20
- 180°-2a=120° Bty
soa=30°

I

|
option (a) is correct [
The intensity I is given as

I=1, 0052% where I is the peak intensity

I I,
Here1=7°, - 2—1 cosz¢

For a phase difference of 21 the path difference is A

.x¢=g@n+D

. For a phase difference of (2n+1) % the path

difference

is 2n+ 1)%. option (b) is correct.

Applying Snell’s law at point P
n; sin @ = n,sin 90°

11.54/2

ny = 2.72x

J“”f+[ujdj

ny,=136
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56. (a) Applying Snell'slaw at A

1 xsin 45° = \/Exsinr]

s =30° .

45

Applying Snell's law at B
J2 sinC=1xsin 90°
C=45° ... (i)
In AAMB, 90°+ 0 +r1, +(90°—C)=180° (From fig.)
s 0=15°

1 1
57. (¢) Forlens ———=7
vV u

1 1 1

v =50 25
v=75cm

Principal axis of mirror
’

XN
\\\ : \\ :
\\\ | N |
Sl NS0 cemi
ru 07 [
-~ |
| ~ O
A e
Y
] 1A 'M
Principal |
axis of :
lens |

Therefore object distance for mirror is 25 cm and object
is virtual

1 1 1 1 1
For minor —+—=—- .. —+
vV ou

f v 25 50 7
The image I would have formed as shown had the mirror
been straight. But here the mirror is tilted by 30°.
Therefore the image will be tilted by 60° and will be
formedat A.

Here MA=50cos 60°=25cm

andI'A =50 sin 60° = 25./3 cm

v=-50cm

D. MCQs with ONE or MORE THAN ONE Correct

(b, d) e 7=
min (,\/z—,\/g)
Il a2 a
I, b2
1 1 1 1 1 .
Q) P=—=—4—=—193——=_1.5dioptre.
@ f A f» 04 025 P

AD rd
,¢)H =Qn-)===Q2n-)==
(a,c)Here y=(2n )2d (2n )2b

(~-d=band D=d)

Butyzg

b Ad
Z_0n-nN=t
= @n=D3y

b? «—i—>

K=m whenn=1,2
2 42

LA
d 3d

(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.

d l+1_1 _dv_du 0
@ v ou f v ou?
dv_v? _(Lf
du 2 u-f

£ 2
image length =(—) xb
f-u
(a) For total internal reflection
pn= L__1 =1414

~sinC  sin45°
i.e. for an angle of incidence of 45°, that colour will suffer

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

Therefore, red light will berefracted at interface AB whereas
blue and green light will suffer total internal reflection.



7. () Inan astronomical telescope when the object and final
image are at infinity, M and L are given as shown:
Angular magnification M=f_ff,,
Seperation between lenses, L =f, +f,

Jo_s .
oo Jo=5/. ()

So+f.=36 or 5f,+f,=36
or f,=6cm .. (i)

Jo=5f, or f,=30cm
Hence f, =30 cm, f,=6cm
8. (¢) Theangle of deviation for the first prism P,
3,=(u; -4,
The angle of deviation for the second prism P,
5= (-1 4,
Since total deviation is to be zero
8,+8,=0
= (-DA4;+(u,—-1)4,=0
—(1.54-1)
2 = —4 =
(1.72-1)
9. (a,b,c,d)In case of an astronomical telescope the distance

between the objective lens and eyepiece lens
=fo1/=16+0.02=16.02m

o

The angular magnification =— M _-16 =-800

eyepiece 0.02

NOTE : The image seen by the astronomical telescope is
inverted. Also the objective lens is larger than eye piece
lens.
10. (c) Theimage/, of parallel rays formed by lens 1 will act as
virtual object.
2

[ 1 1q]

Applying lens formula for lens 2
1 1 1

1 Ly, b=

v, fi—d fo T+ fi-d

Thehorizontal distance of the image / from O'is

e LU= _fih+d(i-d)
frth-d fitf-d

To find the y-coordinate, we use magnification formula for

lens 2
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Sr(/h-4)
mot2_Sith-d__ h
uy  h-d  fitfr-d
h2 AXf2
Also m=-2 = hy=——22_
SO m Nk 7+ fy—d
The y-coordinate y = A - h,
A A/ —d)

fitfo-d =~ fi+fr-d

11. (b, ¢) NOTE : Concave lens and convex mirror are diverging
in nature. Therefore the refracted/reflected rays do not meet.

These rays are produced backwards to make them meet.

Therefore the image formed is virtual and erect.

Spherical aberation is smaller when the curved surface

is facing the object because the total deviation is shared

between the two surfaces.

13. (c,d) KEY CONCEPT : For total internal reflection to take
place:

12. O

Angle of incidence i> critical angle, g

orsin45°>lorL>lorn >+2orn>1.414.

no 2 n
Therefore, possible values of n can be 1.5 or1.6 in the
given options.
For first minima the path difference between the rays
coming from the two edges should be A which
corresponds to a phase difference of 2.
The ray diagram is shown in figure. Therefore, the
image will be real and between C and O.

14. @

15. (@)

. Normal at P will
- pass through O
o

o — 0
16. (a) The formula for spherical refracting surfaceis

—_/ll+#_2=ﬂ2—ﬂ1
u v R

%@a\ Gilass
Air B

PT ol ©7 Q(Real Image)
— ——1 —p

Hereu=-x,v=+x,R=+R,n, =11, =15

-1 15 15-1
—+—=—">= x=5R
-X X R

GP_3481
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17. (a,b) The condition to obtain maxima in the phenomenon

observed in young's double slit experiment is
dsin @ = na, where n is an integer

Screen
Whend=A
Asin® = nA
= sin® =n

Whenn=0,9 =0

Whenn=1, § =90° (This will be a point on the screen
which will be at infinity and therefore not practical)
Other values of n are invalid as —]1 <sinf<1.
=The screen will have only one maxima.

When ) <d <2\
nA nA
= - '.'d=—
A< sin9<2}» [ sine}
n
1<——<2
== 5in6

The possible values of nare 0, + 1, -1.

=There s at least one more maxima (besides the central
maxima, option [B] is correct.

We know that

2 2
Imaxz(\/ﬂ"'\/g) > Imin= (\/K—\/E)
InitiallyI; =4 Tand I,=1

[ax=9TandI , =1
When I, =1,=Ithen I , =4Iandl_; =0
i.e., when the intensities become equal, I . reduces to
zero. Options [C] and [D] are incorrect.

min

(c,d)Given f=-24cm

Applying L4 L-1
v u f
For (66, 33)
1.1 1 1 1 -66+24 42
v f u 24 66 24x66 24x66
L, 2Ax66_ ...
42

But the value of v=33. The absolute error is 37.7 - 33
=4.7 cm which is greater than 0.2 cm. Therefore a wrong
reading.

19.

®
For (78, 39) when u =78 then
,r_r
v 78 24
= v=-34.67

The absoluate error is 39 — 34.67 =4.33 which is greater
than 0.2 cm.

(ab,c)

Applying Snell’s law at P
n, sin 60° = n, sin®

= sin60° =/3sin 0
=06=30°

In quadrilateral BCQP,

A

60° + (907 + 307) + 135° + ZPQC= 360"
= ZPQC=45° = j=45°
The critical angle for prism - air pair of media is

a1
C=sm l[ﬁ] which is less than 45°.

Therefore total internal reflection takes place at face
CD.

option (a) is correct.

In AQDM, ZQMD = 180° —(45° +75°) = 60°
Therefore the angle of incidence of ray QM on AD is
30°.

This angle is less than the critical angle. Therefore the
ray emerges out of face AD.

Option (b) is correct.

Applying Snell’s law at M, we get

«/gsin30°=1xsina:>(x=sin'l?:60"

In quadrilateral PQMN, ZPNM = 360° — [60° + 90°
+120°1=90°

.. The angle between the incident ray and the emergent
rayis 90°

Option (c) is correct.

20. (a, c) There will be no effect of the transparent thin film of

uniform thickness and refractive indexn; = 1.4

Therefore, —% + HTZ -2l [For case (1)]
= —l+1'—5=£ =f =3R
w f; R !
.. (a)is a correct option
Again applying s B S A [For case (ii)]
u v R
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@

24, (a,c,d)
1.5_'_i= 1-1.5 —f, =2R
o0 f2 —R

. (c)is a correct option.
21. (a,b,c)

AD
We know that B= i

Ash, >4 . By> By
Therefore m, >m,

.. (a)is correct option.

.. (b) is correct option.

D (2x5-1)A D

3 = —

As X7y 2 d
3 x600=4.5x 400

.. () is correct option.

A
The angular width = PR (d) is incorrect option.
22. (b) Forrefractionin S,
no My Ny —m 1.5 1 1-15
—_——t =2 =
« v R =50 ¥V -I0
=v=50cm.

For refraction in S,
Mmoo
u Y R
1 +£_ 1.5-1
T Hd-50) o 10

11
d-50 20
d=70cm.
B is the correct option.
23. (a,d)
For lens
1 1 1 1 1 1
vou f v 30 f
Also m="m2=2
u
On solving we get f=+ 20 cm and v =60 cm.
For reflection "
l+l=l=£:>L+L=£:>R=3Ocm
v u f R 10 -30 R

The image formed by convex side is faint erect and virtual.

By lens maker formula

1 (m_fL_L

f_ ng Rl R2

L (L)L

" 20 (1 l)(w) w23

m sin®; =n,sinO; [-- 1and 2 interfaces are parallel]
1 depends on the refractive index of transparent slab but not
on n, . In fact Ofdepends on n,.

25. (bd)
Path difference at O =d =0.6003mm

Now,=mm=300x10"5mm

For n=dwe getn=2001

As n is a whole number, the condition for minima is satis-
fied.

Therefore ‘O’ will be dark.

Also, as the screen is perpendicular to the plane containing
the slits, therefore fringes obtained will be semi-circular (Top
half of the screen is available)

E. Subjective Problems

1.  The focal length of the equivalent mirror is
1 2 1
—_——— + —_—
E o f fm
2 2 1 1 21
=t =—4—=—
20 22 10 11 110

o110
21

NOTE : Since the focal length is positive it is a converging
mitror

1 1 1 1 1 1
N —_t— =D —t—-=——
MY S0 v -110/21

112 o

y 10 110 — VT em

NOTE : The negative sign indicates the image is real.
2.  The situation can be shown as in the figure.

Here, i=60°, 4=30°,6=30°e="?

Weknowthat, A +d=i+e (1)
Also,A=r+r ..(2)
From (1),

e=A+56-i=30°+30°-60°=0
As the angle of emergence (e) is 0, hence the emergent ray
is normal to the face from which it emerges.
Whene=0,7=0

From (2), A=r=30°.
From Snell's law, refractive index of prism,

_sini_sin60° _ +/3/2 _5

p=—"—=— = =1.732.
sinr sin30° 1/2
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3.

-

A {
Vertical
side

<k
M — b
1

0

For a grazing incident ray at BD for which i~ 90° the angle of
refraction (90 — C) is maximum. For this Cisleast. Let Cis
greater than the critical angle.

Applying Snell's law at M
1 sin90° Sy 1 )
M sin00-0) T 2* T s O
Also 'n= 1 ..
0 M= snC (1)
When C'is the critical angle.
1 1

F i) and (ii), =— C=45°
rom (i) and (i1) cosC _snC =

1 1

= =+/2=141
2P sin45° V2

For case (i), there is no refraction. Therefore pu; =p
NOTE : Here the convex lens behaves as a diverging lens.
Therefore, p <p,.

The rays originating from 4 (the point object) suffer
refraction before striking the concave mirror.

For the mirror the rays are coming from A'

.
a4 . I &
4 L 4

A’ A

such that 4A4'=shift = t[l _1
n
Therefore the object distance

u=0A'=OA—AA’=21—t[1—l)
u

= 21—3(1—i] =20cm
1.5

e uf  _20x5 20
u-f 20-5 3
The reflected rays again pass through the glass slab. The
image should have formed at B is the absence of glass slab.
But. due to its presence the image is formed at B'.

H:'"'u\h‘\

o - - i i

cm=6.67cm

Therefore image distance = OB+ BS'

7.

20 (1
—+t(1——) , 21-B_767em
3 w3 3

(i) KEY CONCEPT :The given silvered concavo-convex
lens behaves like a mirror whose focal length can be

1 2 1
calculated by the formula 7 = 71 + 72

Jf; = focal length of concave surface.
Jf, = focal length of concave mirror

Ro=6l em

#=20cm

1 2 1 4
+—=

-10 30
f=-75cm
Using mirror formula

x=15cm
(i) Let the object distance be u. When water is poured
over the concave surface the apparent object distance will
be v then

B W o I B
u v R

For flat surface R =

_ﬁ+ “_2 =0
u v
= v=uu—2=u>< lp,lzuxi
My 2 3
Since the ray enters the lens from water into glass
THy Hg Mg THw
u v R

—4/3 1.5 15-4/3
- = -
4 -20 —60

= = u=-13.85cm

-. Downward shift =15-13.85=1.15cm.
The total intensity at point P will be

=L+1p+1,- c
I = (Illumination power) xcas8 24y
4mr?
_90xcos0
T 4nx 32 4 90W

= Ewatt /m?
4n

B 1ROW



8.

Topic-wise Solved Papers - PHYSICS

Case (i) : When n; <n,

Obviously ny <n, and the angle 0 is greater than the critical
angle required for the ray passing from medium II to medium
I11. Therefore total internal reflection will also take place

®
180 x cos60° 10 critical angle
=7——watt/m
4 x (1. 5) m
I-=20c0s60°=10
1p=£+&+10—139W/m
4n

HereR=ccie, plane surface is the refracting surface

W | o
I =

7§
&

)
BT U TR T PR
u v R -4 -3
B2 3 i)
b4
Again applying
L T - W S 0T (X0 Vi
u v R u v R
1 3/4  3/4-1

- +—-=
-4 -25/8 R

On solving we get R=—25cm.
Applying Len's maker formula,

(1 1) (4 11
—=u-)|——— || === =
=(u )(R] R (3 )(25 Oc) .f=75cm
@) The distance of the nth bright fringe from the central
maxima is given by the expression

AD
Vn = n7 , For 3rd bright fringen=3

_ 3x6500x10710 x120x 1072

2x1073
(i) Let nth bright fringe of wavelength 6500 A coincide
with mth bright fringe of wavelength 5200A. Their
distance will be same from the central bright. Therefore,
nhD _ mhyD . on_5200 4
d d m 6500 5
i.e., at the least distance 4th bright fringe of 6500 A will
coincide with 5th bright fringe of 5200 A. Its distance
from the central maxima will be
_ 4x6500x107'% x120x107

" 2x10°

=1.17x103m

=1.56x10m

10. KEY CONCEPT : For total internal reflection, the conditions

are
e  The object should be in the denser medium.
e The angle of incidence should be greater than the

11.

when a ray strikes with the same angle at the interface of
medium II and medium II1L.

Case (ii) : n;>n, butn

The ray w111 get refracte3 in medlum III as the angle 6 will
now be less than the critical angle required for medium II
and medium III pair.

Med] ,re

\“[ul 11

Med 11 i

Sin o_m (Applying Snell's law at P)
sinr  ny

sin r= —25in0
n3
Asn,>n; So,r>0
When the refracted ray PR meets the boundary DE, it is
travelling from a denser medium to a rarer medium. Therefore
theray will be totally internally reflected at DE if its angle of
incidencer is more than the critical angle for med I1T and I.
L
sini"="7
m

Since, sinr> P sinr>sini" = r>i"
3

Therefore ray PR will be totally internal reflected along RQ.
Onreaching Q, the ray will be refracted in med II. Thus, the
ray will ultimately be reflected back in medium II.

(1) Let x is the incident angle for reflection at AC. For total
internal reflection x > i (critical angle)

o
Let y be the incident angle of the ray on face CB. For total
internal reflection

y>ic
x+y>2i
Butx= /4 ang y=4B (from geometry)
S x+y=90°
= 90>2i, = i-<45°
The refractlve index of the medium for this to happen.
p=—t=—1__
sini-  sin45°

.. 5
@ p= 3

GP_3481
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12.

13.

= sini '—l—L—E
€ pn 5/3° 5

y=30°(Given) .. x=60°
x>io but y<i/

= Total internal reflection will take place on face 4C but
not on CB.

(1) Initially the object is in denser medium and
u = oo using the formula of refraction at a spherical
surface for AB

H2+H_1_H1—M2

= il=37°

-4/3 1 1-4/3
+—=
u v R —0 2
= v=—-6mm
NOTE : This is the position of the image due to refraction at
the first surface. This image will behave as a virtual object
for the refraction at the second surface.
u=-6-4=-10mm
Again using the formula of refraction at a spherical surface
for CD

I P P R
w' v R 0 v 2

= V=-5mm.

The is the position of final image.

(i) RayDiagram.

| WATER
The power transmitted through A

= IO%Of(&Hxn(O.OOI)2=10‘6W
I

The power transmitted through B

= 10%of(9ﬂ xx (0.002)>=4x 106 W
T
Let A¢ be the phase difference introduced by film

2
Ap= Tn (path difference introduced by the film)

2 (1)t = —— 2 [1.5-1]2000x10-10
= — _ = D—1IX X

A 6000 x 10710
= g radian

The power received at F

P=P+P,+2 [ P cosAd
=106+4x106+2 107 x4x1076 cos%
=7x10°W.

14.

15.

As shown in the figure, the interference will be between
0.25/=1,and0.141=1,

Cilass
Plate

Calass
Plate

Imin (\/E_\/E)z
[J0251 +J0.14 I 49

Tfo2sI-Jorarpr 1

(@) %,=4000A and,=5000 A

018754

IAEY

For total internal reflection to take place, 6 should be
greater than C. For smaller values of C, the values of u
should be high or in other words the value of A should
be small.
Therefore, total internal reflection will be given by

A, =4000 A

Here, sin® = 0.8 (given) = 9 =53.1°

11
- =125
= sino 08

b
(4000x10710)2
= b=08x10""“m?
(b) Applying Snell's law at N for wavelength A,

08x10714

A VX 7)
(5000 x 107102

sinr
= —— wherep=1.5+
sin §

sinr
1.232= — =80.3°
= 0.8 =>r

From the figure it is clear that the deviation,
8=r-i=80.3°-53.1°=272°

(¢) The intensities of transmitted beams are 4/ and /
respectively.

ki

L J

Path diff= w(MB)— AN



16.

17.

= 30" 4Bsini)— ABsin®
sini
=0
Since both the radiations are mutually coherent and
while coming to focus these travel equal paths,
therefore, these two beams will arrive in phase at focus.
Resultant Intensity

e = (VI + 2" = (VAT 4T
= 3JI)? =91

The light entering the rod does not emerge from the curved
surface of the rod when the angle (90° — B) is greater than
the critical angle.

le, p=<—
sinC
Here, C=90-
- 1
= K=in90°—p) = M= cosp

1

where C is the critical angle.

Asa limiting case, p= @ ()
Applying Snell's law at 4
sin o sina ..
u= ... (i1)

snp =M=

NOTE : The smallest angle of incidence on the curved

. T, -
surface is when o = 7 This can be taken as a limiting case

for angle of incidence on plane surface.
From (i1)

sinm/2

1 e
@ .. (ii1)
From (i) and (i1), sin p =cos
=> p=45°

1t __1
= B cosase 12 T T V2
This is the least value of the refractive index of rod for light
entering the rod and not leaving it from the curved surface.
(1) In this case, the two identical halves of convex lens
will create two seperate images S and S, of the source
S. These Images (S, and S,) will behave as two
coherent sources and the further dealing will be in
accordance to Young's double slit experiment.

sin B=

18.
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Forlens L,

The object is .S

u=-0.15m, v=2, f=+0.1m

1 1 1 1 1 1 1

—_———=— = —_— =t —=—+4+

v u f v f u 01 -0.15
= v=03m

A §O,0, and A S§,S, are similar. Also the placement of O,
and O, are symmetrical to S

S1S2 _u+v
0102 u
_ (@+v)(0,0,) (0.15+0.3) 3
= §5,5,= = 0.15) x0.5x10
= 8§,5,=d=15%x102m .. D=13-03=1m
The fringe width
-9
_AD _500x1077 <L _ 1 03
d  15x1072% 3
Therefore,

04=3p=3x §x10‘3m =103

(i) If the gap between L, and L, i.e., 0,0, is reduced.
Then d will be reduced. Then the fringe width will
increase and hence OA will increase.

@i Since Y is below of optic axis, therefore the image is
real and inverted.

(i) STEPSOF CONSTRUCTION OF DIAGRAM.

For convex lens

(1) Join XY. This represents the ray originating from the
source and meeting the image Y. Since the ray is
undeviated after passing through the lens, therefore O
is the optical centre of the lens. Draw Y,0Y,
perpendicular to AB.

(2) Drawaray from X, parallel to 4B. It strikes Y; OY, at M.
Join MY . Itcuts AB at F. This is the focus of the convex
lens.
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(ii) For concave mirror
As the image is real and inverted, the concave mirror
has to be placed towards the left of X. To find the exact
position of the concave mirror, we draw a line YY'
perpendicular to AB such that BY =BY"

%

A4 O : 7 il
]

¥
Join Y'X and extend the line to meet AB at O. Ifthe concave
mirror is placed at O then after reflection at O, this line will
meet Y.
To find the radius of curvature of the mirror
Join Xand Y. Let it cut AB at C. This C should be the centre
of curvature of the concave mirror. With OC as radius, draw
a part of sphere. This is the concave mirror.
To find the focus of the concave mirror
Draw XM parallel to the principal axis. Join Mto Y. Let it cut
AD at F. Therefore, F is the focus of concave mirror.

19. (@) SLOPEATP

To find the slope at B, we draw a tangent to the trajectory
at B. The trajectory is such that as the ray passes
through the rectangular transparent medium, the ray
continuously deviates towards the normal. The tangent

at B makes an angle 0 with the x-axis. Therefore, the

d
slope at point B is tan @ = ay ..()
Y
AlR
j':l
L
+Z | FTRANSPARENT
27A0 E MEIUM »
o0 M AR W
(Origin}
iis the angle of incidence at B then according to ABOM
i+e+§=n (i)
Substituting the value of 6 from (ii) in (1)
T ) dy 4
tan[Z-i| =2 o d_
(2 J b = dx—cotz ... (1)

() EQUATIONOFTRAJECTORY
According to Snell's law, when light propagates
through a series of parallel layers of different media,
then

20.

n sin i = constant
Let us consider the rectangular state to be made up of
parallel layers such that as we move in the + Y direction,
the refractive index increases as given by the
relationship

n(y)=[ky>?+1]"2 ~(iv)
Applying Snell's law at O, we get 1 x sin 90° = constant
=1

Agéin applying Snell's law at B, we get
n sin i = const. = 1 (from above equation)

1
n= —=coseci=\/1+cot2i-= ly 1-[

a'_j-"
sini VL de '

o

%41 = ||1 +[d"'\' ’

= y dir ] from (iv)

dy o3 Y 2y

= [k 7] = 37 dx (-k=1)
dy _
= y3/4 —de
= 4yl4= x + Cwhere Cis an integration constant.
Butat x=0,y=0
4
x

c=0 .. 4y1/4= x =>y= (Zj
(c) CO-ORDINATES (x,,y,)OF THE POINT P

AtP,y=Im ..x= 4y1/4 =4

The coordinates of P are (4m, 1m)
(d) The refractive index at P

n = [ky3/2 + 1]1/2 =1 (1)3/2 + 1]1/2 - \/5
if iy isangle of incidence at P then according to Snell's
law,

1

npsm1p=1 :>Sll'llp= E

Also by Snell's law, n; sinr, =n, sini

p P p

lsinrp= \/Ex% = sinrp=1 =>7r,= g

= After emerging from the rectangular glass slab, the light

ray becomes parallel to slab length.

(1 The ray incident on AB at M makes an angle of
incidence i. It gets refracted at M. The angle of
refraction is . Applying Snell's law at M

p= S0L ()

sinr

From fig



21.

@
ZAPM=180°—-(45°+90°—r)=45°+r
and C=90°—(45°+r)=45°—r
The ray after refraction at M enter the prism and strikes its
diagonal face 4C making an angle C with the normal at P.
Here C'is the critical angle, therefore, the ray after refraction
at P makes angle of refraction 90°
Applying Snell's law at P

n _sin90°
n  sinC

. n
= sinC=—
n

...(ii)

From (i), sini=nsinr =nsin(45°-C)
=n [sin 45° cos C —cos 45° sin C]

- %[\/l—sinz C =sinC]

sin i = %{ 1- :‘ —Z—;] [From (ii)]

1
= j=sin’! [ﬁ{ n* —n} —”1}}

(i) Angle of incidence at AB for which the refracted ray
passes through the diagonal face undeviated. For this to
happen, the angle of incidence of ray MP on diagonal face
should be zero. It means that the ray should strike normal to
AC.

MR-

B L

sini'

Applying Snell's law at M, we get n= Sinr

Since ZAP'M=90° L AMP=45=>r=45°

1.
sini'=nsinr=nsin45°= T=0.956

= ('=7294°
A A
a, _""a a
(1) m 7‘m m ,f,u
A,D 1041,
Fringe width = 24 = 8300210 _x1.33
“ud 1.33x10”
=6.3 x10%m

(i) KEY CONCEPT : The shift of fringes when one slit is
covered with thin glass sheet is

ﬂ[g_u_l}
=2

where, ¢ = thickness of glass sheet.

Topic-wise Solved Papers - PHYSICS
The shift has to be such that the minima shifts to the axis.

For this the shifting of the fringes should be % where B is
fringe width.

-+ Minima

Dt|gh-mb| B

d mh 2

_ Bdur 63x107x107° x1.33
© 2(gu-mm)xD  2(1.53-1.33)x133

=15.75%x10"m=1.575%x10%m

=t

22.
—u— d—r¢——v+d——
@
0
. % Image
Given  uy+v,=18m A1)
The magnification of lens (1) is 2
_ Vy +d ”
= —uz 4 ...(1)
From (i) and (ii)
uy=0.6+d,v,=12-d
Applying lens formula
1 11
vy +d + wy—d 7 ....(ii})  forlens (1)
.11 )
vy uy  f ...(iv)  for lens (2)
From (iii) and (iv)
1 1 1 1
+ - 4
vy + d Uy — d Vo Uy
1 1 1 1

= + = +
12-d+d 06+d-d 12-d 0.6+d

On solving, we get

GP_3481
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=d=0.6m
Substituting this value in (iv)
1 1 1
+ =—
1.2-0.6 0.6+06 f
f=04m

2 2
23. The phase difference ¢ = Tn Ax= TR(SK +4)

We know that 7 (¢) = 1., cos? (9)

2
= %Ima.lemaxcoszgz> %=30°=%
A
= 2—n=2—n(57\.+A) = Ax=—=03t
6 A 6

= t=93x10%m

24,

For Minimum Deviation

(@) Therays of wavelength A incident at any angle on the
interface BC will pass through without bending,
provided the refractive indices n; and n, have the same
value for the wavelength 4. Equating the expressions
of n; and n,, we get

—4 -4
120+ 10.8><210 =1'45+1.80><210
Ao A
(where A is in nm)

1/2
(90x10*)""
or kO—L 025 J =600nm

(b) For the wavelength 600 nm, the combination of prism
acts as a single prism shaped like an isosceles triangle
(ABE). At the minimum deviation, the ray inside the
prism will be parallel to the base. Hence, the angle of
refraction on the face 4C will be r = 30°.

n
Now sini=nsinr=nsin 30°= 5 ..(D

The value of n at 600 nm is

10.8x10* _

n=120+ 1.50 -2
0072 @

®
From (1) and (2),

3
the angle of incidence is i = sin™! (Z)

25. (a) Thepath difference (Ax) from the ray starting from S,
and S, and reaching a point P will be

Ax=dsind

e e
=lm)

We know that the path difference for minimum intensity is
A
2m-1) 5 wherem=1,2,3...

A
dsin® =(2m-1) 2

Qm-DA _ 2m-1)0.5 2m-1

in® = = =
= s 2d 2x1.0 4
Also —1<5sin6 < 1. Therefore, possible values of mare £ 1,
+2,0
From A POQ
Dsi .
y=Dta.n6=Lne (1)
1-sin?@
Positions of minima

Form=+1, sin® =% andy=0.26

. 3
m=-1, sm9=—z and y=-1.13m

m=+2, sin9=% y=+1.13m
. 1
m=0, sm9=—z y=-0.26m
() WHENTHE INCIDENT BEAM MAKESANANGLE
OF 30° WITH X-AXIS

Two cases arise as shown by the following two figures.

o
v
Mo BN EPRIRIr

fe]
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Path difference between ray 1 and 2 reaching P=S,M— NS, ol Mg Y 231415 P
Ax; = dsin®-dsina (Case 1) o= Tka—ljt=6x10_7 (4—/3—1](10.4x10 )
=6.8rad
) 1
We know that /= I, cos? 2 I " cos? (6.8)=0.75

Path difference between ray 1 and 2 reaching P= NS, +S\M

Ax,=dsino +dsin0 (Case?2)
Position of Central maxima : Path difference should be
zero. Therefore Ax; =0 or Ax, =0

= dsina=dsin0
= sin0 =% [ o=30°]
From equation (i), y=0.58m

. . . A
For first minima; dsin®+dsino = )

= dsin9=%+dsina

sin6=L+sina= +sin30°=l
2d 2x1 4

From equation (i), y=1.15m

3
+ -—
4

N |-

For first minima on the other side
. . A ) -1
dsma+dsm9=5 = sinf=—
4

From (i), y=-0.26m
(@) Letthe central maxima is obtained at a distance x below
O. [This is because a glass sheet is present in front of
S, which increases its path length to the screen.
Therefore the path length of ray from S, to the screen
should also increase].
Here,

(g \txgz(g_lj . (104x107°)(1.5)
d \4/3 0.45x107
=433x107m

. (g )
() For O, path difference = L— -1 J t
Hm

Phase difference

(¢) For maximum at O

Again path diff (B ),
ain path difference= | ——
gainp .
We know that for maxima, path difference = n

(ke )
nk—Lum lJt

(Bg )t (1.5 1)10.4><10_6
4/3

= 2=, Jn"
_ 13x10°m

n
Putting different values of » for find the wave length in the
range of 0.4 x 107 m t0 0.7 x 10~ m we get
A=0.65x10°mand0.433 x 10°m

n

27.

(Fig. 1) (Fig. 2)

Figure 1 shows vector OM '= 6 Bi+ 8\/33

Figure 2 shows vector 4 = 6\/§;+8\/§} —10k

The perpendicular to line MOM' is Z-axis which has a unit
vector of .

Angle between vector MP and OP can be found by dot
product.

MP . OP =(MP) (OP)cos i
(6\/§§+8\/§}—IOI€).(—I§)
\/(6«/5)2 +(8V3)2 +(=10) +/(=1)?

= i=60°
Unit vector in the direction of MOM' from fig. (1) is

- 63i+8v3] . 3. 4.

" [(6\/3)2 +(8,\/§)2]1/2 > n—gl-i-gj

To find the angle of refraction, we use Snell's law

= Cosi

3 _sini _ sin60°

J2 sinr  sinr

= r=45°
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\:) Incident ray
i |
T
/N
M,
O
A
:
i
XF) Refracted ray

Now, r= (sinr) n— (cos r)lAc

3~ 44 A
=(sin 45°) [§i+§j}—(cos45°)k

28. First of all, we consider the refraction at plane surface. Here
the image of P will form at I after refraction from I surface.

-

-
ol B
RN e

~

u=mR

For plane surface :

Object distance u = — mR

Radius of curvature of the plane surface =

The ray is coming from air and incident on the glas.
Herep;=1,u,=1.35.

B Wi _Ma7Hi Mo M =
Apply S R (as R=0)
. 1.5
Image distance v= By -2 —-mR)=-1.5mR
[25) 1.0

Now we consider refraction at the curved surface.
Object distance, u=—(1.5mR +R)

Here, p, = 1, u; = 1.5, Image distance, v = oo,
Radius of curvature = — R

15 1-15 4

Here, —+ =
o o (sm+)R  -R

29, (a) Forthe lens

1] Q
B B 0).6m

30.

®
SR N S B §
(S|na‘,|n vV u f[ \% —20 15
1 plane il A
—{cos r)k 1 1 1 1 v _ 60
..H'” * —_— I e — DT e— = = —=——
/ f v 15 20 g0 = VT 00em m= ==

The image is formed to the left of the lens, real, inverted and
three times the actual size (3.6 cm in height below PQ).
For the mirror,

1 1 1 1 1 1 2

v uw T g, T v 30 300 30
= Vv'=—15cm

Vo151

m=-—=—-—

w30 2

1
size of image = 3 x3.6=18cm.

This image will be inverted w.r.t. the original image and its
position will be 0.3 cm above RS and 1.5 cm below RS. The
position of the image is 15 cm to the right of the mirror.

(b) The path difference between the two rays reflected
from the upper surface AB (shown by ray 1, single arrow
upwards) and lower surface CD (shown by ray 2 double
arrow pointing upwards) is

A

A t:I:C‘

Ax= nx2t+ 5

Ao . : ‘
Here 5 s the path difference as the ray 1 sufter retlection

from a denser medium on surface AB
We known that for constructive interference
Path difference = mA wheremis 1, 2.....

A
mn><2t+5=m7» = 2 mnt=(m—%)k

henm=1 t= ——=-% _00mm
WheRm= LT g o0 4x18 '

For no deviation condition

e [M_—I}A
p'-1

1.5-1
1.75-1

> A= X 6° = 4°

CHROW M)

Now, the angular dispersion produced by crown glass prism
8y—98,=4 (ny—1,)
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e
Also the angular dispersion produced by flint glass prism
8b| - 8rl = Al (ubi - lJ,r')
Net deviation in blue light
8,= (M —D4 —(np, —D4,
=(1.51-1)6°-(1.77-1)4°=-0.02°
Similarly Net deviation of red light
8= (Hy =D 4 —~(,, -4
=(1.49-1)6°-(1.73-1)4°=0.02
Net dispersion = §, —8,=-0.04°
. The magnitude of the net angular dispersion = 0.04
() Oisthe middle point of two slits §; and S,.

$15,=d=0.8mm
F‘ [
5; A

ST 26 51015
Path difference AX| =SS, - SS,

1
or AX;=dsina=(0.8 mm)(gj =0.16mm ...(i)

Let R denotes the position of central bright fringe. Net path
difference will be zero.

Now AX, = §,R—- SR or AX, =dsin0 ...(i1)

For central bright fringe
AXZ—AX1=0 or dsinG—AX1=0
or dsinb=AX;=0.16mm
0.8)sin 6=0.16 sinE)—w—l
or (0.8)sin6=0. or =08 3
tanG—L—L~——sm9 Y2
04 4975 and="
1 _»
or EZD_Z or y2=%=m=2cm
Hence position of central bright fringe is 2 cm above point
Qonside CD.
(1) uofliguid poured if central fringe isat O:

Frad

32.
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The liquid is poured into vessel upto OQ.
The central bright fringe is formed at Q.
For central bright fringe net path difference = 0.

(n—1t=AX, or (u—1)(100)=0.16
or p—1=0.0016 or n=1.0016
The lens maker formula is

1 (1 1)
—=m-0 \z &
f R Ry

When the space between the lens and the mirror is filled

with water, a system of two lenses is formed.

(1) aglass lens

(i) a plano concave water lens

For glass lens Here R, =+ Rand R, =—R

Lvseo(f-1)-3

For waier lens
1 (1.33_1)(L_L] _033
Jw -R —wo R

f\'2= &
The focal length of the combination of two lenses will be
1 1 1 1 033 067
Tt s T T e T (D)
f A f» R R R

A convex lens placed on a plane mirror behaves like a
concave mirror. The image is formed at the object itselfif the
object is placed at centre of curvature of concave mirror.
After refraction through lens, the rays fall on the plane mirror
normally and retrace their path to form image at the object
itself.
Focal length of system (f) =15 cm .. (1)
From (i) and (ii)
1._067 R=10.05
5- R = .05 cm
The same situation is repeated with two differences
(@) The object and image distance are now 25 cm and
(b) In place of water there is a new liquid of refraction
index p
.11 I —(u-1)
Again —=— and ;=
fo R f R
length of new liquid lens.
New combined lens,

i_L+L_l_+(u—l)_l—u+1_2—u )
F .f‘[ fv R R R R .N.(l)
For new combined lens,

where f' is the focal
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1_1
F 25
From (i) and (ii)
2—-pn 1
1002 25 - HTL6
33. (a) Because Sis a point source, fringes will be circular.

Iin _(NT- 0361 _ [0.4)2 1
® T T+ Jo3er) 16

[ Ifintensity of light falling on P directly from Sis /, then
the intensity of light falling at P after reflection from AB is
0.361]

(¢) For maximum at P, path difference =nA

If 4B is shifted by a distance x, it will cause an additional
path difference of 2x.

... (i)

1.6

P 4
T X Screen
i

"

-2
i....... e H o b
L

WB

A
2x = A (for minimum value ofx) = x= 2" 300nm

34. For an object placed at infinity the image after first refraction
will be formed at a distance v,
M2 W _ M2l .
TR -0
Image afte second refraction will be formed at a distance v,
B3t _HM37Hs
1% Y +R

.. (1)

i
Adding (i) and (ii),
B3 B3l L
v, R TN -y
Final image is formed at the focus when incident rays are
parallel.
: H3R
Therefore, focal length will be
M3~ 1

35.

36.

(a) Using Snell's law at surface AB

My SIN 6 °=upsinr:> 73= 3sinr = r=30°
Now, NN is the normal to surface AB.

S LAMN=90°

But £ OMN=30° = £ AMQ=60°

In AAMQ

£ AQM=180°—(60° +30°)=90°
Therefracted ray inside the prism hits the other face at 90°;
hence deviation produced by this face is zero and hence
angle of emergence is zero.
(b) Multiple reflections occur in the film for minimum
thickness.
The intensity of emergent ray will be maximum if transmitted
waves undergo constructive interference.

For minimum thickness,

Ax=A
= Ax=2ut=A,

) A
where ¢=thickness = ¢= 2_11 =125nm

Use Snell's law
nysini=n,sinr
Here, n;=1,n,= J2,i=45°r="2
1xsin45° 1

= sinr=T=E = r=30°

The angle made by refracted ray at B with normal is 30°.

.. Angle made by the first surface with refracted ray BC
is 60°.

Hence the refracted ray at B is parallel to horizontal
arrow.

For refraction at spherical surface, u =
ny m ny—n
vV o u R

1514 1514-1414
- 0.4

" or v=6.056m
OP=6.056m



37.

38.

39.

At the place where maxima for both the wavelengths
coincide, y will be same for both the maxima, i.e.,

mMD _mhaD - om 700 7

d d n, A, 500 5

Minimum integral value of n, is 5.

Minimum distance of maxima of the two wavelengths

from central fringe

_mAD

T4
f=03m,u=-04m
Using lens formula

11 1
S Toa 03 = v=l2m

=5x700 %1079 x 103=3.5 mm.

%
1 1 1 -

Now we have ——— = — , differentiating w.r.t. ¢
v u f

1dv 1 du . du
we have ———+——=0 given —=0.01m/s
vEdt 2 dt g dt

2
(dv) _ (1.20) %0.01 =0.09m/s

dr)  (04)

dt
So, rate of separation of the image (w.r.t. the lens)
=0.09 m/s

udv _ vdu
_Yy dm _ 4t dr
Now, m = ; = % = u—2
~(0.4)(0.09)— (1.2)(0.01)
- (0.4)?

Magnitude of rate of change of lateral magnification = 0.35
-1

s,

For total internal reflection on interface AB

-0.35s7!

by = "'E|B
Hy=2
Hy = \-El”

For total internal reflection in interface CD.

1 _ 3w 3

sini=5—=3-=> = i=60°

3 2
M 2H

= Theminimum angle for total internal reflection for both
the interface is 60°.

40.
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(@) For minimum deviation of emergent ray from the first
prism. MN is parallel to AC
£ BMN=60°

= Zr=30°

Applying Snell's law at M

_ sini

"= Sinr
sini=psinr

sin i = «/stin30°=§

= i=60° ; \

(b) When the prism DCE is rotated about C in
anticlockwise direction by 60°, as shown in the figure,
then the final emergent ray SR becomes parallel to the
incident ray 7M. Thus, the angle of deviation becomes
Z€ro.

F. Match the Following

(A)—(p)-
More the radius of aperture more is the amount of light
entering the telescope.

B)— (@

o

Je

©)— ).

L=f+f

D) - (p), (@ (¥).

Depends on dispersion of lens, spherical aberration and

radius of aperture.

A-p,q,1,8

e When the object is at infinity, a real, inverted and
diminished image is formed at the focus of the concave
MiITor.

® Asthe object is brought closer to the mirror, the image
moves farther, remains real and inverted and increases
in size (but still it is diminished as compared to the object)

e When the object is at C, a real, inverted and same size
image is formed at C.

e When the object is brought still closer, a real, inverted
and magnified image is formed beyond C.

e When the object is at focus (F), the image is highly
magnified, real and inverted and formed at infinity.

e When the object is placed between pole and focus, a
virtual, erect and magnified image is formed behind the
MiITor.

M=
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A-p, s; B-q; C-t; D-1, s, t

3.

®)

S: T Pz
4+ P]
'PO

SI

For path difference } /4 , phase differenceis /2 .
For path difference ), /3, phase differenceis 25 /3.
Here, ${ =S, =0

3(Fp)=0
Therefore, (p) matches with (A).

The path difference for P, and P, will not be zero. The
intensities at P, is maximum.

I(By) = Iy + I + 2\[T, \]I, cos 0°
= (JI +L)? =y +1y)* = 41,
I(B)=1+L+2JL 12cos§
=L+ =Iy+1y=2I,
I(Py) =1y + I + 2,[T, \[I, cos(2m/3)

=L+ L =L =1y +1y~1o =1
I(Fy) > I(R)
Therefore, (s) matches with (A).

AS | ""PZ
+ 'p]
IIL)0

Sl

A A
8P =2 8P =0,6P, =~
07y ™1 2712

I(R)) =1, + I+ 2/l I, cos /2
=L+, =1y+1,=2I,

I(R) =1L +1, +2JI; [T, =4I,

IB)=5L+1, +2\/Z I, cosn/6
=11 +1, +J§\/E\/E

=Iy+Ip+\31, =2+B)I,
Therefore, Q match with (B)

©

®)

3 !)I
|

Here 6(Fy)=—-h/2; 6(F)=-A/4,8(P)=-L/6
I(By) =1y + I + 21 /I cos(-m)

=hi+ L =2\ =Ig+ 1y -21y = 0
I(R) =1y + I + 21 \JI cos(-n/2)

=N+ =Iy+1y =21,
I(R) =1+ 1, +2\[I; IZCOS(_Q

=Il +12 +\/E\/I_=IO +10+10 =310
1(B) > 1(R)
(¢) matches (C).

R | tP,
+ 'Pl
Po

Here 8Fy =3A/4;0F, =—A/2;8P, =—-5A/12

I(Ry) =1+ +2\I; Izcos("%"]

=L +1=Iy+1y=2I,
I(R) = 1) + I + 2/I \]I, cos(~7)

=L+ 1, =21} \[TI = Iy + Iy = 2.[Io Iy =0
I(Py) =1 + 1 + 2,[T; \[I; cos[-5m/6]

=+ =3I, =(2-3) 1,

(r), (s), (f) matches (D).

A-p, r; B-q,8,t; C-p,1;t, D-q,s

(@)

®)

©

®)

When u; <, the ray of light while entering the lens
will bend towards the normal. Therefore p, r are the
correct options

When p > u,, the ray of light while entering the lens
will bend away from the normal. Therefore q,s,t are the
correct options.

When p, = p;, the ray of light while coming out from
the lens does not deviate from its path. Therefore p,r,t
are the correct option.

Ky> U3, the ray of light coming out of the lens deviates
away from the normal. Therefore q,s are the correct
options.



5.

o

b

@)
©

b)

¢ — f. For the ray to bend towards the normal at the
prism surface p, > p,. The ray then moves away
from the normal when it emerges out of the
rectangular block. Therefore w, > us.

e — g. Asthere is no deviation of the ray as it emerges
out of the prism, p, = ;.

e — h. As the ray emerges out of prism, it moves away
from the normal. Therefore w, <, . As theray
moves away from the normal as it emerges out
of the rectangular block, therefore py > ps.

e—1. At the prism surface, total internal reflection

. h
has taken place. For this sin 45° > h—2

1

;> /2 W,. (d)is the correct option.

For (P) — —( —l)[———z}

=(1.5—1)[ﬂ=1:>f=r

For the combination

1 ;
F A f

R R
1 1 . 1
=(15_1)[—_—}=E=—
© —r r 2r
f=2r
For the combination
1 1 1 1 1 2 1
F fi f» 2r 2r 2r r
SFE=r

Similarly, we can either find or donot find the remaining
options (b) is the correct option.

G. Comprehension Based Questions

For plane wave fronts the beam of light is parallel.
Since points ¢ and d are on the same wavefront,
therefore ¢,=¢,

Similarly, ¢, = ¢, .. ;— &=~ ¢

The gap between consecutive wavefronts in medium 2
is less than that is medium 1. Therefore, wavelength of
light in medium 2 is less than that in medium 1. Therefore,
speed of light is more in medium 1 and less in medium 2.
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(c) Asnisnegative, therefore direction charges

n, sin @, = n, sin 6,

() The physical characteristics remain unchanged.

(a,c)

Applying Snell’s law at P; n_sin i, =n, sin (90°-C)
n, = Refractive index of surrounding

Q ny

W)
Alsosin C= n_

112

Now

)

g (2

n
—ani = —cC0sC=—
NA sin i, n,

[2_ 2

n —n

NA=NT1 "2
n

For S (in air)

S
—
=

For S| (in water)

45 9 3 3 45 9 9
NA=\1e=72=7 M=T\1e 717 1¢

1
ngo V15 [45 9 3Vis
6 Ve 4 24
For S, (in water)
3 [64 49 _ §£
) 25 25 4
For S, (in air)
Nac [64_20 NS
25 25 5

For S, (in n;= \/—)
_i5 64 49 3

4 \25 25 4

16
lnn =
For S, ( 3\/E)
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g V15 6449 9

16 V25 25 16
(a), (c) are correct options

1
7. @ NA=—qnf-n}
nS
Here
NA, < N4,

the NA of combined structure is equal to the
smaller value of the two numerical apertures.
(d) is the correct option.

H. Assertion & Reason Type Questions
1. (c) Statementl:

NOTE : The mirror (spherical) formula %+ % = % is

valid only for mirrors of small apertures where the size
of aperture is very small as compared to the radius of
curvature of the mirror. This statement is true.
Statement 2 :

NOTE : Laws of mirror are valid for plane as well as
large spherical surfaces.

Therefore, statement 2 is wrong.

I. Integer Value Correct Type

S
1. 6 Givenf=+20cmAlsom= f+u
20
L Mms _20-25 30
ms 20 =5
20-50

2. 6 Inthefigure, Crepresents the critical angle

Pep—s

W

Ea

.'.R=§x8=6cm
4

3 Using mirror formula for first position

object Image

25
u=%v = ?cm,f =+10cm

LI I N N 1
vw ow f? 25 u 10 S ==30m
Using mirror formula for the second position

1 1 1 7 1 1 1 1 7

v, uy f 50 u, 10 wu, 10 50
uy=-25m
Change in position of object =25 m
25 18 -1
ject = —X—=3kmh
Speed of object 305

2 For the convex spherical refracting surface of oil we
apply
L WL U o Bl o

u % R
T4
O . 0 *0
(=24 v 6 24cm
v=21lcm
For water-oil interface ool
S g
4 .3 =9
+21 V7 i water
L
V'=16cm.

This is the image distance from water-oil interface.
Therefore the distance ofthe image from the bottom of
the tank is 2 cm.

3 For maxima

Path defference = mA

N N




|:(n—1)\/a’2 +x2 +d? +x? ]—\/dz _x2

(n=1)\(d* +x*) =mh
(%—IJ\/dz +x2 =mh\

d? +x? =3mA
d* + x?=9mM\2
x2 = 9m2\2 - d?
p*=9 = p=3
Applying mirror formula
1 1 1

v u f
1 1.1 1 1

v f u 10 15

1_-15+10 -5 -1
v 150 150 30

v==30cm
f,=—10cm f.=+10cm
15¢m
ok 3lcim—
< SUc: >

For convex lens u = |2f)|

Therefore image will have a magnification of /.

When the set — up is kept in a medium
The focal length of the lens will change

r

i ) g [5]
£ A 2 ( _

Y10 1S
, [n_c_IJ [—7/6_1]
fl’ n;

—

= f; =175em.

1 1 1

Applying lens formula v u f_'
L
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1 1 1
;—30=m = v=140cm.
. . v 140
M =Magnification by lens = ;=_—20=—7
My | |Mmirror=<M; |
Now 71 - Mmirrnrxifé- B

Here ZMPQ+ ZMQP =60°. 1f ZMPQ= rthen ZMQP
=60-r

Applying Snell’s law at P

sin60° = n sin r (1)
Differentiating w.r.t ‘n’ we get

. dr N
O=sinr+ncosrx i ..(i1)

o,
LN
607N,
/ K
¥ y

; *, "
AL
/r ff l’ {‘??--Frll \:“_-1

/ M M, h
Py %

/ ‘\1
II X

Applying Snell’s law at O
sin @ =7 sin (60° —7) ...(1if)

Differentiating the above equation w.r.t ‘n’ we get

Gﬁ—' 60°—r)+ 60° l:—g}
cos dn—sm( —r)+ncos (60°—r) an

ce0s0 % _ i 600 . [_&}
..cos O an =sin (60° —r) — n cos (60°—r) "

(from (i1)]

dG 1 . o o T
I cosg [ (60°=1)+cos (60°~r)tan 7] ..w)

From eq. (i), substituting n = /3 we get r=30°

From eq (iii), substituting n =+/3 , =30° we get 6 =
60°
On substituting the values of  and 0 in eq (iv) we get

do 1
dn cos 60° [sin30°+cos30° tan 30°] =2
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10.

Section-B

)

@)

@)

@
@)

b

@

©

b

)

KEY CONCEPT : Theresolving power of a telescope

D
p= 1L22% where D = diameter of the objective lens

A = wavelength of light.
Clearly, larger the aperture, larger is the value of D,
more is the resolving power or resolution.
KEY CONCEPT : When two plane mirrors are inclined
at each other at an angle 6 then the number of the
images of a point object placed between the plane
360° 360°

1 2007
0 ,if 0 1S even

mirrors is

360°

60°

The phenomenon of polarisation is shown only by
transverse waves.

(RP) Ay 5
(RP), A, 4

.. Number of images formed = -1=5

In an optical fibre, light is sent through the fibre without
any loss by the phenomenon of total internal reflection
as shown in the figure.

Optical fibres form a dielectric wave guide and are free
from electromagnetic interference or radio frequency
interference.

For the phenomenon of interference we require two
sources of light of same frequency and having a definite
phase relationship (a phase relationship that does not
change with time)

A real, inverted and enlarged image of the object is
formed by the objective lens of a compound
microscope.

360 360 _
o 90

is an even number. The number of images formed is

given by

n=ﬂ—1=ﬂ—l= 4-1=3
6 90

The incident angle is 45° .
Incident angle > critical angle, i > i,

When 0 = 90° then

.sin i >sini, or sin 45> sinj, sini,=—
n

1 1 1
;.sin45°>— or —>— :>n>\/§
n 2 n

JEE Main/ GIEEE

11.

12.

13.

14.

15.

©

@

®)

@

@

KEY CONCEPT : The focal length(F) ofthe final mirror
1 2 1

1S f:E £

1 (1 1)
—_— —1 —_——
Here 7 (u )LRI %,

117 1
2(1'5_1)[3_5}%

1 1 1 1

. 2X—F——=—
F 60 30/2 10
The combination acts as a converging mirror. For the

object to be of the same size of mirror,
u=2F=20cm
The angle of incidence for total polarization is given

F=10cm

by tan@=n =0=tan"'n
Where n is the refractive index of the glass.

For constructive interference dsin6 = ni

. . n
given d =2\ :>sm9=5
n=0,1, —1,2, -2 hence five maxima are possible
Frequency remains constant during refraction
1

V, d:—_
me llJ,oE()X4

Mmed _ Vmed _ c_/2 _ l

7"air Vair ¢ 2

. wavelength is halved and frequency remains
unchanged

N o

sin6, =

1
v

12cm




17.

18.

19.

20.

21.

)

b

@)

e Topic-wise Solved Papers - PHYSICS
y A 22. (a) The intensity of light at any point of the screen where
> 2 1-222 the phase difference due to light coming from the two
slits is ¢ is given by
-3 -3
D< yd =10 x3x10_7=%z5m 2 (6
(122)A  (1.22)x5x10 : I=1,cos 2 where I is the maximum intensity.
" Dyax =5m NOTE : This formula is applicable when I = I,. Here
() 52) 0 b=%
7 1 xR J ,
I ,n (3 3
—=cos"—=|—| =—
1 _fHe 11D n e \2) Ta
Jm \Bm R R 23. (c) Power of combination is given by
P=P+P,=(-15+5D =-10D.
1 (15 (1 1) .
— == ___J ....(11) 1 1
Jm N6 R R Now, P= 7 = f=—=—— metre
f P -
( ) 1
o . f 15-1 f:—(—xlOOjcm=—lOcm.
Dividing (i) by (ii), f—”’ =15 | = 8 10
a R -1 24. (d) Theelectron beam will be diffracted and the maxima is
' obtained at y = 0. Also the distance between the first
1 minima on both side will be greater than d.
Pp=-5=—= f, = -3 25. (c¢) This graph obeys the lens equation
a
1. 1.1
where fis a positive constant for a given convex lens.
m 6 26. (a) To find the refractive index of glass using a travelling
P,= f_ =—x5=1D microscope, a vernier scale is provided on the
" ) ) microscope
The shape of interference fringes formed on a screen 7. () Third bright fringe of known light coincides with the
in case of a monochromatic source is a straight line. 4th bright fringe of the unknown light.
Remember for double hole experiment a hyperbola is ASO0\D 40D 3
generated. . (590) =—— = A=—x590=442.5nm
d d 4
. N\2 x
I=10[Mj and ¢ =—(bsin) .
¢ 7\‘ n T
When the slit width is doubled, the amplitude of the
wave at the centre of the screen is doubled, so the 28. (0)

intensity at the centre is increased by a factor 4.

I=1, cos” 0

I
Intensity of polarized light = 70

. . . 1
= Intensity of untransmitted light = I —70 =—

For a thin prism, D=(u—-1)4
Since A, <A, =>p <p,=D, <D,

Applying Snell’s law at Q

ne sin90° 1
sinC  sinC
~.sinC = 133
n 2
. C=60°

Applying Snell’s Law at P
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sin©

— sin 0 =n cos

5
s 9=sin"! {ﬁx cos 6OUJ

(1
or 9=sin"!| ——
(\/ij

Experimental
CLIIVE

Straight
line

29. @ __JI_ I::t'_:ﬂ
I 1

e o e -

5
|

Hereu=-2f,v=2f

As |u| increases, v decreases for |u[> f . The graph
between |v| and |u| is shown in the figure. A straight line
passing through the origin and making an angle of
45°with the x-axis meets the experimental curve at

P2f.2/).

30. () Inthemedium, the refractive index will decrease from

the axis towards the periphery of the beam.

Therefore, the beam will move as one move from the
axis to the periphery and hence the beam will converge.

N

|
/ :

. .

31. (d) Initiallythe parallel beam is cylindrical . Therefore, the

wavefront will be planar.

32. (@) Thespeed of light (¢) in a medium of refractive index

(w) is given by

¢ ) S
n= ?0, where ¢, is the speed of light in vacuum

9 %

T T g+ )

As Iis decreasing with increasing radius, it is maximum
on the axis of the beam. Therefore, ¢ is minimum on the

axis of the beam.
33. (@) Angleofincidence is given by

(6J§f +837-10k)
20

cos (n—i) =

1
—COSI=— )

Sin90— ) = sin @ = nxsin(90—C); ffom(1)

34.

35.

36.

37.

®)

@

®)

@

a2

p=+3
£i=60° r

From Snell's law, /2 sini = +/3sinr

£ r=45°

A phase change of © rad appears when the ray reflects
at the glass-air interface. Also, the centre of the
interference pattern is dark.

From mirror formula

1 ﬂ__ﬁ(d_u]
v u f S0, dt W2\ dt

d_(f Vau_dv 1
= a g @ T @ 1s™s

*» The E.M. wave are transverse in nature i.e.,

ExE

=H
o .0
where ﬁzg
n
and XH _ _f (i)
WE

kis | H andk isalso L to E

or In other words X || E and k || ExB

Letc11=a,11=c112=a2

a, = 2a, 12 = a22 = 402_ Therefore 12 = 4I1
I=1 +Iy +2\/IjI; cos ¢

1= Iy + 411 +2,/41% cos ¢
= I, =5I;+4l,cos¢ ...(D
Now, I, =(a +ap Y =(a+2a)* =94
Inax =9 = L =Im%
Substituting in equation (1)
I — Slmax 4Imax

’ —T+Tcos¢

I, = I“‘%[S+ 4cos¢)

I
I, =ﬂ[5+8c082 9—4}
9 2

I, =Imi[1+8cos2 Q]
9 2



38.

39.

40.

41.
42.

43.

«

©

©

@
©

(b)

®
The focal length of the lens

111 1.1 2041 21

f v u 12 240 240 240
240
=——cm
f=7
1 1 1
—tl12t 11— |=1x=
Shift = t[l ’J:[ 3/2) 3

Now V' = 12—l—§c
3 3

Now the object distance u.

1 3 21 [3 21]

u 35 240 5|7 48
1_1[48—49}
u 5| 7x16

u=-7x16x5=-560cm=-5.6m
_ Velocity of light in vacuum
Velocity of light in medium

3
L n==

' 2

32+ (R-3mm)*=R? :
= 32+R2-2R(3mm) + (3mm)?>=R? i,
= R~15cm

lz(i_l)(L)ﬂﬁ 30 cm |
f 2 15 g ot

Relation between intensities

4557 B
Iy I (Iy2) ?/

(unmlaris.ed]l / I

A

Iy 1 I
I, —[ ]cos (45°) = =20
2 2 2 4

It will be concentric circles.

For the prism as the angle of incidence (i) increases,
the angle of deviation (&) first decreases goes to
minimum value and then increases.

By Lens maker's formula for convex lens

Lz[i_1](3]
fo\m R

4
for, M, =§,f1 =4R

5
=2, f, =—5R
5 f2

= fL,=C)ve

for Mz,
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For critical angle 6,

sin@, =— air

//[}{‘ water

So, critical angle would be more. So, they will not suffer
reflection and come out at angles less then 90°.
According to malus law, intensity of emerging beam is
given by,

1= Icos 29
Now, I,=1, c0s230°

Ip =IBcos 60°

For greater wavelength or
lesser frequency p is less.

As I =1Ip

3 1 Iy 1
= [AXZZIBX_ 13—3

4

< 25cm >
_ _ 1224
Resolving power = Jusin® 30 pm.
Plane WF

increases
Vel decreases

(Light bends
upwards)
Refracted

Whenr,= C, ZN,Rc=90°
Where C = critical angle

. |
As sinC= —=sInr,
¥

Applying snell's law at ‘R’

psinr, = 1sin90° (1)
Applying snell's law at ‘Q’

1 xsin@=p sinr,; ..(i1)
Butr,=A-r,
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49.

@

®
So, sin ®= p sin (A-r,) db d AL
sin@=p sinAcosry—cos A ..(ii))  [using(i)] For b to be minimum o 0 d—(a + —) =0
From(1) a a a
[ a=+/AL
=\/1—sin2r = [l-— : )
st W - bmin= AL + VAL = 23 = VAL

Byeq. (iii) and (iv)

ow ke
sin @ = USINA IIl —— —COosA

on further solving we can show for ray not to transmitted
through face AC

0= sin~! {u sin(A —sin™' (lﬂ
n

So, for transmission through face AC

0> sin”! [u sin(A —sin™! (lﬂ
n

Given geometrical spread =a

. . A AL
Diffraction spread = . xL = ’

The sum b=a+}”_L

a

50. ()

S1.

©

A telescope magnifies by making the object appearing
closer.

Weknowthat i+e-A=3§
35°+79° - A=40°

i At0n) (7443,
2 2

A=74°

But p= > =
sinA/2 sin A
2
= ésin 37°+ Om
3 2
> Thatis . i 2167
Mmax an be 3 That is pp,y 1s less than 37"

But 3., will be less than 40° so

u<§ sin57°<§ sin60° = u=145
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