HC VERMA Solutions for Class 11 Physics Chapter 17 Light Waves

Question 1
Find the range of frequency of light that is visible to an average human being (400 nm < A <700 nm).

Solution 1

v=fx4d
—_— L:I

Jﬁnnx B Amin

9 w8
PA” _ 755 1014

fmax = 505107 Hz
1K

fmin =

"H':'!Hﬁ.t‘

3108 ;
foin = ——— =43 x 10%*
700103 Hz

So, Range of frequency
43 x10Hzto 7.5 x 10**Hz

Question 2
The wavelength of sodium light in air is 589 nm. (a) Find its frequency in air. (b) Find its wavelength in
water (refractive index=1.33). (c) Find its frequency in water. (d) Find its speed in the water.

Solution 2

(a) v=fxA4

3x 108 = f,,,. % 589 x 10~%
fair =509 x 1014

Agir
Amea = ——
(b)
. 589
= 1,331.1”1
Aneg = 443
nm

(c) fair = f“'“”"[-:frequency depends only upon source, not an medium]
Fvarer = 5.09 x l{]“HZ

v=-
(d) *
_ 3x10°
T 1.33

v = 225 x 108 /¢

Question 3
The index of refraction of fused quartz is 1.472 for light of wavelength 400 nm and is 1.452 for light of
wavelength 760 nm. Find the speeds of light of these wavelengths in fused quartz.

Solution 3
(.

v=-

A



For‘;l =400 nm; p = 1472
_ 3 % 108
Y= a2
. — g
v=2.04x 10 m/s
For‘;l =760 nm; p = 1472
. 3 10%
T 1452
P 2
v =2.07x 10 m/s

Question 4
The speed of the yellow light in the certain liquid is 2.4x108m/s. Find the refractive index of the liquid.

Solution 4
o

'H=E

3 x 108
2.4 x 108

H =125

H:

Question 5

Two narrow slits emitting light in phase are separated by a distance of 1.0 cm. The wavelength of the
light is 5.0x10"m. The interference pattern is observed on a screen placed at a distance of 1.0 m. (a)
Find the separation between the consecutive maxima. Can you expect to distinguish between these
maxima? (b) Find the separation between the sources which will give a separation of 1.0 mm between
the consecutive maxima.

Solution 5
(a) d=1cm=1x10"%m
A=5x10""m
D=1m
DA
—d
1x5x1077
T 1x1072
B=5x10"%m
B ~0.05mm
(b)ﬂ =1mmD=1m; A=5x10""m;d =77
DA
—d
lxm_a_l><5><lﬂ‘?
)
d=5x10"%m

4 =0 5mm



Chapter 17 - Light Waves Exercise 381

Question 6

The separation between the consecutive dark fringes in a Young's double slit experiment is 1.0 mm.
The screen is placed at a distance of 2.5 m from the slits and the separation between the slits is 1.0
mm. Calculate the wavelength of light used for the experiment.

Solution 6
f=1mm:D=25m;d=1mm

_Da
F= d
1x1073 = 25 x4

T 1x 1078

— -7
A=4x107"
A =400 nm
Question 7
In a double slit interference experiment, the separation between the slits is 1.0 mm, the wavelength of

-7

light used is 5.0 x 10 m and the distance of the screen from the slits is 1.0m. (a) Find the distance

of the centre of the central maximum. (b) How many bright fringes are formed in one centimeter width
on the screen?

Solution 7
d=1mm; A=5x10"7"m;D=1m
E D

(a) distance=2 24
_1x5x 10°7
T 2x1x1073
=25 x10"*m
=0.25 mm )
DA 1x5x1077
b) Fringe width=ﬁ E lo—*® mm
(b) Fring _
1%10~2

No. of fringes obtained in 1 cm=2-5%10"2=20 fringes.

Question 8

In a Young's double slit experiment, two narrow vertical slits placed 0.800 mm apart are illuminated
by the same source of yellow light of wavelength 589 nm. How far are the adjacent bright bands in the
interference pattern observed on a screen 2.00 m away?

Solution 8
d=08mm:A=539nm;D =2m

DistancAe between consecutive bright
n
A==

_ 2%5B9x107F

T paexlo-®

— -3
=147 x 10 m

=1.47 mm



Question 9
Find the angular separation between the consecutive bright fringes in a Young's double slit experiment

with blue-green light of wavelength 500 nm. The separation between the slits is 2.0x10-3m"

Solution 9

_4
=3

Angular fringe width,
_ 500 x 10~%

~ 2x 1078

@ =5 % 107° radian

180°
=25 %1075

@ = 0.014°

Question 10

A source of light emitting light of wavelengths 480 nm and 600 nm is used in a double slit interference
experiment. The separation between the slits is 0.25 mm and the interference is observed on a screen
placed at 150 cm from the slits. Find the linear separation between the first maximum (next to the
central maximum) corresponding to the two wavelengths.

Solution 10
Ay =480nm; A, =600nm;d =025mm&D =15m

Da
Distance of first maxima from center=d

2=y =2 (A2~ %)
Linear separation between first maxima, ~ ~ 17a !

_ 1.5(600 —450) x 107%°
N 0.25 x 1073
- EI.?Zm

m

Question 11
White light is used in a Young's double slit experiment. Find the minimum order of the violet fringe
(A=400 nm) which overlaps with a red fringe (A=700 nm).

Solution 11
Central maxima for both wavelength forms at same position at centre of screen.

R
Let mt" maxima of violet coincides with nt maxima of red light.

md, = ndg
m ® 400 =n = 700
m 7

n 4
Least value of mis 7.

Question 12
Find the thickness of a plate which will produce a change in optical path equal to half the
wavelength A of the light passing through it normally. The refractive index of the plate is u.



Solution 12

A= (u— 1)t
S = -
oA
21
Question 13

A plate of thickness t made of a material of refractive index p is placed in front of one of the slits in a
double slit experiment. (a) Find the change in the optical path due to introduction of the plate. (b) What
should be the minimum thickness t which will make the intensity at the centre of the fringe pattern
zero? Wavelength of the light used is A. Neglect any absorption of light in the plate.

Solution 13 _

(a) Change in optical path=# ~ 1)t

() = bt

(n—1)i
2

For minimum thickness, D-1 will be formed.
2x1-1)4
- 2 =(pu—1)t

= (- Dt

. A
S 2(u—1)
Question 14
A transparent paper (refractive index=1.45) of thickness 0.02 mm is pasted on one of the slits of a

Young's slit experiment which uses monochromatic light of wavelength 620 nm. How many fringes will
cross through the centre if the paper is removed?

Solution 14
A=(u—1)t = 4.,

r . d A
145 — 10002 % 1073) == v x -
( X )= yx
rx A
0.45 x 0.02 x 1073 =222
o 0.45 % 0.02 %1073
YT e0x10°
y=1458
Hence, 14.5 fringes will shift.
Question 15

In a Young's double slit experiment using monochromatic light, the fringe pattern shifts by a certain
distance on the screen when a mica sheet of refractive index 1.6 and thickness 1.964 micron (1
micron=10-°m is introduced in the path of one of the interfering waves. The mica sheet is then removed
and the distance between the screen and slits is doubled. It is found that the distance between the
successive maxima now is the same as the observed fringe-shift upon the introduction of the mica
sheet. Calculate the wavelength of the monochromatic light used in the experiment.



Solution 15
Distance moved by fringes after introduction of slab

. d
A={u—1Dt=—.y
(p—1) oY

~ (u= 1D

Now, distance of screen is doubled, new fringe width
D =2D

- D'a

= d

. 2DA
od

Given,

y=£§

(u—1)tD _ 2DA
d T d
(u—1)t

A=—"

2
- (1.6 — 1)(1.964 x 107%)
B 2
4 =589.2 nm
Question 16

A mica strip and a polysterene strip are fitted on the two slits of a double slit apparatus. The thickness
of the strips is 0.50 mm and the separation between the slits is 0.12 cm. The refractive index of mica
and polysterene are 1.58 and 1.55 respectively for the light of wavelength 590 nm which is used in the
experiment. The interference is observed on a screen a distance one metre away. (a) What would be
the fringe-width? (b) At what distance from the centre will be the first maximum be located?

Solution 16
Da
@" =
_ 1x590 % 107°
012 x1072
—_ —4
f=49x10 m
(b) No. of fringes shifted
Path difference dL_Je to sheets,
A= {#m - l}t - {Jup - l}
= {Pm - Pp}
= (158 —1.55) x 0.5 x 1073

£ y=0015 x 1073
D

m
_ 0.015x 1073 DA

X
A d



0.015 x 1073
y=

590 x 1077 °
v = 25.43f
25 Fringes will be shifted completely

R-o

L H B-254 ﬂ‘“*"ﬁ% 0s1P

-_— il 3_1_&

—

Position of first maxima on one side= 0.43(3
=043 x491x 107

= 21113 x 10™*m

=0.021 cm
and on other side=0.57f3
=057 x4.91x 107%

~0.028 cm

Question 17

Two transparent slabs having equal thickness but different refractive indices u, and u, are pasted side
by side to form a composite slab. This slab is placed just after the double slit in a Young's experiment
so that the light from one slit goes through one material and other slit goes through the other material.
What should be the minimum thickness of the slab so that there is a minimum at the point pg which is
equidistant from the slits?

Solution 17
Path difference at centre of screen
A= (py — Dt — (up— Dt

A= (py — po)t
Minima is formed at the centre of screen
(2n—1)4
A== = — )t
_ (2n-1)a
2(py — p2)
For minimum thickness, n=1
A

ft=————-
2(py — pz)



Question 18

A thin paper of thickness 0.02 mm having a refractive index 1.45 is pasted across one of the slits in a
Young's double slit experiment. The paper transmits 4/9 of the light energy falling on it. (a) Find the
ratio of the maximum intensity to the minimum intensity in the fringe pattern. (b) How many fringes will
cross through the centre if an identical paper piece is pasted on the other slit also? The wavelength of
the light used is 600 nm.

Solution 18

iNglcD

fl = fj =1
(a) ?
Iax {.\"I'f_l-l_ \"I"r_:}_
fmi:'z {:\."'f_l_ \."'I_:}:
e -
I—++1)°
Imaz _ {‘J s 'V )
'sz'n B - 'E T4 2
{'\Il 5 — VD)
'Fmﬁ.r — %
'ir:l:nz':'z 1

(b) Initially path difference at center of screen=w — e

A= (145 — 1)(0.02 x 10~3)
d

5+¥ = 045 X 0.02x 1073
 90x 1077 DA

Y=""3 d
90x1077

Y = 500x 10-°

v =15f8

So, B-15 is formed.

Now, when identical paper piece is pasted, path difference at center will be zero. So, B-0 will be
formed.

Hence, 15 fringes will shift.

Question 19

A Young's double slit apparatus has slits separated by 0.28 mm and a screen 48 cm away from the
slits. The whole apparatus is immersed in water and the slits are illuminated by the red light (A=700
nm in vaccum). Find the fringe-width of the pattern formed on the screen.



Solution 19

Fringe width
_Da
B = ud

_ (0.48)(700 x 107%)
T (L33)(0.28 x 1079

— —3
=9x107%

B

0.9 mm

Question 20
A parallel beam of monochromatic light is used in a Young's double slit experiment. The slits are
separated by a distance d and the screen is placed parallel to the plane of the slits. Show that if the

g
8 = sin~t{—
incident beam makes an angle {'Ed} with the normal to the plane of the slits, there will be a

dark fringe at the centre Po of the pattern.

Solution 20

Path difference between waves meeting at center of screen will be due to pre-slit path difference.
A=dsing

A
= d{_ﬁ)
A==

2
So, dark fringe is obtained at centre of screen.

Question 21

A narrow slit S transmitting light of wavelength A is placed a distance d above a large plane mirror as
shown in figure. The light coming directly from the slit and that coming after the reflection interface at
a screen X placed at a distance D from the slit. (a) What will be the intensity at a point just above the
mirror, i.e., just above O? (b) At what distance from O does the first maximum occur?



S
|
0

I . 5 2

Solution 21

(a) The phase of a light wave reflecting from plane mirror will change by .
At point just above O, the Ppath = ﬂand Preg =T

Pner — Pparh + Pref

Pnee = T

So, minima is formed i.e., zero intensity.

(b) Let y distance above O, maxima is obtained at point P.
Ppet = fﬂpﬁr‘h + '{F':l'af

2
Pree = T{EEP—SlP} +m

2m 2d
Pner = T (E '}’) +m

For maxima, ¥net = 217

5 _4-mi -
nrr—Dﬂ VT

Put n=1 for ¥ min
i dmed
2{-1}71- = ﬁ}"min +

Da

Ymin = E
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Question 22

A long narrow horizontal slit is placed 1 mm above a horizontal plane mirror. The interference between
the light coming directly from the slit and that after reflection is seen on a screen 1.0 m away from the
slit. Find the fringe-width if the light used has a wavelength of 700 nm.

Solution 22
Fringe width,
_Da

T od
_ (1)(700x 107%)
o (2x1x107%)

B =035 mm

Question 23

Consider the situation of the previous problem. If the mirror reflects only 64% of the light energy falling
on it, what will be the ratio of the maximum to the minimum intensity in the interference pattern
observed on the screen?

Solution 23

Intensity of light from source =1

_ 84, 1al

Intensity of light after reflection 10 s

jr;l:n:z_r _ {\I'I"F_l + '\I'I"r_:}:

'sz'u {-\."'f_l - -\."'f_j]:
= e,

T+ |—)?

'r:'mz.r _ {'\I 3 35}

f:lm':'z T et 2
(WI J =)

Imnx — g

'Fm:';'z 1

Question 24

A double slit S-S is illuminated by a coherent light of wavelength A. The slits are separated by a
distance d. A plane mirror is placed in front of the double slit at a distance D4 from it and a screen X is
placed behind the double slit at a distance D, from it. The screen X receives only the light reflected by
the mirror. Find the fringe-width of the interference pattern on the screen.



Solution 24
Distance between slits=d
Distance between apparent sources and screen

_Dy + D, + D,
_2D, + D,
D
Fringe width h= d
_(2Dy +D5)4
B d
'::511-' A
/
&) .
r 3
J , Gy
‘®_ Y OF
D —— D =24 RS
4eeen A ppa!
Coprids
Question 25

White coherent light (400 nm-700 nm) is sent through the slits of a Young's double slit experiment.
The separation between the slits is 0.5 mm and the screen is 50 cm away from the slits. There is a
hole in the screen at a point 1.0 mm away (along the width of the fringes) from the central line. (a)
Which wavelength(s) will be absent in the light coming from the hole? (b) Which wavelength(s) will
have a strong intensity?



|
_—-—u-l:r.SIm[

- S0em 1
Solution 25
(a) The wavelength which forms dark (minima) at hole will be absent.
d
A=—.¥
D }
(2n—-1)4 d
2 D7

Lo 2 (05x107%)(1x107%)
T (2n—-1) (50 x 1072)

A =——x1000
(Zn—1) nm

For n=1, A=2000 nm

For n=2, A=667 nm

For n=3, A=400 nm

Thus, 667 nm and 400 nm are absent in the range of (400 nm-700 nm).

(b) The wavelength which forms bright (maxima) will have strong intensity.
d

A= E}
d

nid = Y
ld

A=npY

_ 1(05 x107%)(1 x 107%)
T n (50 x lﬂ_:}
__looo

7 (in nm)
For n=1; A=1000 nm
For n=2; A=500 nm
For n=3; A=334 nm
So, in Range of (400-700 nm) , light of wavelength 500 nm will have maxima.

Question 26

Consider the arrangement shown in figure. The distance D is large compared to the separation d
between the slits. (a) Find the minimum value of d so that there is a dark fringe at O. (b) Suppose d
has this value. Find the distance x at which the next bright fringe is formed. (c) Find the fringe-width.
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Solution 26
e
T - — —
\ f‘bei i
- ol 'IP -7 g
B e =y
______._-4' A - '_‘:___._-——"'5 .é-""'"'.
_.—--—'—"""-:.I
..———""-."
(a) For minima at O
ﬂ_{Zn—l}ﬂ
- 2
(AB+BG}—{AG}=M
e _(2n-1)2

z(vﬂ +d D)——z

d?\: | (@n-1a
20 (1+F) -1 ==

By binomial expansion

2D 2
d_: _ 2n— l]ﬂ
D 2
For minima d, n=1
dmi?z = ||E
\| 2

(b) At point O, D-1 is formed

2D (1 +£d—j)— 1] = (2” £ 1);{



Bright fringe next to D-1 will be B-0.

So, point at which path difference is zero B-0 will be formed.
By symmetry the point is in front of slit B.

So, minimum distance x=d.

(c) distance between B-0 and D-1 is d

B _

5= d
B=2d
Question 27

Two coherent point sources S1 and Sy vibrating in phase emit light of wavelength A. The separation

between the sources is 2A. Consider a line passing through 32 and perpendicular to the line S1,S..
What is the smallest distance from Sz where a minimum of intensity occurs?

Solution 27

X Do

: B0
S Oy @ -1 (o togirety)

Let point P at distilnce x will have minimum intensity i.e., D-2

3

Path difference=2
5 P—5.P= 3
1 2P =75
—_— 34
VA +x*—x= £l
- - 3“1 -
415 +x° = {_? +x)°

= = 9‘1_ 5
44+ x- =T +x-+ 3dx

74

X=E

Question 28



Figure shows equidistant slits being illuminated by a monochromatic parallel beam of light.

Lot BPo — APy = 1/3

and D>>A. (a) Show that in this case

J2AD/3

at Po is three times the intensity due to any of the three slits individually.

¢
{4
A
—- l [ Pq.
s D &
Solution 28
(a) Path difference 20 ~4Fo=4/3
¥ b ] A
VD*+d*-D =3
D l+d:i 1 —A
hE T3

By binomial expansion

l_,:{
3

(b) Path difference between wave from slit Aand C is
ﬂ[ﬂz CPD - APD

ﬂCA: Vv D: + {Zd}: —D

[ERT

4q°
"ﬂfﬂ: D[(l"‘ D: ) - l]

By binomial expansion

A —D[l+l4d: 1]
ca— 2 D2

A _Ed:
ca=p
21
Apg= 2{_?}

_ZIrﬁ
Bea= 7 ea

(b) Show that the intensity



A 3
8 , T
Pca = 3 @ (2m + ?}
2w
$ca= ?

2mr A
_T{E}
2
Pps = 3

By superposition principle

--ﬁ’b r;.d'

o> ;
R 28’ e
'?In= X

Ie=(I*+ (21 %+ 2(I(2I) cos120°

I =3I

Thus, the resultant intensity is three times the intensity due to the individual slits.

Question 29

In a Young's double slit experiment, the separation between the slits=2.0 mm, the wavelength of the
light=600 nm and the distance of the screen from the slits=2.0 m. If the intensity at the centre of the

central maximum is 0.20 W/m?, what will be the intensity at a point 0.5 cm away from this centre along
the width of the fringes?

Solution 29
W
I=02 o id=2mm=2%x10"3%m; A =600 nm;D = 2m

For point at positriion, y=0.5cm
Path difference=D""

2 % 103
- {;"‘T}m.s x 1072)

A=5x 1076

_I7 A
Phase difference, i’
2
=—— (5% 10°¢

6 x l[]_?{' )

B S0m 2

=167 4+ —
3 T3



_er
95_3

Ip =Iycos :'[:%5}

— 02 2¢ er}
= Beres i3

_ 0.2
4
Iz = 0.05W /m?

Question 30

In a Young's double slit interference experiment the fringe pattern is observed on a screen placed at
a distance D from the slits. The slits are separated by a distance d and are illuminated by
monochromatic light of wavelength A. Find the distance from the central point where the intensity falls
to (a) half the maximum, (b) one fourth of the maximum.

Solution 30

Iy =1Iycos :'[:?j'
(a) .

0 . @
5 = Iycos -{E]

1 os]
E—CDS(E}
qb_rr
2 4
T 2w
1
A=7
d A
DY Tg
~_Di
Y= 4d
o
Iy =1 2z
J(,b) w = Ipcos , '[_:}
o _ 2p¥
4—IDCUS {_2]
1 )
5 = cos(z)
qb_rr
2 3
2 2w
i
ﬂ _
3



=R

V=

3
- Da
Y¥=34
Question 31

In a Young's double slit experiment A=500 nm, d=1.0 mm and D=1.0 m. Find the minimum distance
from the central maximum for which the intensity is half of the maximum intensity.

Solution 31
Iy = JTDCGS:{%}

I )
§D=fu'55‘5‘{_§}
1 @
— = COs—
7 ﬂz}
qb_rr
2 4

T 2w

=—=—.£‘.

¢ 2 A

A
ﬁzi
d A
pY T2
D
Y= 4d
_ (1)(500 x 107%)
T 4(1x107%)

R -4
y=125x10"*%

Question 32

The linewidth of a bright fringe is sometimes defined as the separation between the points on the two
sides of the central line where the intensity falls to half the maximum. Find the linewidth of a bright
fringe in a Young's double slit experiment in terms of A, d and D where the symbols have their usual
meanings.

Solution 32
Distance of the point from central maxima where intensity falls by half.

Iy = JTDCGS:{%}

> I.}cﬂsz{E}
1

E = cos {E}
¢ m

2 4



T
¢=z=7"°
A
A=32
d A
07 =1
DA
Y=
Line-width= 2y
DA
= 2(_@)
DA
T 2d
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Question 33

Consider the situation given in the figure. The two slits S1 and S, placed symmetrically around the
central line are illuminated by a monochromatic light of wavelength A. The separation between the slits
is d. The light transmitted by the slits falls on a screen Xplaced at a distance D from the slits. The slit
Ss is at the central line and the slit S4 is at a distance z from S3 Another screen X, is placed a further
distance D away from 2. Find the ratio of the maximum to minimum intensity observed on 2, if z is

|
R IS S4 1'

X I{‘ |

S3
llSz
Sq Sz
: D : D L)
Solution 33
Da E

(a) 2d 2
At /2 distance from central maxima, minima will be obtained.
So, intensity from S4=0
Imax _ {:\,"4}' + \'aﬂ::': _

=— — =1:1
'sz'n {_\"Iq'f - '\"Iﬂ}'

Di
E = — =
N
At B distance from central maxima, first order bright will be obtained.

So, intensity from Se=4



Iax {:,”.'ﬁ + \'aﬁ}:
= — —— = (w4
'sz'n {:\"Iq'f - '\"I‘l'f}'

Da

E=—
(C) 4d
ﬂ_d1_dﬁ%

“0Y D44
ﬂ_ﬂ

T4

_ 21 o
¢_A'4_2

— T —
So, intensity ats"‘ =1+1+2yI.Icosm/2 =21

Now,
Dax _ (4TI +2I)? _

= =34
'ir:l:ni:'z {."."I‘:l'f - ".l'lzf}'

Question 34

Consider the arrangement shown in figure. By some mechanism, the separation between the slits

Sz and S4 can be changed. The intensity is measured at the point P which is common perpendicular
o

F =
bisector of S1 Sz and Sz S4. When 24 the intensity measured at P is |. Find this intensity when z
is equal to
pi  3pi 20

(a)2, (b) 24, (c) @

— S S
T ™ I 2 P
—_— g
— .|.
S, Sy
f D t D I
Solution 34
z=2%
(a) 2d
DA
Distance of slit 53 and Sa from perpendicular bisector is y=24,
4y =4 (281
D \2d 2

.
Path difference from ~1and>2 wave at S3_p
i

Similarly, at Ss path difference=2
i.e., dark fringes are formed at 53 and 54.

So, intensity of light at 53 and Ss are zero.
Hence, intensity at P is also zero.



304

7=
(b) 2d
3DA
Distance of slit 53 and Sa from perpendlcular blsector |§ y= ff;
3D 3
Zy=
Path difference from S1and>2 wave at > 3=? ) %,
34
Similarly, at Ss path difference= +
i (3.1) 3_11
Phase difference at 53 and s will be= n :
D _oi_
When ™ 24, j.e., distance from perpendicular bisector is 2>%
ﬁ_d 1_d(Dﬂ)_A
“p Y Dp\aa) T
2 A 4
fjb - _ ==
A4 2 intensity was | at point P.
am
At phase difference 2 , intensity at point P is .
2DA
C - d
(c) oi

Distance of slit 53 and Ss from perpendicular bisector is y= d

So, at 53 and 54, bright fringe will be formed.
Intensity at P is 2I.

Question 35
A soap film of thickness 0.0011mm appears dark when seen by the reflected light of wavelength 580
nm. What is the index of refraction of the soap solution, if it is known to be between 1.2 and 1.5?

Solution 35
Minima is obtained in reflected light
2ut =nd
_ nd
H=%
_ nx580x 107%
T 2x0.0011 x 1073
u= 0.254n
For refractive index between 1.2 and 1.5, put n=5
w=0264x5

H =132

Question 36
A parallel beam of light of wavelength 560 nm falls on a thin film of oil (refractive index=1.4). What
should be the minimum thickness of the film so that it strongly reflects the light?

Solution 36
Maxima is obtained in reflected light.

_ A
2ut =(2n + l]i

for Emin , put =0



P!

ap
560 x 10~2

T ax14

t:l:ni:'z :1 00 nm

Question 37

A parallel beam of white light is incident normally on a water film 1.0x10* cm thick. Find the
wavelength in the visible range (400 nm-750 nm) which are strongly transmitted by the film. Refractive
index of water=1.33.

Solution 37
Maxima in reflected light
2ut =nd
2x 133 x107°
A=
T
_ 2660 x 1077

t:lm':'z -

n
For n=4, A=666 nm
For n=5, A=532 nm
For n=6, A=443 nm

Question 38

A glass surface is coated by an oil film of uniform thickness 1.00x10* cm. The index of refraction of
the oil is 1.25 and that of the glass is 1.50. Find the wavelengths of light in the visible region (400 nm-
750 nm) which are completely transmitted by the oil film under normal incidence.

Solution 38
Condition for maxima in reflected light
(2n+1)4 St
2 - H
dut
1=t
(Zn+1)
_4x125x107°
 (2n+1)
S000
T (2n4)pm

For n=3, A=714 nm
For n=4, A=556 nm
For n=5, A=455 nm

Question 39
Plane microwaves are incident on long list having a width of 5.0 cm. Calculate the wavelength of the
microwaves if the first diffraction minimum is formed at 6=30°.

Solution 39
For minima, in diffraction
asin® =nd



(5x107?)5in30 = 1(1)
A=2.5cm

Question 40
Light of wavelength 560 nm goes through a pinhole of diameter 0.20 mm and falls on a wall at a
distance of 2.00 m. What will be the radius of the central bright spot formed on the wall?

Solution 40

R=122 b
ST d
122 x2 % 560 x 1077
B 0.2 x1073
= 0.683 x lﬂ‘fm
R=0.683 cm
Diameter of central bright spot=2R
=2(0.683)
=1.37 cm

Question 41
A convex lens of diameter 8.0 cm is used to focus a parallel beam of light of wavelength 620 nm. If
the light be focused at a distance of 20 cm from the lens, what would be the radius of the central bright
spot formed?

Solution 41

R—lzzm
ST d

122 %20 x 1072 x 620 x 107°
N 8 x 1072

—_ -6

=19 x107%

A —&
-~ Diameter of the central bright spot, 2k =38x10 m.
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