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PHYSICS - Wave optics °:
SOLUTIONS

TOPIC

WAVE OPTICS

WAVE OPTICS

Exercise-I
1 B 2
o y2 — A2 cos (3(,0t+6j
A(I):TAX T T n n
= A, sin | —+3ot+— f,=5+t=<
2n  1x10° Y2 = Rz 8l (2 @ 6}’ 27 26
A= o =7.692n Df=f —f
5460 x10 10 2 1
2. A A¢_£+£_3n+n_ﬂ_2_n
In monochromatic light, only one wave 2 6 6 6 3
length is present.
3. B 10. B
Given y, = A, sin wt, f; = 0 Given I, -1, =100 : 1
(= Ji
Yo = Ay cos (Wt + f) = Ay SIN| S+ ot+¢ N =10 :1
2
n _ 2 _ _
fp= o +1 Imax = (V1 +4,) = (10 + 1)2 = 121
— 2
Df=1f, -1, Imin = (V1 =1,) = (10 - 1)2 = 81
T — i Im X
A¢:E+¢ P Ad)—Ad)(zch If‘ =121 : 81
_ 11. D
Dx = o Df In coherent sources initial phase remains
Y 7 constant.
Dx = z (E+¢j 12. B
a c Phase difference changes with time.
Amplitude depends upon intensity and 13.
phase difference.
5. D
In interferene there should be two
coherent sources and propagation of Wave front.
waves should be simultaneously and in
same direction.
6. c 14.
In transverse and longitudinal waves. Givenl, =1&1,=4l
7. B e = T, + 1T =91
Wave nature 2 _
8. B Imin. = (\/K_ \/C) - I
Principle of Superposition. 15. ¢ .
9 B Frequency remains constant wave length
) . decreases.
y, = A; sin3ot, f; = 0 16 B
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17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.
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\% 621D
62= Btk |
w7
d
x1,D_621D _ , 62x5893 _
d d 5461
C
Ax:(24—1)&:ﬂ
2 D
DA
=(2x -1) ==
y=(2x-1)—2
C
AD
=
A B
B
Ax=nj (maxima)
B
AD
=
A
d
5 _xd
L
%=
13n _ g
=>F =0.13 s
2
A= —=m
100 4= A M2
= X 131 /2
)
8
= f= 200 15 x 100 Hy
B
d
29 41=7
HE
D

D = By using white light instead of single
wavelength light.

B
D AD
mg —(h+1)le
= Nn.7800 = (n+ 1) 5200
= n=2.
C

C — the fringe next to the central will be
red.
D

Ax=(2n+1)%

28.

29.

30.

31.

32.

33.

34.

35.
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o-

A
Ax=(€l+€3)—(€2+€4)=(2n+1)E

C
a1, =1
1,=1/4
C
Ad
 J— 2 =Y
I’ = 41 cos >
Ap 1 Ad 1
2 2¥ — = 7 = 4=
= cos? 5 2 = C0s — 5
2x dy n.dy 1
Abp =22 dy _ . 1
= A} " D = C0S - =+7
ndy _ _ AD
D 3 = YT 34
D
4 %< 6300=(4.5) 21
n = —4X%300><2 = 5600 A
A
_dy 2=n
A= THx
_ D 1
Y= "9 *a
7
Ad = >
= I"'=4l 003274) =2l
C
Asthe DT position of first maxima
. AD
e, yt | q
=  First decrease then increase.
C
IO=4I
Intensity due to one
_dy 2n
M =y
_ 0.25x10*x4x10° 2n
B 100x10? 6000 x10*°
Adp =1/3
n
, 3 3l
I’ =1, cos? 5> =
C
dy 2mn
D X . = Ad
Ad 1
— 2 =Y — =
= 21 =4l cos = COS > >
Ap _m dy 2n _n
= 274 = Dx 2
1x10° xy

=~ 1x500x10°

C

=y=1.25x10"m

0.3 X102 x sin30° =n x 500 x< 10°°

= n=300

299 + 299 + 1 =599
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PHYSICS -Wave optics

36. D
2d k’z
d 3 XI white spot
o
_d_2d _
X=3 3 =d/6
37. A
dd _
60 "M
d2
= =1,2
= A 6nD [n , 2,3
38. D
_ D
~d
In water A| so B
39. A
2n 2nux
= — X = —
Ad LAY A
40. D
S1
ST >—
c.m. shift
S, down
_ D _ .
B= o =remain same.
41. C
21 = 41 cos? 49
2
cos A _ L
= > - ﬁ
Ad T
= 2 T4
3
=-1|t
= leuzﬂ
A 2 4
= t=N2
42. B
d.
|(2p—1)t—(p—1).2t|:Fy
_ dy _ 1D
t= D >y-= q
43. B

S,P —S,P = ni = const.

= equation of hyperbola

www.aviral.ac.in

44.

45.

46.

47.

48.
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t changes more rapidly when we go
outwards.

=  path diff. changes more rapidly

= fringe width |

¢ phase difference

Ab= 7+ (2ut). ZK—“

at top

t> 0 0 phase difference
Adb=mn

Minima for all the

wave length.

Top position will appear dark.

= As we move down violet Maxima will
appear first.

first colour will be violet.

A

n

t 1.33

T
1.5
2 x %t — 600
t=225nm.

B

d=@E-1)Ax1

8d°.2

AD

_1e6d® _ 16[(n-DA.IF

AD  6000x10° x5
=5.33

no. of fringes =

D

If liquid is filled then A will change but
central maxima is independent of A

so it will not shift any where

So statement 1 is false

change in path difference will cause the
change in central bright fringe.
statement 2 is true.
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49.
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A

According to cauchy’s formula.
n=a+b/x2+ ................

In VIBGYOR A will increase so n will decrease

c
v= =
n
n,<ng

So, v,>Vv,
statement 1 is True
And the reason of 1 is larger A

BD
For coherent source
= frequency same
= constant phase difference
BCD
The fringes next to central will be violet
and there will not be a complete dark
fringe.
BC
Red ——> Blue

X

AD

B=—gV

_
B="4

as (@) di, BT
VIBGYOR

A
AC

smﬁ-%¥=(u—1ﬁ
for C.M.

=

y=(@-1.t +
D

Ua, Lo
A

s (]
Ue, tg

At point P we assume t, provide greater
path difff.

= M-t —(-
= t,—t =AX

ift, >t Ax = +ve (shift towards A)
if t, <t, Ax = —ve (shift towards B)
B

As width 1+ = | 1

=

1) t

B

50.

10.

11.

12.

13.
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C
Maxima occurs where phase difference is
zero.

E.M. field is varying but the variation of
both the slits wave is same

Exercise-I

A — The fringe pattern will get shifted
towards covered slit.

Lo = (\/E+\/E)2} I, # 1, then
U A [ R

% (doesn’t change)

V2-1)d=@5-1)t
t=2(2-1)d
ACD

p=12

VIBGYOR 3

AT
ABD

ATpT

Angular fringe width =
AD

P="4

BD

C is not correct

C.M.; does not change.

AC

Ol=
o>

L0 2T
1(6) = 1, cos? % {A¢ =dsin®==
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14.

15.

16.
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B ,|150x10°
1(6) =1, cos 3x10°

1(6) = I, cos? (sind . 1/2)

xnxsinﬁ}

Y _Io
at 6 = 30° = 1(6) = I, cos? (4j—2

at®=90° = I,cos* /2 =0

ato=0
1(6) =1,cos*0 = 1.
CD
Path difference at O
=(m-1t
_Tr
L C.M.
_2n_Tn —=
M) - T x ? S, B ‘607[ (M;xima)
_14n
- 3
d
AtA . AX= (u—1) t— gl=2x
1.05 pm = 9000 A + y, x 1073
y; =.15mm
At B.
d
M= (u-Dt+ 22 =3
1x10°
10500 A + 2X10 Y2 _ 3 4500 A
AD
My AX1
€ A\L
Ha A, = Mai
My
@ y =t
s AX,
27\’air
AX = p, ", + AX, — AX,
AX =2 kair + AX, — AX,
My =1, = 1y
— — kair
= Axl = sz )
AX=2A__ =N\

air air

Maxima at Interface (1)
= K <H,>

AX AX, =0

1=§’ 2
kir k
AX =2}, + %:(2n+l)§

Minima at (1) interface

17.

18.

19.

20.

21.
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. _d
sinr= —
c
.. _ b
sini= —
c
= isini=usinr
= =E
T
D
A Ax = 0=> Maxima
5h P
A — 1 Ax=d = 2% —-Minima
D B 2
C

= A, CBright
= B, DDark

A
| AX = 0 [I-.R >>2a.]
- "Ax = 3a
|
= 3a=ni = n=15

AX = 150 —» Maxima
= 14+14+14+14+4=60

D
AX = 2L
dcose X
0 0
D 3Acos = 2
2
e Ccoso = 3
— X _~S
tan6 = D=
B
Intensity in first case = 41
Ad

In second case = 41, cos? >
Average = 21

I, 4
1 0
T 3571 =2:1
= 1, 2l
A
n,.AD  n,A,D
d d
= n, x6500=n, > 5200
= n =4
n,=5
y= 4x6500x10*° x120x10°*

2x10°®
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PHYSICS -Wave optics

y =0.156 cm
22. A
S,P-SP=2)\6
SSP-SSP=WM3 ... (1)
SSP-SSpP=4M3 ... (2)

L oap= 2T, 4

LT3
2)-(@
SS,P—SSP =i

= A= ZTTCXK =2x

J1

EE

Take base SS,P

1o = (241) + (V1) + 2.21V1 cos 1200

.. =3l
23. A
n
(i—ljtxz—n
n2 7\'2
}\'1 _ r]2
}\'2 - nl
n 2nn
= _1|tx 2
= ( 2 }\'lnl
2n
= (n,-n,)t
}\’1”1 3 2
24. C

Path diff. =t (u—1)
as u 1 Path diff. 1

25.

26.

27.

A

A
0.75 x 41 = 41 cos? (74)}

Ad V3
Y = 4 N2
Ccos > 5
2 6'6'6'6°'6 ' 6
M=33373 73 T3
for third Maxima = A = 6=
for second Minima = A¢ = 3=n

A$ must lie between 3t and 6n

_ 11z 13n 17xn
j A¢ - 3 ’ 3 ’ 3
% is not lying in the Range.
A
rarer
air
denser
_x Y
2ut = > = t= 2

D

) 1, > % > A ‘intensity’I‘
intensity\L
Exercise-IllI
AD 600x107° x1
1. p=—=

d 4/3x0.2x107?
=B =0.225mm

X _ 600xD
2. 5—12:B1=T
X 400xD
— =18 =27
b T

www.aviral.ac.in
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d=2ad
=2a(n—1)d
a(p - 1) a a
a > o
A
= P= 2au-1)
Level-I
AX=nl

(1.7 -1).t—(1.4-1)t = 51

- 5x 4800x10*°
0.3
=8x10°m

[ {«/O.ZI +0.840.27 T _ (1.8)2 g1

L. Jo0.21 —-0.8V0.21

0.2

min

www.aviralstore.com
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Relative Trensity)

5.
o 0.75 :l :2 3 e(degrges)
A
AX =dsin6=d.0 = >
-3
4.0.75x " :520><10
180 2
d=1.98 x 102
6. 9.D  3A.D L 75x10°2
o 2d
=2 -7.5x10° -3 _5000A
2d
7. 3l :4Icosz%, cosA—¢=i£
2 2 2
A _x 5t 7n
2 666
dy 2n_,, = 5t 7n
D 3 3 6
D2D 5D 70
de'd 6°'d 6
min.Distance
Minimum Distance = —XB—QB &9
Y 6d 6d 36
-9
_ 1.x600x107 5, 104m
3x10°
8. AX =dsind = A
:de:K 22,2 212 2
Jorryr =AY =MD AY)
10°%x1
N\ — =0.35m
:yZ(dZ_IZ)z 7\,2D2—y— (32 _1)10—6
air T
l
9. t L 12
1.5
A L.
2ut :§—> minimum
t _ =10"m
4
10. Loyd’s mirror
kD 600x10°°

=20 " 2xz.1x10° LO-2MMF =015 mm

11. 2ut=nu
nxX
oA =N .2
2500 @)

www.aviral.ac.in

12.

13.

14.

15.

16.
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o-

px X"
2 XX i (2
* 500 - (D )

@-@

zsoo[x_ x]=1 X' —x=0.85mm

frlngmdth

120
no. of fringes = —— =141
X" X

AD

103
L(D-5x1072)
By = — 10° -(2)
B,—B,=3x 10 ....(3)
-3

10‘3([31— [32) = Ax5x%x107?

A =6000 A

Path diff at centre

B, = (D)

(u—-Dt2rn
A

_yd
D

AX=7.5x107 = Ap = =3n

= y=1.5m

~ 6300
2°1.33
63x1.33

P 133x1x107 < F=063mm

58 ljt:x
2

C) (1 33

6300x1.33x100
1.33x2x0.20

=1.575um

AX = (u—1)t
=(1.17-1)(1.5 x1077) = 0.255 x 10~
Now for central maxima :

d 3x1077
hx= Fy: 0.255 x 107 = :—XD -xy
y =0.085D

hsecr
h

h sec 2a

AxX = h sec a1 + cos2 a) =\/2

=2hcosa=AM2 =h=
Acosa

www.aviralstore.com
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Exercise-lII

Ly
1 B= F |
1x
No. of fringe in X d

X
Ay

d
.. Rate of apperaance of no. of fringes

d( dx d X XV
48] 3052
dt\ ry dt” “ay T Ay

dx |

2 (i) x= (u -1t

Ab= (u— 1t 2&
¢—(u—)tk

I =1, cos? (%(I)j

For 3¥ maxima
Ax=(17-14)t=31r

_ 34000 x 10710
- 0.3

3 Ax=d sin 30° + (u, — 1) t, — (u, —

=4 um

1)t

2

T2

31 =1+ 41+ 2442 (cos A))

1
= ==+ (1.5-1)20.4 x 10°—(1.5—-1)t,=0.0602-0.5,

©

@
Ad

www.aviral.co.in

_2.7x20 500
30x2
A, = 5400A
Level-II
CoS Ap = —
ap= &
o= g v
2n
Fort,to be max. A¢ =?
2n 2n
7(0.0602— 0.5t) = 3 = t,=120 um
B AD _ 6000x107'% x1 C6mm
~d T 0ax10®

Imax = (Wl +4/12)2 =1+ 41+ 2J41? =9I
Imin:(\/g_\/g)zzl

2
At O, we have already found out that A¢ = ?n for

nearest minima, A¢ should be equal to .
2n ©

. T
A D 3 3

5cm above O

5x1072x1x107°
1x10

_2ndy 2n _ 2n §
A 'D 3 6000x1071°

apoB0% 20 5,
3 3 3

I"= 1+ 41+ 2412 cos(Ad)
=5l+41cos(1l4n) =91
5cm below O

pp_0m_2m_4Bx
3 3 3

AD
P="g
| case
2(100cm)
d
Il case

A(100cm) 2
@+ 12mm) 3 2omm) +(2)

1)+
d+12mm 3

=— =24 mm
q 5 =d

=0.25mm (1)
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Putting in (1)

we getA =600 nm

when the slabe is placed, C.M. shift to 20™

maxima

S (p-1)t=20A = (1.5-1)t=20(600x 10°)m
t=24 um

H u
Path difference at C = (“— - 1}1 - (— - 1jt2

w “W

Q5

- (% - 1)(2.5 —125)

(A =5000 A)
3 2nx4x7x107°
5000 x3x1071 x 16
K water
7
)
_ 5000(3) ,

air

{x_w_
}‘air

=X

3l o
4 oo

A=7x10"m
LAX=(Q=-1)t=5A% ()
t=7um

for Green light
t(u,—1) =Ax =61

0.6

:ug—l

6x7x10"7 6
7x10° 10

=1.6

Ad

| = 41 cos? —
3 2

A _ B

2 2
A¢ should be in between 10 = —»

Ccos

11 =

6" 11«

5" Maxima

www.aviral.ac.in
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31n
Ap=10n+ /3 = 3

2n
A¢=T x5A=10n

31%
S (L7-1)t—14-1)t=— =t=9.3um

6
Q.8. Maxima Ax=d=2A\
- A 3\
Miximum correspond - & *—
2 2
dsin6= x sin 6 = 1
smov=5. "2
1 1
= T — =+
tan 6 \/E y=+= \/E
3 3 .3
d sind = > S|n9-4 y = \/7
o n2
> C.M
Soe M2
AX=

]

d'30°d'9—£ 'e—l
sin —dsin®= 2 =sinb= 7

.y _1 1
,D2+y2 4 3)/—\/5

dsin 6 d'30°—& 'ne—E
sin 6 — d sin =5 = sinb=7

y _3 3
D? +y? 4 =>Y= ﬁ
A .
Q9 Afw= 1° - 60 min

T 60 mi
180 —> min

n_ 6000x107'°

= 180x60 d

5th dark fringe
AX =45\
Y

y =1.5x% " - " mm
3.6 24
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d
3rd Bright fringe Ax = yE 3

s s

_3x6000x107° _
- 6.48x107° " 3.6

1
Q.10 I& lllight wave interfere to produce interference
Pattern
AL
1_41 2_16
I 3 23
R e |
b _ G-V 2716”8 1
e ey, 1, 3 2)31 49
4 16 8
||\ E
\%
[ /gi
4 4 4
3l
4
I
u o 111
Q 0OV y77
1 1 1
—_—t—=
vV 15 10
Iy oA
0.5mm
,T\ ...........
0.25mm —30cm
PR AN o)
S 0
0.25mm
v
<—15cm 0.5mm|
73
o—— 130cm———
v=30cm

\'

h = 2h,=2(0.25)=0.5 mm
- d=(05+0.5+05)=15mm
D = (130 - 30) = 100 cm

A =500 nm
Ao 3D _ 3(500 x107)(100 x 1072)
OA= =4 = (15)x107°
OA=1mm

(ii) If 0.5 mm is reduced, then resultant d will

3\
reduce hence OA = e will T

Q.12  Axdue to above arrangement=d cos 0

2

2
LAY = Tn(dcose) :Tn(zxcose) =4n cos 0

I=1o cosz(%d)j

Q.13  When convexlensisintroduced,

v=70cm, u=-30cm

h;

hO
=0.3cm

% =0.0195cm

\'

u

+7 B 0.7cm

= 3 hy

=h,=03cmie.d

A(100cm)
0.3cm

=0195cm = A =5850A

www.aviral.ac.in
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Exercise-1V

1.

10.
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Coherent sources.

Maxima 5

|
Intersity of polorized light = EO

. . Ig Iy
Untransmitted light =1 — 5> =5

C

sing )’ a
I=l,|—— | and o=
0 A\ D

For principal maximum y=0
6=0
Hence, intensity will remain same.
D
A 2 6 A
= — X - ==
o A A 3
1=1 2— =10 22
=1, cos =10 cos*¢
1 3
lh 4
3xD 4D
da - 4q4 = 3L, =4,

_ 3 _ 3
kz—zkl—zx590

=442.5nm

Initiancity of parallel beam is cylindrical
therefore the wave front will be planar.

B
Both statements | and Il are correct but
statement Il does not explain statement
l.

Constant + source

¢

— 2r

I, =4l,cos > = 41,
For incomepent source
L=1,+1,=2I,

Iy

I, =2.

11.

12.

13.

14.

www.aviral.co.in

Level-I
_ )
Il—4|00032§
AX=0 1, =41,
b A A 2X A X
= — = — X T = —
Ty =y T2
1. =4l 2 X g bl—l—g
, = OCOS 4 = 0 |2 = 1
A =2A, b I =41,=4l,
2 2
o= (Vi1 4y ) = (Yl + AL, ) =,
=9l

I=1+1,Jl; +1, cosd

=1,+41,+2
= 5l, + 41, cosé

I, + 41, cosf

= % (5 + 4 coso)

= % [1+ 4 (cosd)]

-g[vet]

A B 450

@ %
Through A only component parallel to slit
will pass so intensity after passing through

A will b o
will be —-.

After passing through B
|

|
|=_0 24— 0
> Ccos? ¢ 2
B
LB
o0 'R
3z
po 6'6
S d°S, @)

Path differnce on the circle of radius R
around O on the wall will be same hence
concentric circle.
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PHYSICS - Wave optics @:

Exercise-1V Level-lI
1. A A_¢ _T ﬁ ﬂ 5_7: 2m.AX A
2 3'3'3'"3 n e
2 B Path difference
N _2n 4n 8n 10r
Ax=d sec 0.cos 20 +d sec 6+ - 3'3"3" 3
N dsing 2t -2t A4n 8n 10n
=d sec 0 [2 cos’ 0] + - A 3'3"3" 3
A e (L
=2dcose+5 =0=sin™ | 34
7,8,9. (A,C,B)
d
dsec 6cos26
For constructrive AXx=n\
_ A _ M f
2dcose—2:cose—4d e h
3. 1.sin60°= /3 sinr,=r, =30°=r +r,=30 g
1 =0 10. AB
e 0y - — —_ -
. ray incident L on AC, Thinfilm interference l ‘_4|| L, =1=1,="9l
A. D (7&3 If d = A = only central one maxima
(2n, - 1)1, = (2n,—1) A, = (2n,— 1) 400 = (2n_— (B) A <d < 2L = one central and one more
1)560 = (2n, - 1) 5= (2n,— 1) x 7 ©nr
n1=4,n2=3 :>|Tax_9|
4t dark fringe of 400 nm and 3" dark of 560 nm |y, = O
coincide. (D)ill,4|
Again n, =11, n, = 7 coincide = AX=7A =7 X Imax: 161
400 = 2800 nm —
D 11.  (A->(PRS); (B)—>(Q);(C)—>(T); (D)~ (RST)
= a4 =2800 x 10°x 104 =28 mm by
Slpo = Szpo' Slpl - SZP1 = Z'
5. nA, =NA,
n, x 500 = n, x 700 A
[n,=7,n,=5] S,P,-S,P,= E
Ax= 17500 nm () 3(PY=0(P) , 1(P)>I(P) —(S)
AXD ) (B) 8(P,)=0(Q)
y=T=7X500X109X103=3.5mm (C)8(Po)=n,|(P0)=0
I(P,)>1(P)
A1 Ab 1 D)s(P)=n, 1(P)=0 (R), I(P)>1(P)(S), I
280 _ 1 a0 _, 2 (P)>1(P)(T)
6. B cos 5 4 = cos 5 5 2 1
12. D
Fringe width

ar/3  51/3

AP
/3 21(/3U [3_? as O‘R>}‘G>7‘b) S0P, > B > By
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