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@ UNIT : Wave Optics @

wame  |nterference .S

/ Coherent sources e
v

\//)‘-' Interference in uniform and wedge shaped thin films *

ﬂecessity of extended sources &

\//Newtun's Rings and its applications
Diffraction

» Introduction to diffraction

<

» Fraunhoffer diffraction at single double slit

» Absent spectra, Diffractio 48, Spectra with grating

O

» Dispersive power, Resolvi®g power, Rayleigh’s criterion of resolution, Resolving power of grating



@ I Semester Theory Examination — 2023 — 24 (Unit-1l1) @

arvmes visee Section — A v aeees

What happens if the slit is smaller than wavelength in dif fraction pat’ e

Section - B 0

Oﬁewtnn'ﬂings are observed normally in reflected light of wm'* «6000A. The diameter of the 10"

dark ring is 0.50cm. Find the radius of curvature of lens ar .ness of the film.

Section -
5.Attempt any one part of the following: «

iscuss the phenomenon of interference of li
maxima and minima. Show that the intfrfe

. to parallel thin films and find the condition of

patterns of reflected and transmitted source of light
are complementary.
1) Discuss single slit Fraunhofer dif 151 and show that the relative intensities of successive maximum

arenearly 1: 1/22:1/62:1/17



@ I Semester Theory Examination — 2022 — 23 (Unit-1ll) @

sarrmes ciisee Section — A sarvmas racme

XV

@Whnt do you understand by coherent sources ?

Section — B

What do you understand by the phenomenon of Fraunhofer dif” .on. Find out the ratio of intensities
of successive secondary maxima compared to the intensity srinciple maximum.
Section &
5.Attempt any one part of the following: «

(a :escribe the phenomenon of interference i

write down the conditions for cnnstruc'e

A light source of wavelength 6000Ais » *

to100cm in a Newton's ring arran” Find out the diameter of the 15th dark ring.

Jdm (uniform thickness) due to reflected light and
.« destructive interference.

.ng with plano — convex lens With radius of curvature equal

1) Explain briefly the Rayleigh cr
grating and find the re!ﬂtine

.of resolution. Discuss the resolving power of plane transmission

veen resolving and dispersive power of the grating.



@ I1 Semester Theory Examination — 2022 — 23(Unit-1ll) @

Section — A

@ Why two independent light sources cannot produce inter ference patter>

¢. What are the changes that are caused in the dif fraction pattern if ¢ ‘b oer of slits are made large?

Section - B

*ie refractive index of a liquid.

(ODescribe how Newton's ring experiment can be used to deter’

Section —&
5. Attempt any one part of the following: «

Q abmin an expression for the fringe width in -

¢ = shaped thin film and explain nature of
fringe pattern.
111 A light of wavelength 6000A falls norms é

angular width of the central maxim-

4 slit of width 0.10 mm. Calculate the total

(b) (1) What particular spectra wou sent if width of the transparencies and opacities of the
grating are equal.
i) A plane transmission grati\e® 45 16,000 lines to an inch over a length of 5 inches. Find in wavelength

region of 6000A, in the second order, the smallest wavelength dif ference that can be resolved.



@ I Semester Theory Examination — 2021 — 22Z(Unit-11l) @
sarrmas casemm section - A S —

@The light rays from two independent bulbs do not show interference. G’ &r‘easan*
Section - B *

White light is incident on a soap film at an angle Sin-1/ @d the reflected light is observed with a
«4 correspond to wavelengths 6.1 x 10™°cm

. State the Rayleigh criteria of resolution.

spectroscope. It is found that two consecutive dar’

and 6.0 x 10~%cm. If the refractive index of

E an - L

*? Discuss the interference due to it and obtain the

m is 4/3,calculate the thickness.

6. Attempt any one part of the following:
@What do you mean by a wedge- sho’

expression for the fringe widt/

Discuss the formation of Hko

to the square root of odd natural numbers.

s rings.Show that the diameters of the bright rings are proportional



@ Il Semester Theory Examination — 2021 — 22 @

S section — A arvwas iasee

XV

‘A.The diameterof 10th dark ring

Wh}r the center of Newton's ring inreflected system is dark?

. Explain Rayleigh’s criterion of resolution.

Section — B

E“'m"'ﬁ rings are observed in reflected light of waveleng'?

is 0.50cm. Find the radius of curvature of the lens. «

. increase the resolving power of a dif fraction

6. Attempt any one part of the following:

| What is Rayleigh criterion of resolution how -
grating? Using Rayleigh criterion for jus’ «tion show that the resolving power of grating is equal

to nN,where n is the order of the sper «nd N is total no of lines on the grating.

ﬂfractiun at a single slit and show that the relative intensities

y1: 4/9n* : 4 / (25n% ): 4/49n* :

(b)) Discuss the phenomena of Fraunb

of the successive maximum a»



@ I Semester Theory Examination — 2020 — 21(Unit-111) @

section — A
Twu independent sources of light cannot produce inter ference, why? e
. State Rayleigh criterion of Resolution. Also define resolving powe 0

&

Cﬂicuiute the thickness of a soap bubble thin film that wil’ (n constructive inter ference in
'gth 5000 A and the refractive index of

Section — B

reflected light.The film is illuminated with light of v’«
the film is 1.45.

a =L
6. Attempt any one part of the following:
Describe the formation of Newton's»

the diameters of dark rings are y

. monochromatic light. Show that in reflected light,
.onal to the square roots of natural numbers.

) What is a dif fraction gratinr 455 the phenomenon of dif fraction due to plane dif fraction grating.



@ I Semester Theory Examination — 2019 — 20(Unit-11) @

Section — A
OTwn independent sources could not produce interference,why ? e

1. A plane transmission grating has 16,000 lines to an inch @ .ngth of 5 inches. Find in the wavelength
region of 6000 A,in the second order (i) the resolvir « v of grating and (ii)the small wavelength

g. What is dispersive power of plane transmission grating ?

Section - B

dif ference that can be resolved.
d ™= {‘
6. Attempt any one part of the following:

Describe and explain the formation r
necessary expression for bright

* .on'srings in reflected monochromatic light. Deduce the

ckrings.

(1) Discuss the phenomenon of F fer dif fraction at a single slit. Show that the intensity of the first

subsidiary maximum is nbne.:i% of the principal maximum.
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Interference of light
w=easel |t is the phenomena of redistribution of intensity of light on account of superposition of light waves ===

coming from the two Coherent sources of light [/ ¢ same freq Jr n’ .onstant phase difference)

4* h]ﬁ (onsStyuchve
(s 0ug

«aves reach in phase, the resultant

Types of Interference ( Yest
[1) Constructive interference (Bright or Maxima) T xo

At those points of the medium where the two inter’
displacement and hence the resultant intensity « 2 Maximum. These points are called

Maxima and this interference is called Con” e interference.




@ (11) Destructive interterence (Dark or Minimal @

. At those points of the medium where the two interfering waves reach&apoaite phase, the .

resultant displacement and hence the resultant intensity become ’ «m. These points

are called Minima and this interference is called Destructive i&.‘nce

R R

Uf\)mum\ﬁ "sé ‘

O



A "-:rﬁ !
@ Coherent Sources ' @

wwwase 3 The sources of light emitting waves of same frequency having zero or ronstant phase difference are ===

called coherent sources.

» The sources of light emitting waves with a random phase diffe~ 0{& called incoherent sources.

Note : For interference Phenomenon, the sources must F rent.

ole - Young Double Slit Experiment (YDSE)
F«




o S

wmwass TWO independent sources can not produce interference. Why ? N - oo vt

>

OR -
Two independent sources of light can not be coherent e

» Two independent sources of light can not be coherent because ' \‘b.: independent beams of light do not

have constant phase difference. Light is emitted from millir Acited atoms or molecules whose
vibrations are independent of each other.

» Hence, two independent sources of light can not r « - interference.

*é




@ Types of Interference on the basis of source formation
"™ Based on the formation of two Coherent sources, interference are of twr types
(i) Division of wave front e

Coherent sources are obtained by dividing the wave front,

n'g' \‘ g from a common source

» Young's Double Slit Experiment (YDSE)

» The Fresnel’'s Double mirror method @

» Llyod's mirror method

(ii) Division of Amplitude
In this method, the amplitude of irnt:ir’é am is divided in to two or more parts either by partial
reflection or refraction.

» The merteren

» INEWLON S NNg



@ Resultant intensity due to superposition of two interfering waves

Let a, and a, are amplitude of interfering waves and @ is the phase di

ffe- qace at a point under
consideration, then resultant intensity at a point in the region of 5u'&i~m >
2 : 2w\ i)
Y = 4, smuwt A= a i a oD a s
J ) I = Ic,ql
. -1
4= & sn(t+) -4 [, = K
! - 2
A = «1- Ka, +3 Kaa, (0s P

- I+, +ULT, (08 %

s

1 | ! A h IIIH'-I
T nkenshy ¢ ( Arpliuds )

4= ARSI+ %)
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Condition for Constructive interference

Condition for Destructive interference

oW

= OR OR =
Condition for Maxima Cwinn for Minima
=T, +T +2LT,¢0s¢ T I,(0s¢

Ir‘uftﬂak*r\’; Wil be maximum, IAhen
(0SP =|
O =2nnr

. Lﬁ:{]}lj?:‘?‘""’

'*é
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d=2anF
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@ Condition for sustained interference -/ o
“"’"‘ﬁ wo sources of light should emit light continuously

\/‘/'I' he light waves should be of same wavelength e

yl’h/e light waves should be of same amplitude 0
the light waves should be of same frequency *

e )/The two waves must be in same phase or bear a cnng,taﬂ difference.

» For constructive interference «

Imax =1y + 1, + 2V, T,
- For destructive interference é

Imin =0 *

O



@ Engineering Physics (By Guishan Sir)
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i,

,-*’
/ Wnte the main condition for sustained interference. *
=:|_i|- .--‘

gt

‘“..

sy #”What do you understand by Coherent sources ? &

,z”f} '«Mh-.ir two independent light sources can not prodv « .ference pattern ?

1.4 The light rays from two independent bulbs dr ow interference. Give reason

*é
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@ Interference in a thin film @

wmmnse CASE - 1 : Interference in a thin film by Reflected light s o s

CASE - 2 * Interference in thin fHilm Dy Iransmitteg '.r_:':* e

Interference in a thin film by Ref \ «ght
Consider a thin transparent film of thickness t and refractive ’

—

H{l 114

™M e ;l.LA v\

)

pi—

Thin Fiing
(4




@ » Let a light ray SA is incident on the upper surface of the film. @

) At point A - The light ray SA is partially reflected along AR, and p> glly refracted along AB

q,

» Since the light rays AR, and CR; are derived from the ir «ay SA , so they act as coherent light rays

i) At pomnt B - The light ray AB is partially reflected along BC

(i) At

point C© The light ray BC is partially refracted along C”

5_,._ .I j i'._ r ; I|r'_.II r 'Ij - i I. : I.i r.'lll-.:l ; Jii L-'.__I :.___.[
[ \

and produce interference pattern.

. I I . " ki | 4 ..'
JETILOY Damy DIACYLENC

- | "-— -I.|.-

L |I' ll! i Ir.:'g \{j — Iii:;j '!'Il‘wf‘||l . .‘.-* I
P B fa Vv B Eilbry b 4 AR
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AR = M S
A= M@AR+R) — AN : (05% AM = M tank

< AR =L || AM=t tany
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@ Interference in a thin film by Transmitted light

"™ Consider a thin transparent film of thickness t and refractive index u: .

» Let a light ray SA is incide” 2 upper surface of the film.

At point A - The light SA is partially refracted along AB




@ 1) At point B : The light ray AB is partially reflected along BC and partially refracted along BT, @

i) At point © 0 The light ray BC is partially reflected along CD ’

vl At point D - The light ray CD is partially refracted along DT,
» Since, the transmitted ray BT, and DT, are derived from the *b,cident ray SA, so they act as

coherent light rays and produced interference palterrr. |
i _.. 1 I. i .F - _Fr r
PR j mr f A '“ i I_‘l' - F |‘:
| A . Ao sy = CM i AISO
D4 - | Y N it v :
A =Fath BC D in Rﬂm — Yarmn 1SN ! SC "
W an “5 — ;._';_A\
~ ™ ) wa
[ ™~ . 4 ! ‘_I-I |-';I"“-. i — | | i 1 \
{ 'JQ" 1) - I LY 1«-_ el
z\_:. __ 'L[l'x_l:é'”" ' Lt} jt| [":JET ) |
[‘;1[ =T TN
+ AR, |
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- s j —= L L "
0 ll":lllbr'}.'l 1]]]“"-—4-_” ihﬂﬁl.&







L |
| |

I | ]
o F
EEA AN



innN

|



Interference in Thin Film due to Reflected light Interference in TWIm due to Transmitted light

o I.. __II.F tl 1 i|.-:' F,r-* INIMa > [,_ '..4:!-:' 1' ' 'w 3 11-:..._
nA

A r_:“'n_ L. ey
2utcosr=(2n + 1]; —_ (L) 2y =/
e
,gtrw‘ tor Minima
F | ,l"j « e
1 | \ N\
cutcosr=(2n+1p — \° )

2utcosr=nA —)

&

From equation 2 and 3 in both the cas” * ear that the film, which appears dark in

reflected light will appear bright ir ditted light and vice versa. Hence reflected and

transmitted system are comp’ 4ary in thin film.



@ Q.1 Calculate the thickness of thin film (soap bubble) that will result in constructive interference in reflected @

light. The film is illuminated with light of wavelength 5000 A and refracti 0 index of film is 1.45,
| Kr e‘ 3
0 I | - {l_.';]" FII; f }lﬁ.f L/
{ if,f;
| -
| 0 — 10
‘P = o ™




@ 0.2 Light of wavelength 5893 A is reflected at nearly normal incidence from a soap film of refractive

index 1.42 What is the least thickness of the film that will appear (i’ gright (ii) Dark ?
| oYX |r'"__* | .lll-}'l'- ll! y é

VveEr | w
*\ | ME oSy = N A

[} =i

|9 UEX) = A
L — A
- |0 ._.'[':3
S MO t = 5B43ND
Ux 1.4 AX .42
D J P .I}
185 = 2019 A

condihion doy Davk



Q.3 A soap film of refractive index 1.43is illuminated by white light incident at an angle of 30°. @

The reflected light is examined by a spectroscope in which dark ban¢ l'nﬂespondmg to the

wavelengths 6 X 1 10~7 m is observed. Calculate the thickness of ’

I > | 'E.Ir‘mf g ‘E_IhUE“H{]

wven SIN Yy




Engineering Physics (By Gulshan Sir)
\@ DPP-2 @

UNIT : Wave Optics
1.1 Describe the phenomenon of interference in thin film (uniform thickness’ *‘eﬂected light and write
down the conditions for constructive and destructive interference. \
1.2 Discuss the phenomenon of interference of light due to parallel t & and find the condition of maxima and
minima. Show that the interference patterns of reflected anr& atted source of light are complementary.
1 2 Calculate the thickness of a soap bubble thin film that wi"« - in constructive interference in reflected light.
The film is illuminated with light of wavelength 5007 . the refractive index of the film is 1.45.

(1.4 A parallel beam of sodium light of 5880 A is incid “thin glass plate of refractive index 1.5. Such that the

angle of refraction in the plate is 60°. Calcul> ‘mallest thickness of the plate, which will make it appear
dark by reflection.

(1.5 White light is incident on a soap ¥,

It is found that two consec’ 0

" angle sin™* G) and the reflected light is observed with a spectroscope.

ark bands correspond to wavelengths 6.1 x 10~%cm and 6.0 x 10~°cm.

If the refractive index of the film is'-;-.cal:ulate the thickness.
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@ Wedge-Shaped thin film Note O 1s very-very sm M @
A wedge-shaped thin film is one whose plane surfaces (OY and OX) are s” ’ Otly inclined to each other N

*‘b

Interference in a Wedge-Shaped thin film by Refles St
» Consider a thin transparent Wedge-Shaped filr « ¢ging thickness and refractive index p
sY

at an angle 8 and encloses a film of transparent material of refractiv « W. The thickness of the film

increases from one end to other end.

» Let a light ray SA is incident on the upper &

1) Atpoint A The light ray SA is part’ é ected along AR, and partially refracted along AB

i) At point B The light ray AB i *,.w reflected along BC
liil}] At point C: The light ra
» Since the reflected rays 0

aartially refracted along CR,,
.« CR, are derived from the incident ray SA , they act as coherent

light rays and produce interference pattern.
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@ Fringe-width @

wwwawn > Consider a thin transparent Wedge-Shaped film of varying thickness and refractive index . s et

» Letx, be the distance of n'" bright fringe from the edge of the filr

» lLetx_,, be the distance of (n+1)" bright fringe from the edge ~ 0.1:11

1

T b
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» |If the light is incident on thin film from é,suurte then for different incident rays, different pairs of

interfering rays are obtained alonr "ot directions. All these pairs can not be seen by the eye

simultaneously. Hence, only » . portion of the film is visible

O



» On the other hand, if we use an extended s~ .stead of point source then the different pairs of
interfering reflected rays will reach the é;n a large portion of the film (may be from the whole film)

» Hence to see the interference effer the entire film simultaneously, an extended source of light is

necessary

O



oW

forming fringes that are 2.0 mm apart. Find the angle of wedge in s

|
6 =

&

Q.1 Light of wavelength 6000 A falls normally on a thin wedge-shaped film of refractive index 1.4

/
T N

| D

éw

e quds. D ’
e‘ | = 60 min

MmN = 60 Sec

e

AL =0 Y A
3 K1Y
L'\_'J = j A 14 3\ ?{\1 D
0 ~ ANCTN LD Nb
Fox Noymal InQAg) 0.006)1 = 0-006[K06DX6D
RO
VT 21,46 Secong




@u.z Two plane glass surfaces in contact along one edge are separated at the opposite edge by a thin @

wire. if 20 interference fringes are observed between these edges i

normal Incidence, find the diameter of the wire.

¢ ) ][‘?A.ir". -

_10
A =75890A =5890x0 ™

L)

L

—— )

=

Let 1 be the hvkness ox diame’

- |

d{ WY €
|r'

O

n Fium light of A = 5890 A of
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@ Engineering Physics (By Gulshan Sir) @
DPP-3

UNIT : Wave Optics é

2.1 Obtain an expression for the fringe width in a wedge — shaped \ .m and explain nature of

fringe pattern. *

7.2 What do you mean by a wedge- shaped film? Discuss ¥’ «ference due to it and obtain the
expression for the fringe width. «

71 31 Two plane rectangular piece of glass in contact > .dge and separated by a hair at opposite edge so

that a wedge is formed. When light of wave’ 6000 A falls normally on the wedge, 9 interference

fringes are observed. What is the thick é

N

nair?

O
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@ Experimental Arrangement

% The experimental arrangement to obtain Newton’s

»

Y

Rings is shown in figure
¥

Light from a monochromatic source (Sodium light)

S is converted in to parallel beam by a Lens L, *
Which falls on a glass plate G, oriented at an angle
of 45° with the vertical.
The light reflected by a plate G, turns through

and is incident normally on the wedge-sh- é n

* «nd the

formed between the Plano - convex )

glass plate G,

@no - convex

A microscope M placed abo’

Lens L, is used to see the chntric dark and Jy

bright Newton's rings



@ Newton’s Rings @

» When a Plano—Convex lens of large radius of curvature is placed on a p&glass plate, a thin film of air
is enclosed between the lower surface (convex surface) of the lens ‘b oer surface of the glass plate.
» The thickness of air film is zero at the point of contact and it gr& increases as we move away from

the point of contact.

» If a Monochromatic light 150 4 to fall on this air film then alternate Bright and Dark concentric Rings

with their Centre Dark are fC".ned. These rings are known as Newton's Rings.



@ » Newton'’s rings are formed due to the interference between the waves reflected from the top @
surface (R, ) and bottom surface (R, ) of wedge — shaped air film betv ’2 the Plano-Convex lens

and plane glass plate. w

Inference theory in Newton's Rings i
Path Difference «$

The path difference between Ry and R, is given - For normal incidence (r = 0)

A=2pt+ 2

A= 2 ut cos (r+ﬂ)i§ é

Since, @ is very — very small (6 = 0~ * For air ﬂ_lm (= 1}-

A A=2t42

ﬂzZptcnsri,o




@ Condition for constructive interference Condition for destructive interference @

| Maxima or Bright K NE :' [NMhinima or Dary r 1S )
We know that We know th-

Nt+da@neni=2n(d)sd-3

Zﬂt= na :./




@ Expression for diameter of Bright and Dark Newton’s Rings. @

» Let R be the radius of curvature of the Plano-convex lens and r be the m&m‘ a Newton’s ring where film

thickness is 1

AP X PC
Lg R— { \: {‘

\ L
- k)
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@ Centre of Newton’s Rings is Dark. Give reason

The wedge - shaped air film is formed between the curved surface of PV ’*H:unvex lens and plane

glass plate, therefore path difference between interfering rays in re”, dght will be

*\

A=2utcos (r+9)+§

At the point of contact (t = 0) @
A
a=2 A

Which is the condition for minimum intensir

2 the Centre of Newton's ring is dark

Fringes in Newton's Ring experimen? écuhr Give reason
*,E circular because the wedge-shaped air film is
«act of the lens with the plane glass plate and locus of all the

Fringes in Newton's Ring experi”

symmetrical about the poip’
points of equal thickness Otidncenn'ic circles with respect to the point of contact.



@ Application of Newton’s Rings Experiment
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Let D, = Diameter of n'" Dark Ring

D,,, = Diameter of (n+ p)™* Dark Ring

I.Il.-‘ |
D = 4nAR -
Disp=4(n+p)AR
Diip =4nAR + 4pAR

=

Ssubtract (1) fron
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The transparent liquid whose refractive index is to be determined is introdv Fl between lens and glass plate.

The diameter of n*" dark ring is given by w
pp=t2it (D *\
F —
, ., 4pAR T~
Diameter of (n + p)*" dark ring is given by @ Disp—Di = - — S )
03, =deME __ (3) A N
Subtract (1) from (Z2) e

4(n+p)AR an é
D:-I-p_ DE =_p]l - * Divide (4) by (3)
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@ Q.1 If in a Newton’s ring experiment, the air in the interspace is replaced by a liquid of refractive index @

1.33. In what proportion would the diameter of the rings changed. ’
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@ Q.2 A light source of wavelength 6000 A is used along with Plano — convex lens with radius of @

curvature equal to 100 cm in a Newton’s ring arrangement. Find "t the diameter of the 15"
y I

dark ring. . = L’Iﬂﬁf&_ j,ﬁ? — fghmm
(yven ; “ 0 : o
=3 ’H = (0 M
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@Q 3 Newton's rings are observed normally in reflected light of wavelength 6000 / A. The diameter @

l'.:—

of 10" dark ring is 0.50 cm. Find the radius of curvature of the le’ ’ and the thickness of the

t-

air film. D = Un i K |---
| 4 < Sl .-
1Y ey . *\ b K
0 J‘--;, —I"IJHD %&?DD AR ; 1
A=6o00A : L= (0-50) wy
o= 1D AK 2500
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@ Q.4 In Newton's rings experiment the diameter of 4™ and 12" dark ring are 0.400 cm and @

JIVED)

D"I - 0.Ucm
D”_ - G?f_m
Let D, = Diametn ﬂ% N tmg

Dﬂ‘rP = Diame L‘\J\mﬁ\ ma

0.700 cm respectively. Deduce the diameter of 20'" dark ring
1 A 1o e
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@ (). 5 Newton's rings are observed by keeping a spherical surface of 100 cm radius on a plane @

glass plate. If the diameter of 15™ bright ring is 0.590 cm and dia’ geter of 5™ ring 0. 336 cm.
What is the wavelength of light used ? d

o
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@ (). 6 Newton'’s rings are formed in reflected light of wavelength 6000 A with a liquid between @

the plane and curved surface. If the diameter of 6'™ bright ring is "1 mm and the radius of

curvature of the curved surface is 100 cm, calcutate the refr,'w adex of the liquid.
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@ Engineering Physics (By Gulshan Sir) @
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UNIT : Wave Optics e
NV

(). | Why the center of Newton's ring in reflected system is darki&

0.2 Describe and explain the formation of Newton's rings in ¢d monochromatic light. Deduce the
necessary expression for bright and dark rings.

0.1 Discuss the formation of Newton’s rings. Show *’ « - diameters of the bright rings are

.mbers.

.onochromatic light. Show that in reflected light, the

proportional to the square root of odd nat

(). 4 Describe the formation of Newton's rin’é

diameters of dark rings are propor’ .0 the square roots of natural numbers.

0.5 Describe how Newton's ring e* Q8" <nt can be used to determine the wavelength of light

(.6 Describe how Newton's ri” ~riment can be used to determine the refractive index of a liquid.
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