Ray and Wave Optics
Fill in the Blanks

Q.1. A light wave of frequency 5 x 1014 Hz enters a medium of refractive index
1.5. In the medium the velocity of the light wave is ......... and its wavelength is
.......... (1983 - 2 Marks)

Ans. 2 x 108 m/s, 0.4 x 10°®m

Solution.

_3x10°

7 —2%10%m/s:

v, 2x10°

L _04x105m
v 5x10t

Q.2. A convex lens A of focal length 20 cm and a concave lens B of focal length 5
cm are kept along the same axis with a distance d between them. If a parallel
beam of light falling on A leaves B as a parallel beam, then d is equal to ......
cm. (1985 - 2 Marks)

Ans.d=+15cm

Solution.

o
%
j:l'

x
[=1]
a
B
|
v

From the diagram it is clear that the focus of both the lenses should coincide as
shown in the diagram.

Therefore d = 15 cm.
Q.3. A monoch romatic 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)


Top Coaching
Typewritten text
Ray and Wave Optics


Ans. 4000A, 5 x 104 Hz
Solution. KEY CONCEPT :

a _ Speedoflightinmed] _ Vi,
T Speedof lightinmed2 Vi,
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[ v does not change with the medium]
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? ke 6000x10710

Q.4. In Young’s double-slit experiment, the two slits act as coherent sources of
equal amplitude ‘A’ and of wavelength ‘A’. In another experiment with the
same set-up the two slits are sources of equal amplitude ‘A’ and wavelength “A’,
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 case is ............. (1986 - 2 Marks)

Ans. 2

Solution. For coherent sources, for constructive interference The amplitude at the
mid point=A + A =2A

>l x(2A)2 = x4 ... (i)

NOTE : For incoherent sources, the intensity add up normally (no interference).
Therefore, the total intensity I, = 2l ... (ii)

From (i) and (ii)

L 4L
L 2

Q.5. A thin lens of refractive index 1.5 has a focal length of 15 cm in air. When
the lens is placed in a medium of refractive index 4/3, its focal length will
become ........ cm. (1987 - 2 Marks)



Ans. 60 cm

Solution.
gy;g_y':ﬂ:l_uj
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On dividing we get

f 15-1 05
—_—= = =I‘.1. - =6ﬂc—m
15 1.125-1 0125 - A

Q.6. 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 waves at P and Q is
............ (1989 - 2 Marks)

Ans. 25/9
Solution.
L_4
I 4 ®
2
But Im% = I—1=% (ii)
F I H

Q.7. A slab of a material of refractive index 2 shown in fig. has a curved surface
APB of radius 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 from the left is

............... (1991 - 2 Marks)

A C
“1=? =20 | 4
n3=
3
P C 0
k(lj [l s mmnnnmn >
B D
Krosansrvnnains 20 cmesrerensanenes >
Ans. 30 cm

Solution. For refraction at APB

_H2 M _MmTHy
v R

= Image of O will be formed at 30 cm to the right at P.

Q.8. A thin rod of length f/3 is placed along the optic axis of a concave mirror of
focal length f such that its image which is real and elongated, just touches the
rod. The magnification is .................... (1991 - 1 Mark)

Ans. 1.5

Solution. Since the image formed is real and elongated, the situation is as shown in
the figure. Since the image of B is formed at B' itself

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

PA=If—§=%
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2L y=n

Let us find the image of A. For point A, © 3

11 1
Applying, —+-=— = L _ 11
u v f -3 v —f
3
= 1__ 1,3 _ -5
v f 5f

Image length = 2.5 f — 2f = 0.5f

=
iy

Magnification — 3 =15

3
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Q.9. A ray of light undergoes deviation of 30° when incident on an equilateral
prism of refractive index V2. The angle made by the ray inside the prism with

the base of the prismis .................... (1992 - 1 Mark)
Ans. zero
Solution.
. A+5m . [ 60+8m
M=M ‘E_m[ 2 )
sind2 7 Y77 sin602
60 +8m

=45 = &m =30°

= The condition is for minium deviation. In this case the ray inside the prism
becomes parallel to base. Therefore the angle made by the ray inside the prism with
the base of the prism is zero.

Q.10. The resolving power of electron microscope is higher that that of an

optical microscope because the wavelength of electronsiis ..................... than the
wavelength of visible light. (1992 - 1 Mark)
Ans. smaller

Solution. KEY CONCEPT : The resolving power of a microscope device is
inversely proportional to the wavelength used.

= Ther esolving power of an electr on microscope is higher than that of an optical



microscope because the wavelength of electrons is smaller than the wavelength of
visible light.

Q.11. If g0 and po are, respectively, the electric permittivity and magnetic
permeability of free space, € and p the corresponding quantities in a medium,
the index of refraction of the medium in terms of the above parameters is
...................... (1992 - 1 Mark)

ko~
Ans \}}1080
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Solution. Velocity of light in vacuum Yo% and the velocity of light in a
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"= Velocity light in mediom v 1/ EF‘-E ipﬂsﬂ

Q.12. A light of wavelength 6000A in air, enters a medium with refractive index
1.5 Inside the medium its frequency is .... Hz and its wavelength is .... A. (1997 —
2 Marks)

Ans. 5 x 104 Hz, 4000A

Solution. Frequency remains the same

f=E=L0:]=5x10MHZ
A 600010
and 7y = 21— 60004 _ 40004

p 15

Q.13. 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 of the lenses are .... mand ... m. (1997 - 2 Marks)

Ans. 0.125m, 0.5 m

Solution. P; +P> =10 m!



P1+ P2 —(0.25) P1P2 = 6m -1
From these two expressions, we get

PPy = 16m 2

R-B—(A+R)-4RBR

~J10™)? —416™) = 6m™!
~P1=8m-tand P,=2m 1 Hence
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Q.14. A ray of light is incident normally on one of the faces of a prism of apex
angle 30° and refractive index V2 . The angle of deviation of the ray is...
degrees.

Ans. 15°

Solution. Using Snell's law for the refraction at AC, we get usini= (1) sinr

V2 sin 30°=sinr = r = 45°

Angle of deviation at face AC

=45°-30° = 15°




True/False
Q.1. The setting sun appears higher in the sky than it really is. (1980)
Ans. T
Solution. This is due to atmospheric refraction. The light coming from sun bends
towards the normal. Therefore, sun appears higher.

Q.2. The intensity of light at a distance ‘r’ from the axis of a long cylindrical
source is inversely proportional to ‘r’. (1981- 2 Marks)

Ans. T

Solution. KEY CONCEPT : Formula for intensity of a line source of power (P) at a
P

] . I=
distance r from the source is  2arl

Q.3. A convex lens of focal length 1 meter and a concave lens of focal length
0.25 meter are kept 0.75 meter apart. A parallel beam of light first passes
through the convex lens, then through the concave lens and comes to a focus
0.5 m away from the concave lens. (1983 - 2 Marks)

Ans. F
Solution. The image formed by the convex lens at the focus of the concave lens.

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

4—0.75m — | 4-0.25m —|

Q.4. A beam of white light passing through a hollow prism give no
spectrum. (1983 - 2 Marks)

Ans. T



Solution. 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.

Q.5. 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)

Ans. T

Solution. 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.

Q.6.In a Young’s double slit experiment performed with a source of white
light, only black and white fringes are observed. (1987 - 2 Marks)

Ans. F

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

Q.7. 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)

Ans. T

Solution.

1 —_—
F

1 1
_+_
h f

1 1 1 -2+1

—_—,—— = = =_ .
F 15 30 30 F==30cm

=

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

~0One sees coloured pattern with violet colour at the outer edge.



Subjective Questions Part -1

Q.1. A pinis placed 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)

Ans. 11 cm, Real

Solution. The focal length of the equivalent mirror is

1 1
J— +_
F S

Y | b

2 2 1 1 21

20 22 10 11 110

110
F=-
21

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

N 1 1 - 1+1_ 1

YT 10 v -110/21
1 1 21 -

= v 0~

NOTE : The negative sign indicates the image is real.

Q.2. 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)



Ans. 1.732

Solution. The situation can be shown as in the figure.

Here, i = 60°, A=30°d=30°e="7

We know that, A+d=1i+e...(1)

Also, A=r+r'..(2)

From (1),e=A+3d—-1=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,r'=0
~ From (2), A=r=30°.
From Snell's law, refractive index of prism,

ini  sin60° /3/2
sini _5in60°_ 3/ —J3=1732.

sinr sin30° 1/2

'J_=

Q.3. A rectangular block of glass is placed on a printed page lying on a
horizontal surface. Find the minimum value of the refractive index of glass for
which the letters on the page are not visible from any of the vertical faces of the
block. (1979)

Ans. 1.41

Solution.



Vertieal
side

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

Applying Snell's law at M

1 sin 90° - 1
M= sm(90-C) A cosC -0

| .
Also 2“ T dncC -1t}
When C is the critical angle.
. 1 1
From (1) and (ii), = — C=45"

cosC  sinC

1 1 J
- —J2=141
M7 Ginase

Q.4. What is the relation between the refractive indices p1 and po, if the
behaviour of light rays is as shown in the figure? (1979)

M K

ANs. p1 <
Solution. For case (i), there is no refraction. Therefore 3 =
NOTE : Here the convex lens behaves as a diverging lens.

Therefore, 1 < pa.



Q.5. 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 and refractive 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. (You may take the distance of the
near surface of the slab from the mirror to be 1 cm.

AnNs. 7.67 cm

Solution. The rays or iginating from A (the point object) suffer refraction before
striking the concave mirror.

For the mirror the rays are coming from A'

M'=shiﬂ={1—lJ

such that u

Therefore the object distance

1
u =OA'=GA—AA'=21—:{1——\I
7

=21—3(1—i_J = 20cm
1.5

_uf  2W0x3 20 667
Y u—f 20-5 3 omooorem
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'.

Therefore image distance = OB + BB'

L

&

=214
=]

20 (. 1% 20 23
_.H‘I\l——J —+1l=—=T767cm
3 ptt o3 3



Q.6. The convex surface of a thin concavo-convex lens of glass of refractive
index 1.5 has a radius of curvature 20 cm. The concave surface has a radius of
curvature 60 cm. The convex side is silvered and placed on a horizontal
surface. (1981- 6 Marks)

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

(i1) 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.

Ans. (i) 15¢cm

(i) 1.15cm

Solution. KEY CONCEPT : The given silvered concavo-convex lens behaves like
1 2

1

=4

a mirror whose focal length can be calculated by the formula & fi 72
f1 = focal length of concave surface.

f, = focal length of concave mirror

Using mirror formula



1 1 1

—_——

75 —-x -x

1 11
— _+_
F v wu
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

ML, B2 _R2—H

u v R

For flat surface R =0

_ﬂ+p_2=|:|
u v
= ‘Ir'=l¢’ﬂ=l{)¢§p.=i{}(i
m 2

3

Since the ray enters the lens from water into glass

“hy He  HeTHw
u 14 R

-4/3 15 15-4/3

4 —EU —60 — U =—13.35cm
u
3

~ Downward shift =15 —-13.85=1.15cm.

Q.7. Screen S is illuminated by two point sources A and B. Another source C
sends a parallel beam of light towards point P on the screen (see figure). Line
AP is normal to the screen and the lines AP, BP and CP are in one plane. The
distance AP, BP and CP are 3 m, 1.5 m and 1.5 m respectively. The radiant
powers of sources A and B are 90 watts and 180 watts respectively. The beam



from Cis of intensity 20 watts/m2.

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

Ans. 13.9

Solution. The total intensity at point P will be = 1o+ Ig + Ic

20W

60

4 90W
60

B 180W

_ (lllumination power ) x cos 8

Ty
4'?5!‘2
_ 90xcos0
4-‘15)(32
0
=—1:ll.-=it|‘."1:|:12
LE
I =13ﬂxcnsﬁg =Ewaﬂf'm2
4m e« (1.3)° T
I-=20cos60° =10
=010 - 130W/m?

F ldm =



Q.8. 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)

Ans. 75 cm

Solution. Here R = « i.e., plane surface is the refracting surface

\ -

S
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o

- B

B

I S Y
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u v R -4 -3
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|
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N0,

Again applying

OB
u v

Mo 1 om/m (e/m)-l

u v R

1 3’4 3/441

e

—_— — —
-4 =25/8 R

-
-
A

E R VA
W

On solving we get R = — 25cm.

Applying Len's maker formula,

(1

Cuen Lo (a1
f L SN iy [3 1_][25 mJ-'-fﬂj‘m



Q.9. A beam of light consisting of two wavelengths, 6500A and 52004, is used
obtain interference fringes in a Young’s double slit experiment : (1985 -6
Marks)

(i) 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 120 cm.

Ans. (i) 1.17 x 103 m,
(ii) 1.56 x 103 m

Solution. (i) The distance of the nth bright fringe from the central maxima is given
by the expression
_ ndD

774 " For 3rd bright fringe n = 3

_ 3x6500%107% 1201072

= =117=10"m
2x10

y
(ii) 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,

ni1D  miaD
d d

5200 4
5

6500

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

) _ 4x6500%1071% %120 %1072
" 2x10°

~156x10"m

Q.10. Monochromatic light is incident on a plane interface AB between two
media of refractive indices n1 and nz (nz2 > n1) at an angle of incidence q as
shown in fig. The angle 0 is infinitesimally greater than the critical angle for the



two media so that total internal reflection takes place. Now if a transparent slab
DEFG of uniform thickness and of refractive index nz is introduced on the
interface (as shown in the figure), show that for any value of nz all light will
ultimately be reflected back again into medium I1. Consider separately the
cases (1986 - 6 Marks)

(i) na<niand
(if) n3 >n1.

MEDTUM I

D:" (o) ...E

‘MEDIUMI
G (n3) ‘F

MEDIUM II
(my)

Solution. KEY CONCEPT : For total internal reflection, the conditions are

The object should be in the denser medium.

The angle of incidence should be greater than the critical angle

Case (i) : When nz < ng

Obviously nz < ny and the angle 0 is greater than the critical angle required for the
ray passing from medium Il to medium I11. Therefore total internal reflection will
also take place when a ray strikes with the same angle at the interface of medium Il
and medium I1I.

Case (ii) : n3>n1 but nz3 <n;

The ray will get refracted in medium III as the angle 6 will now be less than the
critical angle required for medium Il and medium 111 pair.



F

sinf  m

sarm o (Applying Snell's law at P)

H .
sin r= —>sin®
3

Asny=ny So,r>86
When the refracted ray PR meets the boundary DE, it is travelling from a denser

medium to a rarer medium. Therefore the ray will be totally internally reflected at
DE if its angle of incidence r is more than the critical angle for med 11l and I.

n
Since, sinr > E = sinrrsini” = r>i”

Therefore ray PR will be totally internal reflected along RQ.

On reaching Q, the ray will be refracted in med Il. Thus, the ray will ultimately be
reflected back in medium I1.

Q.11. A right prism is to be made by selecting a proper material and the angles
A and B (B <A), 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.

A\R}/

(i) What should be the minimum refractive index n for this to be possible ?




(if) For n = 5/3 is it possible to achieve this with the angle B equal to 30 degrees
? (1987 - 7 Marks)

Ans. (i) V2 (ii) No

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

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

y>ic

L X+y>2ic

But x =z2A and y = £B (from geometry)

L X+y=90°

= 90> 2iC = ic < 45°

The refractive index of the medium for this to happen.

1 L _f
- = -2
™ sinip  sindse

_3
(1) H=3

1 3
51375
¥=307(Given) .. x=
X =i but y<i.

= sinid=—= = id=37°

=N

60°



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

Q.12. 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)

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

(if) Draw a ray diagram showing the positions of both the images.
Ans. (i) -6 mm, -5 mm

Solution. (i) Initially the object is in denser medium and u = o using the formula of
refraction at a spherical surface for AB

M2 M _mM o 43

1 1-4/3

u v R — Y 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.

Uu=—-6-4=-10 mm

Again using the formula of refraction at a spherical surface for CD

B A Bl = S U Vi B
[ 1 1 —_———=
u't v R 0 v 2

=V =-5mm.
The is the position of final image.

(i) Ray Diagram.



Q.13. In a modified Young’s double slit experiment, a monochromatic uniform
and parallel beam of light of wavelength 6000 A and intensity (10/ 1) 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 A, 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)

—_—
_— s
—
— 5
—_—
‘%\F
—_—h
—
L
.
3
—_—
-
R —
—_—

Solution. The power transmitted through A

10
= [m% of[—nm(o.ou1)1= 106 W
™

The power transmitted through B
= |:1{]% Df(ﬂ.”x i x(D.DﬂZ]E =4=106W
T .

Let A be the phase difference introduced by film

2n
L

(path difference introduced by the film)



T
®(u—1)f = ———————[1.5-1]%2000%10-10
A 6000 x 10710 [1>-1]

The power received at F

P=P1+P2+2 HPECUGl'iq]

—106+4x10622 V10 B xdx107F cﬂs%

=7=105W

Q.14. 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 maximum intensities in the interference pattern formed by the two beams
obtained after one reflection at each plate. (1990 - 7 Mark)

Glass
plate

il

Glass
plate

Ans. 1/49

Solution. As shown in the figure, the interference will be between 0.25 | = I, and
0.141=1,

Glass Glass
Flate Flate 1

0.757 0357

018757 \‘\_\
0.147
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Q.15. Two parallel beams of light P and 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. The
refractive index of the prism as a function of wavelength is given by the

p(h) =1.20+ D here 3,
relation. 22 is in A and b ispositive constant. The value of b 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. (1991 - 2 + 2 + 4 Marks)

(a) Find the value of b.

(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. If the
intensities of transmission form the face AC, are 41 and | respectively, find the
resultant intensity at the focus.

Ans. (a) 0.8 x 1014 m?

(b) 27.2°

(c) 9l

Solution. (a) A1 = 4000 A and X, = 5000 A



For total internal reflection to take place, q should be greater than C. For smaller
values of C, the values of m should be high or in other words the value of | should
be small.

Therefore, total internal reflection will be given by
A1 =4000 A
Here, sin 6 = 0.8 (given) = 0 = 53.1°

11
———=—=135
H” sine 038

b —
(4000 x10710y2

= b=08x10*m?

u=12+ 125

(b) Applying Snell's law at N for wavelength A,

sinr 08x1071#
wherep=15+ P —— Tt 1232
(5000x10710)2

H= sini

= 1232= 27 ,_go 3
08
From the figure it is clear that the deviation,
d0=r—-1=80.3°-53.1°=27.2°

(c) The intensities of transmitted beams are 41 and | respectively.



ki

'

Path diff = p(MB)- AN

= 28T 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
I =(,.,I'I_1+,.,I'E)2 =[¢'ﬁ+v"f]2

- @I)? =90

Q.16. 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 p so that the
light entering the rod does not emerge from the curved surface of rod
irrespective of the value of p (1992 - 8 Marks)

Ans. \2

Solution. 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.



4@*3

2

. 1
te, p=—— . .
smC where C is the critical angle.

Here, C=90-

1 1
= M= Gin0°—p) — M= cosp

1
As a limiting case, * cosB ... (i)

Applying Snell's law at A

gin o 510 0L
=snf=—— (i}

H= zin B
NOTE : The smallest angle of incidence on the curved surface is when o = n/2. This
can be taken as a limiting case for angle of incidence on plane surface.

From (ii)

sinm /2

1
=Eo (i)

sin f=

From (1) and (i1), sin B = cos 3
= [ =45°

1 1
= K= cﬂsdﬁ"_lfﬁ = F=‘E

This is the least value of the refractive index of rod for light entering the rod and not
leaving it from the curved surface.



Q.17. In Fig., S is a 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 L1 and Loby 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 S to L; and Lz is 0.15 m while that from
L:and L2 to O is 1.30 m. The screen at O is normal to SO. (1993 -
5+1 Marks)

]‘1
g L v 0 5mm A
y [ 0
E LgT Screen
e Olom 1A

(i) If the third intensity maximum occurs at the point A on the screen, find the
distance OA.

(i) If the gap between L1 and L is reduced from its original value of 0.5mm,
will the distance OA increase, decrease, or remain the same?

Ans. (i) 10°m
(if) increase

Solution. (i) 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:1 and Sy) will behave as
two coherent sources and the further dealing will be in accordance to Young's
double slit experiment.

B L = ¥ -
L, 5
A ,_.-""T ‘i
L,J-o:l"” ¥
- vy I

For lens Ly



The object is S

=—-0.15m, v=?, f=+0.1m

1 1
=—1
01 -015

+

= | -

2 |-
1]

o -
]

E | —

=
S

=>v=03m

A SO10; and A SS1S; are similar. Also the placement of O, and O; are symmetrical
to S

515y _utv
00, u
L S @+N(@0) _(©015+03)

(0.15)
=5S,=d=15x10°m ~D=13-0.3=1m
The fringe width

WD S00x1077x1 1 . 3
=—=_—_3=—)-C1U m
d 1.5%10 3

=~ Therefore,
1 . 3
04=3p=3x 7x10 m =10-3

(i) If the gap between L; and Ly i.e., 0103 is reduced.

Then d will be reduced. Then the fringe width will increase and hence OA will
increase.

Q.18. 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. If the
image Y of the object X is formed by a concave mirror (Having the same axis as
AB) instead of lens, draw another ray diagram to locate the mirror and its
focus. Write down the steps of construction of the ray diagrams. (1994 - 6
Marks)



o X

.l
Solution. (i) Since Y is below of optic axis, therefore the image is real and inverted.
(i) STEPS OF 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 Y10Y zperpendicular to AB.

(2) Draw aray from X, parallel to AB. It strikes Y10Y> at M. Join MY. It cuts AB at
F. This is the focus of the convex lens.

M
X

1
1

K

(if) 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"

-

N ¥

I

]

1

M: T ]:
A O] B
I
¥

Join Y'X and extend the line to meet AB at O. If the 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 X and 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 M to Y. Let it cut AD at F. Therefore, F
Is the focus of concave mirror.

Q.19. A ray of light travelling in air is incident at grazing angle (incident angle
= 90°) on a long rectangular slab of a transparent medium of thickness 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¥2+ 1]¥2, where k = 1.0 (metre) -3/2

L Al
ATR. P(x). %) N
t=10m B(x.¥)
| MEDIUM
a0 AR

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

(a) Obtain a relation between the slope of the trajectory of the ray 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 (x1 ,y1) of the point P, where the ray intersects the
upper surface of the slabair boundary.

(d) Indicate the path of the ray subsequently.



@ L =coti
Ans. &

4
= K2 E)
®) y=k (4

(c) (4m, 1m)
Solution. (a) SLOPE AT P

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 6 with
dy

. : i =—- @
the x-axis. Therefore, the slope at point B is tan @

T

1 1s the angle of incidence at B then according to ABQM

s
itg+—=m

2 .. (i)
Substituting the value of g from (ii) in (i)

n ) dy
1m{5—|]=a = %=cm‘i‘ --. (1)

(b) EQUATION OF TRAJECTORY

According to Snell's law, when light propagates through a series of parallel layers of
different media, then 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]V2...(iv)
Applying Snell's law at O, we get 1 x sin 90° = constant = 1.
Again applying Snell's law at B, we get

nsini=const. = 1 (from above equation)

n= —_—onsecr—‘u'1+mr i= 1+
sini |||

75 1= (2 e

dy 352,172 _dy =k 20

e Ul = = dx (k=1
= o [ly™"] = 37 ( )

.[ 3-."4 Idx

= 4,44 = x + C where C is an integration constant.

Butatx=0,y=0

4
X
=0 .'.4;|.-'1"l4=x :3}—(4]

(c) CO-ORDINATES (x1, y1) OF THE POINT P
AtP,y=1m ~x=4yl/4=4

The coordinates of P are (4m, 1m)

(d) The refractive index at P

np = [Ky32 + 1]¥2 = [1 (1)%2 + 1]*2 =2

If ip is angle of incidence at P then according to Snell's law,

1
npmnp—l —T T =T



Also by Snell's law, nair sin rp = np sin ip

lsinr,= \Ex% =sinr=1 =1, 3
= After emerging from the rectangular glass slab, the light ray becomes parallel to
slab length.

Q.20. A right angled prism (45° —90°-45°) of refractive index n has a plate of
refractive index ni(n: < n) cemented to its diagonal face. The assembly is in air.
A ray is incident on AB.

B B

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

(if) 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)

ayf 1
@) sin I[E{an - —nI}] (ii) 72.94°

Ans.

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

sing

sinr ()



From fig

£APM =180° - (45°+90°-r)=45°+rand C=90°—-(45°+r)=45°-r

The ray after refraction at M enter the prism and strikes its diagonal face AC 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° i 1
- = smn = — ..
m sin ' n (||)

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

[W1-sin? € —sin C]

n ny

2
sini= %[ 1—“—12—"—1] [From (if)]
o i sin] L%{ n2 —nf —nl}}

(if) 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.



sini'

Applying Snell's law at M, we get " sinr

Since ZAP'M =90° 2 AMP =45 = r = 45°

1.352

sini'=nsinr=nsin45%= ﬁ =0.956

=1'=72.94°



Subjective Questions Part -2

Q.21. A double-slit apparatus is immersed in a liquid of refractive index 1.33. It
has slit separation of 1Imm, 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 air is 6300 A. (1996 - 3 Marks)

(i) Calculate the fringe-width.
(i1) 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.

Ans. (i) 6.3x10%m (ii) 1.575x 10° m

Solution.

LD 6300x1070 x133
2 ud 133x107°

Fringe width =

=6.3x 10%m

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

Dt gty
T d m
where, t = thickness of glass sheet.

The shift has to be such that the minima shifts to the axis.

For this the shifting of the fringes should be /2 where b is fringe width



. P

A E] >

d _____________

> }» = [- Minima
L D >

Bt 63x107 %107 x1.33
2(gn—pu) x D 2(1.53-133)=1.33

=1575*10" m=1575=10%m

= t=

Q.22. A thin plano-convex lens of focal length f is split into two halves: one of
the halves is shifted along the optical axis . The separation between object and
image planesis 1.8 m.

The magnification of the image formed by one of the halflenses 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)

4
2
A

18m

'

Ans. 0.4m, 0.6m

Solution.



*
=
v

Givenuz + v2 =18 m ... (i)

The magnification of lens (1) is 2

vy +d
B Hz—d

(i)
From (i) and (ii)
u,=0.6+d, v,=1.2-d

Applying lens formula

1 1 1
+ = —
vo+d uy—d f -..(ill)  for lens (1)
1,11 .
ve Uy - (iv)  for lens (2)

From (iii) and (iv)

1 1 1 1
+ =—+—
vo+d wuy—d vy g

= 1 N 1 _ 1 + 1
12-d+d 06+d-d 12-d 06+d

On solving, we get
=d=0.6m

Substituting this value in (iv)



1,1 1
12-06 06+06 f

~f=04m

Q.23. 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)

Ans. 9.3 x 10%m

Solution.
. 2n 2n
The phase difference §= N Ax= T(jl-i- A)

We know that I (§) = I cos® [g]

3 20 _ 9 T
= =1 =1 cos”— = —=30"=—

A
= E_2Mspia) o ax= =03t
6 1 6

= t=03x10%m

Q.24. A prism of refractive index n1 and another prism of refractive index
N2 are stuck together without a gap as shown in Figure.

The angles of the prisms are as shown. n; and nz depend on A, the wavelength of

4 4
10.8x10 n2=1.45+1'suﬁlﬂ
:JL.'Z

and 2" where A is in

_ _ n =120+
light, according to

nm. (1998 - 8 Marks)




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

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

Ans. (a) 600 nm
()

Solution.

50°

For Mininmmm Deviation

(a) The rays of wavelength Ao 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 Ao. Equating the expressions of n1 and ny, we get

108107 180%107™*
1.20+ —— =145+ :
A AQ

(where Ao IS in nm)



1/2
_[90x10%) 00
o o= oo o

(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 AC
will be r = 30°.

Now sini=nsinr=nsin30°=n/2 .. (1)

The value of n at 600 nm is

n=120+ ':-'50 5—=1.50 (@)
From (1) and (2),

o R (E]
the angle of incidence is "~5% 4

Q.25. 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.

'}".il.

._..;'3.:|= | # d=1.0 mm -
¥

W

Sereen

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

(b) If the 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)



Ans. (a) £0.26 m, £1.13 m
(b) 1.13 m, 0.26 m

Solution. (a) The path difference (Ax) from the ray starting from S; and S, and
reaching a point P will be

Ax =d sin 0

e

——
G = ——"

Q
——
5

We know that the path difference for minimum intensity is

2
2m-1) 3 wherem=1,2,3._.

A
dsin =(Q2m~1) 7

@m-Dr _ 2m-1)05  2m-1
2d 2x1.0 4

— sinf=

Also -1 <sin 6 < 1. Therefore, possible valuesof mare+1,+2,0

From A POQ
y=D tanf = Dsm® (D)
1-sin’#

Positions of minima

1
Form=+1, sinf = 2 andy=026

m=—1, S:iﬂe'=—% and _}*=—113 mn



m=+2,sin9=% o y=+113m
m=[l,siﬂEI=—i S~ y=—026m
(b) WHEN THE INCIDENT BEAM MAKES AN ANGLE OF 30° WITH X-AXIS

Two cases arise as shown by the following two figures.

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

~ Ax;=dsin 0 -dsino  (Case 1)

}

Path difference between ray 1 and 2 reaching P = NS; + S1M

Ax2 =d sin o+ d sin 0 (Case 2)

Position of Central maxima : Path difference should be zero. Therefore
Ax;=0o0r Ax=0

=>dsina=dsin0

= sinf=

bl | b=
Q
I
%]
3



'y
dsin5+dsinm=5

For first minima;

A
= dsqul'=E+aT3cin1:x.

+

|

| =
b | =

sinﬁ=i+sina.=£+ gin 30% =
2d 2x=1

From equation (i), y = 1.15m
For first minima on the other side

-1

dsino +d si.119=% = zin@=

From (i), y=-026m

Q.26. 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 Sz is covered by a thin glass sheet of thickness 10.4
mm and refractive index 1.5. The interference pattern is observed on a screen
placed 1.5 m from the slits as shown in Figure. (1999 - 10 Marks)

[
=

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

(b) Find the light inten sity at poin t O relative to th e maximum fringe
intensity.

(c) 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]

Ans. (a) 4.33 x 103 m

(b) 0.75

(c) 0.65 x10°m, 0.433 x 10% m

Solution. (a) Let the 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,

xd
— X

D

5

- u_g_lﬁr D=(£_1] _ (104x10 )_4;1_5)

T Ha R PYE 04510
=433x107m

~ Phase difference

( ) 5

2 e e 2"3{:[1'—:’—](1{1.“10‘5}
A\ B 6x 107" “4/3

=6.8 rad

$

I
We know that I = I cos? % S cos” (6.8)=0.75



(c) For maximum at O

(pg

) ) = L——l]r
Again path difference “Hm

We know that for maxima, path difference = nA

_(rg
nl—lum }1‘

(ng 1“51_[1.5 1] 104107

s e

= L=
Ho n

H

13x10°m
H

Putting different values of n for find the wave length in the range of 0.4 x 10® m to
0.7 x 10°m we get A=0.65 x 10°® mand 0.433 x 10®m

Q.27. 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 < 0 has a refractive
index V3 . A ray of light in medium —1 given by the vector 4=6V3+&53j _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)

e

52

[31’ +4j'-51€]
Ans.

Solution.

(Fig. 1)

Figure 1 shows vector @M= 631 +84/3]



Figure 2 shows vector 4= 6v3i+8+3) 10k
The perpendicular to line MOM' is Z-axis which has a unit vector of k.

Angle between vector MP aad OF can e found by dot product.
MP. OP = (MP) (OF)cosi

(631 + 8437 10k (- )
J(ﬁﬁf + 83 +(-10)2 +4(-1)?

= o5

= i1=60°
Unit vector in the direction of MOM' from fig. (1) is

P LY R P
[(6v3)2 + (83212 Sitsd

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

V3 _sini_sin60°
‘II'E = . = F=

sinr 5in F

Im':idmr Tay

4 (sinr) n

7 x-y plane n

a,r/ \& ZL VP! :l_cmmk
W4 ”

Befracted ray

Now, r = {s.:inr)ﬁ —(cosr}i

= sin 45%) {%:+%}} —(cos 45"}5&'

1 -~ - -
- [3i+4]—5k]
542



Q.28. A gquarter 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)

P
l—mF.— 'R

Ans. 4/3

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

For plane surface :

Object distance u = - mR

Radius of curvature of the plane surface = oo

The ray is coming from air and incident on the glas.
Here up =1, g2 = 1.5.

B2 _HM_KH2—HM B2_H
v =

Apply — » R . (as R=x)

1.5
Image distance v= By, -2 (—mR)=—135mR
uy LD



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

Here, g2 = 1, g1 = 1.5, Image distance, v = oo,
Radius of curvature = — R

1, 15 _1-15
"o (LSm+1)R -R

Here

Q.29. 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 A'B" is the image after

refraction from the lens and reflection from the mirror, find the distance of
A'B' from the pole of the mirror and obtain its magnification. Also locate

position of A" and B' with respect to the optic axis RS. (2000 —
6 Marks)
A
¥ T T 0
0.6 cm B
*r 5
3 em ok 20 em *

(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 | = 648 nm, obtain the least value of t for which the
rays interfere constructively. (2000 - 4 Marks)

Ans. (a) 15cm, 1/2

(b) 90 nm



Solution. (a) For the lens

A
B qeeeeneransennnnenas F A: ¥ o
] R — 1 i | BU.G?
P © —VAR
ATt
e —

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
size of image = Ex J6=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



1 24

A
Ax=_n=2f+ E

=13

Here A/2 is the path difference as the ray 1 suffer reflection from a denser medium
on surface AB

We known that for constructive interference

Path difference = mA where mis 1, 2,....

A 1
%2t 3 =mh — 2 mm‘={m—i]}\.

henm=1,t= —— = _90nm
THERMTLIT 4 on 4x18

Q.30. 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 6o is made of crown glass. A beam of white light is
incident at a small angle on this prism. The other flint glass isosceles prism is
combined with the crown glass prism such that there is no deviation of the
incident light. Determine the angle of the flint glass prism. Calculate the net
dispersion of the combined system. (2001 - 5 Marks)

Ans. 4°, —0.04°

Solution. For no deviation condition




Now, the angular dispersion produced by crown glass prism dp — 6r = A (b — Hr)
Also the angular dispersion produced by flint glass prism

op' — &' = A" (M — Hur')

=~ Net deviation in blue light

8b = (1 - 1) Al — (ppe- 1)A2

=(151-1)6°-(1.77-1)4°=-0.02°
Similarly Net deviation of red light

or = (1 - 1) A1 — (me2- 1Az

= (1.49 - 1) 6° - (1.73 - 1) 4° = 0.02

=~ Net dispersion = dp — oy = —0.04°

=~ The magnitude of the net angular dispersion = 0.04

Q.31. A vessel ABCD of 10 cm width has two small slits S1 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 S2. A monochromatic light source is kept at S, 40 cm
below P and 2 m from the vessel, to illuminate the 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)



-— "
5i
F
......................... semmmnmmnad O
40 cm ]
gy Im ™ 1om
B [

Ans. 2 cm, 1.0016
Solution. (i) O is the middle point of two slits S; and S.

5152 =d=0.8mm

tanu=ﬂ=£=l_
D, 200 5
111
= — = —— o
SRET 6 51 15

1
=({0.8mm)| | =016 (1)
or AX; =d sin a ( }{5] B

Let R denotes the position of central bright fringe. Net path difference will be zero.
Now AX2 =S2 R- SR or AXs = dsinf ... (1)

For central bright fringe

AX;-AXi=0o0r dsinf-AX1=0

or=dsin=AX;=0.16 mm



0.8)sin 5=0.16 ing 018 1

2 =W smy=-—=—

or  (0.8)sin o 08 5
1 1 1

tanb=—=—=—=sin8 - rg_I2
24 49 5

10
=—=2cm

or -
3

| =

Sl
LA |Ip

Ya =

Hence position of central bright fringe is 2 cm above point Q on side CD.

(i1) p of liquid poured if central fringe is at Q:

I3
100 mm

The liquid is poured into vessel upto OQ.

The central bright fringe is formed at Q.

For central bright fringe net path difference = 0.
(u—Dt=AX1  or(u—1)(100) =0.16
orp—1=0.0016 or p=1.0016

Q.32. 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)

1< = I




Ans. 1.6

Solution. The lens maker formula is

1 f1 113
= fu=1) — — —
f o ](Rl Ry

When the space between the lens and the mirror is filled with water, a system of two
lenses is formed.

(i) a glass lens
(i) a plano concave water lens

For glass lens Here R1 =+ Rand R, =—R

2 ara(y-)-3

For water lens

i=.:1.33,—1)(L _i] _-033
fwe -BF —= R
E R=-R E
Rlw

The focal length of the combination of two lenses will be

1 1.1 _1 033 067

FATATR R R -®

f A /A R R R

A convex lens placed on a plane mirror behaves like a concave mirror. The image is

formed at the object itself if 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 ... (ii)

From (i) and (ii)

1 08T e 1005
5 R 07 em

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

1 1 1 —(u-1
Again —=— and —=M

fi R f! R
where f ' is the focal
length of new liquid lens.

~ New combined lens,

_ 1.1 1 +(u-1 _l-p+l1 2-p

1
F f, /' R R R R —®

For new combined lens,

FO o (ii)

From (i) and (ii)

Q.33. 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)

I: ¥ Screen

hI s
A i L E

(a2) 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) If the intensity at point P corresponds to a maximum, calculate the
minimum distance through which the reflecting surface AB should be shifted so
that the intensity at P again becomes maximum.

Ans. (a) circular

(b) 1/16

(c) 300 nm

Solution. (a) Because S is a point source, fringes will be circular.

I =I(\E—\;'0.36I\IE

04 1
® T \VT+yo367) =[ﬁ) 16

[~ If intensity of light falling on P directly from S is I, then the intensity of light
falling at P after reflection from AB is 0.36 | ]

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

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



] - Screen
i
D
h o5
A ' Y rrrrB

2x = A (for minimum value of x) = x =A/2 =300 nm

Q.34. 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 < Bz < s

u3R
Ans. #1371

Solution. For an object placed at infinity the image after first refraction will be
formed at a distance v

o S o Y o Bl o .
v - +R -

Image afte second refraction will be formed at a distance v;

B3 _H2 _H3i"H2 ;
v M +R ()



Adding (i) and (ii),

H3 M3 -y MR
= W =
vw R 2 p3-m

Final image is formed at the focus when incident rays are parallel.

3R
Therefore, focal length will be '~

Q.35. Shown in the figure is a prism of angle 30° and refractive index *» =3

Face AC of the prism is covered with a thin film of refractive index pr=2.2. A

monochromatic light of wavelength A = 550 nm fall on the face AB at an angle
of incidence of 60°. (2003 - 4 Marks)

Calculate
(a) angle of emergence.

(b) minimum value of thickness t so that intensity of emergent ray is maximum.

Ans. (a) zero



(b) 125 nm

Solution. (a) Using Snell's law at surface AB
Mg 510 60° = p, sin r= ?3 =af3sinr = rF=30°

Now, NN' is the normal to surface AB.
~2 AMN = 90°

But ~ QMN = 30° = ~AMQ = 60°

In AAMQ
£ AQM = 180° — (60° + 30°) = 90°

The refracted 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

S AX=2mt=A,



i = t= 2 125om
where t = thickness n

Q.36. 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.

If after refraction at both the surfaces the ray meets principle axis at P, find
OP. (2004 - 2 Marks)

AnNs. 6.056 m
Solution. Use Snell's law
nisini=nssinr

Here, mj=1,ny= ﬁ,f=45°,r=?

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.

o c
45 ETE

P
A py = _J2 | 1514

Hy =




=~ For refraction at spherical surface, u = o

—
Now, 2 M _MTh
vV R

1.514 1514-1414

04

. or v=06.036m
OF=6.056m

Q.37. In YDSE a light 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)

Ans. 3.5 mm

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

mMD _mhyD om_3g 700 _7

d d ny  hy 300 5
Minimum integral value of n; is 5.

~ Minimum distance of maxima of the two wavelengths from central fringe

Ao D
=M S 700%109%10°=3 Smm.

Q.38. 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)

Ans. 0.09 m/sec, 0.35s1
Solution. f=0.3m,u=-0.4m

Using lens formula

1t

1
—04 03 — v-lim



1 1 1
Now wehave —— — = —  differentiating wrt. ¢
v u f
h ldv, 1du 1 0.01 m/
wehave ———+—5— = ven — = ]
wedt o dr &

: 2
dv 1.20
= [—} = %x 0.01 =0.09m's
dt. (0.4)

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

udv_vdu
dm gt dr

~(0.4)(0.09) - (1.2)(0.01) _

. -035s7"
(0.4)7

Magnitude of rate of change of lateral magnification = 0.35 s,

Q.39. What will be the minimum angle of incidence such that the total internal
reflection occurs on both the surfaces? (2005 - 2 Marks)

Ans. 60°




For total internal reflection in interface CD.

1 _3p_AB

siuf =g —=-"—=—— = [=60°
Jhoam 2

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

Q.40. Two identical prisms of refractive index V3 are kept as shown in the
figure. A light ray strikes the first prism at face AB. Find, (2005 - 4 Marks)

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

(b) through what angle the prism DCE should be rotated about C so that the
final emergent ray also has minimum deviation.

Ans. (a) 60°,
(b) 60°, anticlockwise

Solution. (a) For minimum deviation of emergent ray from the first prism. MN is
parallel to AC

~ £BMN = 60°
= «r =30°

Applying Snell's law at M

sim i

H sinr

sin = sin »



sini= 3 x5in30° ="—

SE

= 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 TM. Thus, the angle of deviation becomes zero.




Match the Following

DIRECTIONS (Q. No. 1-4) : Each question contains statements given in two
columns, which have to be matched. The statements in Column-I are labelled A, B,
C and D, while the statements in Columnll are labelled p, g, r and s. Any given
statement in Column-I can have correct matching with ONE OR MORE statement(s)
in Column-I11. The appropriate bubbles corresponding to the answers to these
questions have to be darkened as illustrated in the following example :

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 bubbles will look like the given.

P qr s t

09000
Oal: 1Ol
000G
P@Oe®

Oow e

Q.1. A simple telescope used to view distant objects has eyepiece and objective
lens of focal lengths fe and fo, respectively. Then (2006 - 6M)

Column | Column 11

(A) Intensity of light received by

lens (p) Radius of aperture

(B) Angular magnification (q) Dispersion of lens

(r) Focal length of objective lens

(C) Length of telescope and eyepiece lens

(D) Sharpness of image (s) Spherical aberration

Ans. A-p; B-r; C-r; D-p, q, s
Solution. (A) — (p).

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

(B) — (9).



fo
f

(€)= (x).
L=fotfe

M:

(D) — () (q)s (r)-
Depends on dispersion of lens, spherical aberration and radius of aperture.

Q.2. An optical 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 I1. Match all the properties of
images from Column Il with the appropriate components given in Column 1.
Indicate your answer by darkening the appropriate bubbles of the 4 x 4 matrix

given in the ORS.

Column | Column 1l

(A) —E ég (p) real image

B) —E § (g) virtual image
() _'S O (r) magnified image
D) —E <{ (s) image at infinity

AnS A'p, q, r, S, B_q, C_p1 q; r! S! D_p’ q’ r’ S

Solution. A-p,q, 1, s |




When th e object is at in finity, a real, inver ted and diminished image is formed at the focus of
the concave mirror.

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

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

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

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

Q.3. Column-I shows four situations of standard Young’s double slit
arrangement with the screen placed far away from the slits S1 and Sz. In each of
these cases S1Po = SoPo, S1P1-S2P1= A/4 and S1P>— SoP2= A /3, where A is the
wavelength of the light used. In the cases B, C and D, a transparent sheet of
refractive index p and thickness t is pasted on slit So. 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 d (P)
and the intensity by 6(P). Match each situation given in Column-I with the
statetment(s) in Column-I1 valid for that situation.

Column-I Column-II
|
5, P
A -I— P, (p) 8(Po) =0
1

5
|

S Pi
®B) (u—l}r=ms{* Po (@8 (P1)=0
1

= P,
z P,
© “‘“JFMS_L' %o M1 (P)=0




(=]

o o

a | (8) 1(Po) > 1(P1)

3,
@ (u-1)1=304 g q’L

() I(P2) > 1 (P1)

Ans. A-p, s; B-q; C-t; D-r, s, t

Solution.
5 122
..P]
PIII
5

For path difference A /4 , phase difference is /2 .
For path difference A/3 , phase difference is 2n /3 .
Here, S1Po - S2Po=0

%0 (Po)=0

Therefore, (p) matches with (A).

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

I(By) =1 + I3 + 2,1 | cos0°
2
=(Jh+ {0y =@+ ) =41,

I(R)=0+L+2 /0T, msg

=Il+IE=Iﬂ+ID =2In



I(B) =1+ I+ 2/l |JI, cos(2n/3)

=h+L- LI =L+ Ij-Ij =],
I{(Ry) = I(R)

Therefore, (s) matches with (A).

(B)
Sl 1P,
“P]_
Fy
51
r Sp, =
S = =08 =g

I(B)=h+I+2Jl I cosn/2
=I1+I2 =Iﬂ +Iu =21n

I(R)=h+5L+2I /I, =4Iy
I(B) =L +1,+2/I, /I, cosn/6

=I1+I2+J§£JE

=L +I+B31; =2+3)

Therefore, g match with (B)

(©)
Szll TF 2
s Pl
Py

5




Here 5(R)) = —A/2: 8(B)=-A/4. 8(B) =-L/6
I(Ry) =1 +I5 + 2/} \/T; cos(-m)

=n+L-2(L [T, =Ty + Iy - 215 =0
I(R) =1 + I + 2y} |/l cos(-n/2)

=I1+Ig =Iﬂ +Iﬂ=210
I(B)=h+I+ zﬁ.jﬂms[— ;]

=h+I +\|".F1~|"I_=I.|}+Iu+f.|]=3ln

s~ 1 (P2) > 1 (P1)

(t) matches (C).

(D)
55 l TF:
TP,
Fy
5

Here 5By = 3A/4;8R = —L/2;6P = —5L/12

-3
I(R)=h+D +3ﬂ£f“5[7ﬂ
=h+L=Ii+I=2I

I(R) = I + I + 2|1 \J/T; cos(—m)
=L+, -2 JI, = I+ I, - 2Ty [T =0

I(Fy) = I + I + 2,/ [T cos[-5m/ 6]



=L +5 -3} L, =(2-B)1
(n), (s), (t) matches (D).

Q.4. Two transparent media of refractive indices p1 and ps have a solid lens
shaped transparent material of refractive index p. between them as shown in
figures in Column I1. A ray traversing these media is also shown in the figures.
In Column I different relationships between p1, 2, and p3 are given. Match

them to the ray diagrams shown in Column Il.  (2010)
Column | Column 11
/\
(A) p < p2 ®) By iy
B) w >
(B) p1> pe @ .
(C) p2=ps CIEN )“ -
3 Ll 1
D) u >
(D) p2 > ps ® /
iy 2% Ky
Vool
U] / \
Hy Hy By




Ans. A-p, 1; B-q,s,t; C-p, 1, t; D-q, s

Solution. (a) When p1 < po, the ray of light while entering the lens will bend towards
the normal. Therefore p, r are the correct options

(B) When p> 2, the ray of light while entering the lens will bend away from the
normal. Therefore q,s,t are the correct options.

(C) When 2 = us, the ray of light while coming out from the lens does not deviate
from its path. Therefore p,r,t are the correct option.

(D) n2> s, the ray of light coming out of the lens deviates away from the normal.
Therefore q,s are the correct options.

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

Q.5. A right angled prism of refractive index p1 is placed in a rectangular block
of refractive index p2, which is surrounded by a medium of refractive index ps3,

as shown in the figure. A ray of light ‘e’ enters the rectangular block at normal

incidence. Depending upon the relationships between p1, n2 and ps, it takes one

of the four possible paths "ef’, ‘eg’, ‘eh’ or 'ei".

Match the paths in List | with conditions of refractive indices in List Il and
select the correct answer using the codes given below the lists: (JEE Adv.
2013)

List | List 11

P.e—f 1. 1 >2p2

Qe—g 2. n2>pg and p2 > p3




R.e—h 3. =2

S.e— i 4 iy 2y andpy >
Codes:
P Q R S
(2) 2 3 1 4
) 1 2 4 3
(©) 4 1 2 3
@ 2 3 4 1
Ans. (d)

Solution. e — 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 p > ps.

e — g. As there is no deviation of the ray as it emerges out of the prism, po = .

e — h. As the ray emerges out of prism, it moves away from the normal. Therefore
w2 < wa. As the ray moves away from the normal as it emerges out of the rectangular
block, therefore p > pa.

e — 1. At the prism surface, total internal reflection has taken place. For this

h
457> 2

sin By
~-ml >~2 py. (d) is the correct option.

Q.6. Four combinations of two thin lenses are given in List-1. The radius of
curvature of all curved surfaces is r and the refractive index of all the lenses is
1.5. Match lens combinations in List-1 with their focal length in List-11 and
select the correct answer using the code given below the lists. (JEE Adv.
2014)

List - | List - 11

1.2r




3.—r3.—r

|

Codes:

(a) P-1, Q-2, R-3, S-4
(b) P-2, Q-4, R-3, S-1
(c) P-4,Q-1,R-2,S-3
(d) P-2, Q-1, R-3, S-4

Ans. (b)



Similarly, we can either find or do not find the remaining options (b) is the correct
option.



Integer Value of Ray

Q.1. 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

mas
i5

changes from m25 to m50. The ratio "5° (2010)

Ans. 6

Given =+ 20cm Alsom= L
. f+u
Solution.

20

oMy _20-25 30
. 20 -5
20-50

Hisp

Q.2. A large glass slab (n= 5/ 3) of thickness 8 cm is placed over a point source
of light on a plane surface. It is seen that light emerges out of the top surface of
the slab from a circular area of radius R cm. What is the value of R?  (2010)
Ans. 6

Solution. In the figure, C represents the critical angle

Pe—R—s-

L

*




Q.3. Image of an object approaching a convex mirror of radius of curvature 20
m along its optical axis is observed to move from 25/3 m to 50/7 m in 30
seconds. What is the speed of the object in km per hour? (2010)

Ans. 3

Solution. Using mirror formula for first position

p

object :&\\\Image
25
uy="wy= ?cm,f = +10cm

1,11 3.1 1
v u fr 25 uw 10 -@=0m

Using mirror formula for the second position

1 1 1 7 1 1 1 1 7

— e — — —_— — i — — e —— —

vy u f 50 uy 10 wy 10 50
H2=—252|II.

Change in position of object =25 m

25 18 .
Speed of abject = o X ——=3kmh !

Q.4. Water (with refractive index = 4/3) in a tank is 18 cm deep. Oil of
refractive index 7/4 lies on water making a convex surface of radius of
curvature ‘R =6 cm’ as shown. Consider oil to act as a thin lens. An object ‘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)



Ans. 2
Solution. For the convex spherical refracting surface of oil we apply

B o R o o
u v R

-
I I ]
#0
2 cm

T

"

l o7 water

~v=21lcm

For water-oil interface

~V'=16 cm.
This is the image distance from water-oil interface.

Therefore the distance of the image from the bottom of the tank is 2 cm.



Q.5. A Young's double slit interference arrangement with slits S1 and S2 is
immersed in water (refractive index = 4/3) as shown in the figure. The positions
of maximum on the surface of water are given by x2 = p2m?2).2 — d?, where | is the
wavelength of light in air (refractive index = 1), 2d is the separation between the
slitsand m is an integer. The value of pis  (JEE Adv. 2015)

Solution. For maxima
Path defference = m\

SgA — SlA = mA

e Pl

S,

[(;:-1)«.!'52 +x2 +4d? +x2]—Jd2 I
(n—1)J(d” +x) =mh

(%—1}\4’d2+x2 =mh



Vd? & x? =3mh

d? +x? = 9m?p2
x2=9mH2l-d?
p2=9 = p=3

Q.6. 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
M1. When the set-up is kept in a medium of refractive index 7/6, the

‘ﬂ
magnification becomes M2. The magnitude M IS (JEE Adv. 2015)

[, |
S

r £

50cm

Ans. 7

Solution. Applying mirror formula

1 15410 5 -1

v 150 150 30

v=—30cm

f=—10cm f,=+10cm

15cm

30cm—
= S0cm

v




For convex lens u = |2f|
Therefore image will have a magnification of 1.
When the set — up is kept in a medium

The focal length of the lens will change

() g 1
s \n ) _m 117

1 =
Ly )10 [1.5 —1]
7ol 776

Applying lens formula

1 1 1
—_—— = = v=140cm.

v 20 175
_y_ 10,
M}= Magnification by lens % —20
M,| |Mmirrorx 0} |
Now | A7 |~ | Mmirror= M, |~

Q.7. 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 0(n) with the normal (see the figure). For n = 3 the value of q
da

- =m.

is 60° and da

The value of m is (JEE Adv. 2015)



Ans. 2

Solution. Here £MPQ + £ZMQP = 60°. If zMPQ =r then £LMQP
=60—r

Applying Snell’s law at P

sin60° =nsinr ..(i)

Differentiating w.r.t ‘n’ we get

i dr
O=smr+ncosr= —

an (i)

Applying Snell’s law at Q
sin 0 = n sin (60° —r) ...(iii)

Differentiating the above equation w.r.t ‘n’ we get

dﬁ . o o —E
cmﬁa=sm(ﬁﬂ — ¥} + ncos (60° —r) dn

- i i [ ta.uri|
scos B i =sin (60° —r) —n cos (60° —rF) .



[from (ii)]

df 1
an cos® [sin (60° —r) + cos (60° —r) tan r] ...(iv)

From eq. (i), substituting n = V3 we get r = 30°
From eq (iii), substituting n = V3 , r = 30° we get 6 = 60°
On substituting the values of r and 6 in eq (iv) we get

de 1

dn  cos60° [sjn 30° + cos 30° tan 30°] = 2
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