Engineering Physics Study Material Unit-I: Wave Optics
| UNIT I - WAVE OPTICS

NTERFERENCE

Introduction i

In the 17th century, the properties of light were explained by Sir Isaac Newton and
Christian Huygens. Sir Isaac Newton was explained the properties of light by introducing
Corpuscular theory in 1675. It explains reflection, refraction, and dispersion properties of
light. It fails to explain interference, diffraction, polarization, photo electric effect, and
double refraction.

In 1679, Christian Huygens proposed the wave theory of light. According to
Huygens wave theory, each point on the wave front is to be considered as a source of
secondary wavelets. It explains reflection, refraction, dispersion, double refraction,
diffraction, interference, and polarization properties of hght It fails to explain, photo
electric effect, black body radiation etc.

Interference of light

The best evidence for the wave nature of light is interference phenomenon This was
experimentally demonstrated by Thomas Young in 1801, through double slit experiment.
Due to interference, we will observe many observations in our day today life, such as
multiple colours on soap -bubbles as well as on oil film when viewed under sun light.
Interference concept is explained on the basis of superposition of wave's concept. When
two light waves superimpose, then the resultant amplitude or intensity in the region of
superposition is different than the amplitude of individual waves.

1. What is the principle of superposition?
Principle of Superposition of waves:

When two or more waves travel simultaneously in a medium, the resultant displacement

—at any point is due to the algebraic sum of the displacements due to individual waves.

Let y1 is the displacement of the particle of first wave in a given direction and y2is
Y

N\
]
] )
R — A
)|
(b} Mostly destructive interference '

{a) Mostly constructive ierfersnce Using the principle of superpesition to add individual waves
the displacement of the particle in second wave in the absence of the first wave. Therefore

according to principle of superpositlon, the resultant displacement is

R=y1t ya
» If the displacements are in the same direction then R = y1+y2.
» If the displacements are in opposite direction then R = y1-y2.

. R2 =a12+a22+2a‘agcos5
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I=R2 =a12+a22+2a1a2cosﬁ

This represents the equation of resultant intensity.
Case (i): Condition for maximum intensity:

I is maximum whencos 6 =+1 =>6=2nn, n=0,1,23..

2nn= (2r;/ A) path difference

path difference = n A
' I max = a12+a22+2a1a2
=(a1+a2)2
If al=a2 then | 402

Case (ii): Condition for minimum intensity:
[ is minimum whencos 6 =-1 =>8=(2n+l)m, n=0, 1, 2,3..
(2n+1) nt = (2rt/ A) path difference

=> Path difference = (2n+1) A/2
Imin = 8124852-22,8,
= (a1-82)2
Ifal=a2 then I min =0

2. What is coherence?
Coherence: Two waves are said to be coherent if they have same phase or maintaining

-constant phase difference between them. Hence coherence is a measure of the correlation

between the phases of the wave measured at different points.
Methods of producing coherent sources for interference:-
For the formation of interference pattern, two coherent light sources are required. To get
two coherent sources form a single light source, two techniques are used. They are
i. Division of wave front
ii. Division of amplitude
i. Division of wave front
The wave front from a single light source is divided into two parts using the phenomenon
of reflection, refraction, or diffraction. Young’s double slit experiment is belongs to this
class of interference.
il. Division of amplitude
The amplitude of a single light beam is divided into two parts by parallel reﬂectnon or

refraction. Newton’s ring experiment, Michelson’s interferometer belongs to this class of
interference.

3. What is interference?
Interference: Modification or redistribution of 11ght energy due to superposmon of light

waves from two coherent sources is known as interference. The phenomenon of
interference obeys law of conservation of energy.
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4. What are the types of interference? '
Types of Interference: i. Constructive Interference ii. Destructwe Interference

i) Constructive Interference: When crest of one wave falls on the crest of another wave,
the resultant amplitude is the sum of the amplitudes of two waves and intensity is
increased. Hence bright fringe is formed and it is known as constructive interference.
Condition: The path difference between the two waves is equal to the‘iqtegral multiple of
wave length (1) the constructive interference occurs.

-| path diference=nA Where n f’O, 1,2,3,4...

) : A= ar+a;

-+

- -

n

(Waves are in phase) Constructive interference

i) Destructive Interference: When crest of one wave falls on the trough of another wave,
the resultant amplitude is the difference of the amplitudes of two waves and intensity is
decreased. Hence dark fringe is formed and it is known as destructive interference.

:Condition: The path difference between the two waves is equal to the odd mtegral multiple
of A /2 destructive interference occurs

path diference = (2n-1)4/2 Where n = 1,2,3,4 ..

path diference = (2n+1]il/2 Where n =0,1,2,3, 4

/\/\/\/\/\/\/\/\

A=as-a2

7

%

(Close to 1 out of phase) Destructive interference

5. What are the conditions for sustained interference?
Conditions for sustained interference:

i. The two sources should be coherent.

ii. The two sources must emit continuous waves of same wavelcngth and frequency.
iii. The background should be dark. '
iv. The two sources should be monochromatic.
v. The amplitude of interfering waves should be equal.
vi. The two sources should be narrow.
vii. The distance between the two sources should be small,
viii. The distance between sources and screen should be large.'

KHIT, Guntur T T * 3

www.Jntufastupdates.com
Scanned with CamScanner



Engineering Physics Study Material Unit-I. Wave Optics

6. Explain the interference due to uniform thin films by reflected light or derive cosine
law? »

Interference in thin films by reflection: (Cosine law):

Principle:-

The formation of colours in thin films can explained using the phenomenon of
interference. In this example, the formation of interference pattern is by the division of
amplitude. : o

| consider a thin film of uniform thickness %’and refractive index 41", Let & monochromatic
light ray AB is incident on the upper surface of the film at point ‘A’ with an angle %’. The
incidence light ray AB is divided into two light rays ray 1 (BC) and ray 2 (EF) by the
division of amplitude principle. These two light rays BC and EF. are parallel and
superimpose and produce interference. The intensity of interference fringe depends up on
the path difference between the ray 1 and ray 2.

A phase change

ssesesasape

Thin p

flm t , ~——— o phase change

g
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Engineering Physics Study Material .
The path difference between the light rays (1) and (@)is
path dif ference = p(BD + DE) in {):ém tBh' in aiy . )
From ABDG , tosr = -B_D.,: 'B_D'_:"s BD . 'c;?
Similarly froin ADEG | (I:OST = oF = BE = DE b
| . @
From —  ABEH St = or = gores |
% BH =BG + GE).sini |
med'BDG and ADEG BG = GE =ttanr
BH = (2ttanr). sini
From Snell’s law at point B
: sini = pginr
“BH = thtanr sinr 3)

Substituting the-equations (2) qu{S) in equation (1), we get
Path dif ference — L= - 2jittaiit..sinr

=11utoosr
Aipotntil ﬂwhghtray (1):is reflected at the surface ofthlnﬂhn(densu'mdmm) So the hghtny[l)
underpoesa phasé ehanguormaddttmnalpathdﬁetencem.
Tmlmﬂldiﬁ&ence Eﬂtmsr--

Constructivé frterference (orBﬂght fridge)
General vondition; pathdifference — nd

x
2jit cos r—i =l

i
2utcost =nd- +3
2n+1
2t cos ( n;- ]1
Destruétive interference (or Dark fiidge)
General condition: pahdifference = (2n + 1)4

2ut cosT —3 =

Note: In case of transmitted light, the conditions for bright and dark fringes are
reversed than that of in reflected light. ' ‘
T e For bright fringe, ) 2utcosr=nA
¢ For dark fringe, . 2ut cos r = (2n+ 1) A/2

A

, ot L
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7. Write short note on colour in thin films? |
Colours of thin films: ., .
i When a thin film (Soap bubble) is exposed to a white light source beautiful colours are
observed.
The incident light will split up by reflection at the top and bottom surfaces of the ﬁimd .
i These splitted rays interfere with each other and produces interference pattern and 1s
responsible for colours.

iv. We have 2pt cos r = (2n+1) A/2 for bright fringe

v. 2pt cos r = n A for dark fringe.

vi Hence bright and dark fringes depend on p, t and r. Here t and r are made constant but
1 changes with wavelength. B : -
At a particular point of the film and at a particular position of the eye, only certain
wavelengths (colours) satisfy the condition for bright fringe. Hence only those colours

appear on thin film. B
The colours which satisfy dark fringe condition are absent. If position of the eye
changes, different set of colours are observed. ' .
ix We know that the conditions for bright and dark fringes in transmitted light .a.re
reversed than that in reflection. Hence colours which appear in reflected light
disappears in transmitted light.

B

g

B

8. What are Newton’s rings? Explain the formation of Newton's rings. Write the conditions
for maxima and minima?

Newton’s Rings: When a Plano-convex lens with its convex surface is placed on a plane
glass plate, an air film of gradually increasing thickness is formed between the two. At the
point of contact, the thickness of the film is zero, If monochromatic light is incident
normally and the film is viewed in reflected light we observe alternate bright and ‘dark

rings around the point of contact. These rings are known as Newton's rings.
Principle:-

0 —ivia = - k- R - R aenomenon

example, the formation of interference pattern is obtained by the division of amplitude.

Experimental arrangement :

» The experimental arrangement of Newton’s rings is shown in figure.

» The Plano -convex lens (L) of large radius of curvature is placed with its convex surface
on the glass plate (P). The Plano convex lens touches the glass plate at O.

» A monochromatic light is allowed to fall normally on the lens with the help of glass
plate M kept at 459 to the incident monochromatic light.

» A part of light is reflected by the curved surface of the lens L’ and a part of light is
transmitted and partly reflected back by the upper surface of the plane glass plate P.
These reflected rays interfere and give rise td an interference pattern in the form of
circular fringes. These rings are seen through a travelling microscope.

Explanation of Newton’s rings

Newton's rings are formed due to the interference between the light rays reflected

from t.he lower surface of the lens and the upper surface _of the glass plate (or top and
bottom surfaces of the air film). ' . :

> .-

KHIT, Guntur _

www.Jntufastupdates.com
Scanned with CamScanner




| Engineering Physics Study Material Unit-I: Wave Optics

Let a vertical light ray AB be partially reflected from the curved surface of plano
convex lens without phase change and partially transmitted light ray BC is again reflected
at C on the glass plate with additional phase change of r or path difference A/2.

L]
-

Plano-Convex Lens (L)

( *==""3— Plane Glass Plalo (P)
0o

Alr Fiim

The path difference between the two rays = 2utCosr+1/2
For air film u=1 and for normal incidence r=0, so
The path difference =2t+1/2
At the point of contact t=0, path difference is /2 i.e., the reflected and incidence light are
out of phase and destructive interference occur. So the center fringe is always dark.
Constructive interference (or Bright fringe)
General condition: pathdif ference=nA
2t+A/2=nd

2t=(2n-1)A/2 , Where n=0,1,2,...........

Pestructive interference (or Dark fringe)
General condition: pathdif ference=(2n+1)4/2
2t+1/2=(2n+1)2/2
2t=n A , Where n=0,1,2,...........

Theory of Newton’s rings

To find the diameters of a dark and bright rings construct a circle with the radius of
curvature R of a lens L. Let us choose a point P at a distance T’ from the center of lens
and t be the thickness of air film at point p. ‘

- .
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From the property of acitcle NP.NB = NO.ND
rr t.(2R—t)

= 2Rt —t*

Iftis small ¢2 is meglipible.
r?=2Rt
. .
T

Forhright ring, the condition is 2¢ = '(.Zn-‘— )3
2r?
2R

=(2n- 1)._
r?f;.=,w
‘ 2
T
4 2
D? = 2(27l 1)m

P —‘/(Zn 1 J_
D o f(2n - -1).
D«Voddmnu-ammber

Darksings
Foi ik ring, the conditions

t=nad

2%

2 ="

P =niAR
By replacitig r'by D/2, lie dianieter of the dark ring is

D?

T'= niR

D —2VniR
D « vn
D o Vratural number

Note: suppose a liquid is taken in between the lens and glass plate havmg refractive index , then the
diameter of the dark n® dark ring can he writfen as :

a van AR
I

L4
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9. What are the applications of Newton's rings?
Applications of Newton's rings:
1. Determination of wave length of sodium light using Newton's rings:
By forming Newton’s rings and measuring the radii of the rings formed, we can calculate
the wavelength of the light used if the radius of curvature of the lens is known. Let R be
the radius of curvature of the lens and 4 is the wavelength of the light used.
So the diameter of the m*» dark ring can be written as
D=4 M AR .cvrcreiscrisisinsnrians (1)

Similarly the diameter of the nt dark ring is

. Da2=4 N AR ccovirirnaninnnissnanns (2)
Subtracting equation (1) from (2)
we get Du2-Dm3=(4 nA R)-(4 m A R)

Dp3-Dm?=4 (n-m) AR

3= Do’ =Dt
T dn—m)R
Using the above relation wavelength can be calculated

3. Determination of refractive index of a liquid using Newton’s rings:
By forming Newton'’s rings and measuring the _
diameter of the rings formed, we can calculate the _ Newtoangs o
refractive index of the liquid. Determination of refractive index of liquid:
In air film, the diameters of the mt and nth darkrings )
are Dm and D, are measured with the help of travelling
The diameter of the n® dark ring is

D2=4 N AR cuucrecnnnn - (1)
The diameter of the mt dark ring is-

DuZ=8 MAR v V)
Subtracting equation (1) from (2) we get

Dy2— Dm2=[4 (n—m) A R]......... (3)
The Newton’s rings setup is taken in a liquid. Now the air film is replaced by liquid film. In
liquid film, the diameters of the same nt and m* dark rings are D', and D' are measured
with the help of travelling microscope. ,

2 4nikR
Dy ==,
And D'p’= ":"
S0 g A A @ )
Dividing equation (3) by (4)
D> -Dn’ 4(m—m)AR
D'ﬂz — D'mz ~ 4(n -‘;“m!'). R
pnz - D_mi = )
D'rl2 - D'mz
Using the above relation’u can be calculated. .
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10. What are the applications of interference?

Applications of interference: Interference phenomenon is used to
i,
ii.

Determine the wavelength of light. :
Find the difference in wavelengths of two spectral lines having small separation.

Find the thickness of transparent materials.

Determine the refractive index of transparent solids, liquids and gases.
Find the velocity of light (Michelson interferometer experiment).

Test the optical flatness of surfaces.

Find the reflecting power of the lens and prism surfaces.

ssignm estions
What is the principle of superposition?
What is interference? What are the types of interference?
What are coherent sources?
What are the conditions for sustained interference?
What are the applications of interference?
Explain the interference of light due to thin films or derive cosine law.
Write a short note on colors in thin films.
Discuss the theory of Newton's Rings with relevant diagram and discuss its

applications.
Problems

Newton'’s rings are observed in the reflected light of wave length 5900 AO. The diameter

of 10th dark ring is 0.5 cm. Find the radius of éurvature of the lens used. (Feb 2011,
Set No.4), (July 2011, Set No.3; Ans: R=1.059m)

A parallel beam of light (A-5890A0) is incident on a glass plate (4=1.5) such that angle

of refraction into plate is 600, calculate the smallest thickness of the plate which will
make it appear dark by reflection. (Feb 2011, Set No.2, Jan 2012, Set No.2, Ans:
t=3.926 x 10-4mm)

. In Newton’s rings experiment, the diameters of the 4th and 12th dark rings are 0.40 cm

and 0.70 cm respectively. Find the diameter of the 20th dark ring. (Jan 2012, Set No.3,
Ans: Dy = 0.905m)

. In Newton’s rings experiment, the diameter of the 10th ring changes from1.40 cm to

1.27 cm when a liquid is introduced between the lens and the plate. Calculate the
refractive index of the liquid.(Jan 2012, Set No.4, Ans: p=1.215)
In Newton’s rings experiment, the diameter of the 15th ring was found to be

0.59 cm and that of the 5th ring was 0.336 cm. If the radius of the plano convex lens is
100 cm, compute the wavelength of light used. (June 2012, set No.1, Set No.4, Ans: A =
588 nm) |

Calculate the thickness of a soap film (u=1.463) that will result in constructive
interference in the reflected light, if the film is illuminated normally with light whose

wave length in free space is 6000 AD.(June 2012, Set No.2, Ans: t=1.025 x.10'4mm)
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Objective Questions

1. The wave nature of light is evidenced by

a) Photo electric effect , b) interference

c) Black Body Radiation d) emission

2 In interference the intensity of light gets

a) Modified b) Remains same

c) both (a) &(b) d) None

3 Path difference between coherence wave is

a) Constant b) Zero c) Both (a) & (b) d) None

4. Two light sources are said to be coherent if their waves have

a) same frequency b) constant phase difference

c) same wavelength d) All the above

5 In super position of waves of constant phase difference, the resultant amplitude
is maximum when @= ‘

a) 2mn  b)non c(2n-1)m d) none

& In super position of waves of constant phase difference, the resultant amplitude is
minimum when @=

a) 2rm b)nn c)j(2n-1)nx d)none

7. ‘The resultant intensity of the superposition of waves of constant phase difference is

a) I=2a2 cos2¢/2 b)I=4a2 )I-2a2sin2 @/2 d)I=4a2 sin2 @/2

& The resultant amplitude of waves of equal phase and frequency is
a) -sum of the amplitudes of individual waves
b) difference of amplitudes of individual waves

y P ¢ amnlitudes of individual

d) none

9. Two light beams interfere have their amplitudes in the ratio 2:1 then the intensity
ratio of bright and dark fringes is “

a)2:1 b) 1:2 c) 9:1 d) 4:1
10. In super position of waves of constant phase difference , the phase angle ¢
a) tan"l[b sin ¢/ a+b cos @] b) tan -1 [b cos @/a+b sinq)
c) tan -1 [b sin @/a sin ¢ +b cos ] d) tan-1[ b / a+b cos @)

L] L] -

11. Newton'’s rings and Michelson's interferometer experiments are example for
a) Division of amplitude b) Division of wave front
c)Botha &b . d) none

12.-In Newton’s rings experiment the condition for bright.fringes in the case of reflected
light
a 2t = (n+1)A/2 b)2t=(2n-1)A ¢)2t=(n-1)4 . d)2t=nA .

11
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13. In Newton's rings experiment the condition for dark fringes in the case of reflected
light

a) 2t =niA b) 2t = (2n-12 c) 2t = (n-1)A/2 d) none

14. In Newton’s rings experiment, wave length

a) D2n+p -D2n /4PR b) D2n-D2n+p/4PR

¢)D2n+p +D2n /4PR d) D2n+p - D2n/4)R

15. The refractive index of the liquid from Newton’s rings p=

a) D2n+p -D2n/ D2n+p -D2n b) D2n+p -D2n / D2n+p -D2n

¢) D2n+p +D2n/ D2n+p-D2n d) D2n+p -D2n/ D'2n+p -D'2n

16. In Newton's rings experiment the diameter of dark ring is proportional to

a) Odd number b) natural number

¢) Even natural number - d) square root of natural number

17. When light wave suffers reflection at interface between glass and air, the
change of phase of reflected wave is equalto _
a) /2 b) t c) zero d) 2nt
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DIFFRACTION

Introduction:

The wave nature of light is first confirmed by the phenomenon of interference.
Further it is confirmed by the phenomenon of diffraction. The word ‘diffraction’ is derived
from the Latin word diffractus which means break to piece. When the light waves
encounter an obstacle, they bend round the edges of the obstacle. The bending is
predominant when the size of the obstacle is comparable with the wavelength of light. The
bending of light waves around the edges of an obstacle is diffraction. It was first observed
by Francesco Gremaldi.

1. Define diffraction. Give examples of diffraction.

Definition of Diffraction: The phenomenon of bending of light round the corners of
obstacles and spreading of light waves into the geometrical shadow of an obstacle placed
in the path of light is called Diffraction.

——

A slq geomekrical shadow

The effects of diffraction can be seen in everyday life. The most colourful ‘examples of

diffraction of light are

1. The closely spaced tracks on a CD or DVD act as diffraction grating to form a rainbow
" hen looki t o disk.

2. The hologram on a book or debit card.

3. Diffraction in the atmosphere by small particles can cause a bright ring to be visible
around the sun or the moon.

4. A shadow of a solid object using light from a compact source shows small fringes near
its edges.

‘Explanation: Consider light waves diverging from a narrow slit ‘S’ illuminated by a mono
chromatic source ‘O’ and passes towards an obstacle AB. A small portion of light bends
around the edge and forms a geometrical shadow on the screen which is not sharp. Outside
the shadow parallel to its edge several bright and dark bands are observed. Thus when |
light falls on obstacles whose size is comparable with wavelength of light, the light bends
round the corners of the obstacles or aperture and enter in to the geometrical shadow. It
was found that diffraction produces bright and dark fringes known as diffraction bands or
fringes. According to Fresnel, the diffraction phenomenon is due to mutual interference of
secondary wavelets originating from various points of the same primary wave front which
are not blocked off by the obstacle. Henee diffraction is also known. as selfinterference.
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2. What are the types of diffraction?

Types of diffraction: The diffraction phenomena are classified into two ways

i. Fresnel diffraction
ii. Fraunhofer diffraction. .
Fresnel diffraction:-

In this diffraction the source and screen are separate
| diffraction lenses are not used because the source and
This diffraction can be studied in the direction of propagatio

the incidence wave front must be spherical of cylindrical.

Fraunhofer diffraction:-

In this diffraction the source and screen are separated at infinite di
diffraction lenses are used because the source and screen separated
This difffaction can be studied in any direction. I

front must be plane.

3. Write the differences between Fresnel diffraction and Fraunhofer diffraction.

d at finite distance. To study this
screen separated at finite distance. -
n of light. In this diffraction

stance. To study this
at infinite distance.
n this diffraction the incidence wave

Fresnel Diffraction

Fraunhofer Diffraction

1. The source and the screen are placed
at finite distances from the obstacle

1. The source and the screen are placed
at infinite distances from the obstacle

6. It is general approach.

7. Mathematical treatment is
complicated.

8.Examples: Diffraction at a straight
edge, thin wire, narrow
slit, a small hole etc.,

quite

producing diffraction. producing diffraction.
2. No lenses are used for making the| 2. Lenses are used for making the rays
rays parallel or convergent. . parallel or convergent.
3. The incident wave front is either|3. The incident wave front is plane.
spherical or cylindrical. 4. Extended source at infinite distance
4. Either a point source (or) an isused. ‘
flluminated narrow slit is used. 5. This is also called far-field
5. This is also called near-field diffraction.

7. Mathematical treatment is simple
8. Examplés: Diffraction at a single slit,
double slit and n slits (grating) etc.,
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Engineering Physics Study Material Unit-I: Wave Optics
4. Write the differences between interference and diffraction.
Differences between Interference and Diffraction:

Diffraction ‘ Interference

1. It is due to interaction of light waves | 1. It is due to interaction of light waves
coming from different parts of the same coming from two different wave
wave front. It is also called as self fronts originating. from the same

interference. source (i.e. coherent sources).
2. D@nﬁon bands decrease in their 2. Interference bands are of equal width
width as the ordt-zr increases. i.e. all are equally spaced.
S, inme bright fringes are of varying| g y ype bright fringes are of the same
tensity. intensity.

4. Points of minimum intensity are not|, p,inie of minimum intensity are
perfectly _:lhark. Hence fringes will not perfectly dark. Hence fringes will
appear with contrast. appear with contrast.

5. Explain Fraunhofer diffraction due to single slit.

Fraunhofer single slit diffraction:

Let us consider a slit AB of width ‘¢’. Let a plane wave front ww' of monochromatic light of
wavelength 2 is incident on the slit AB. '

According to Huygens principle, every point on the wave front is a source of secondary
wavelets. The wavelets spread out to the right in all directions. The secondary ‘wavelets
which'are travelling normal to the slit are brought to focus at peint Po on the screen by
{ using the lens. These secondary wavelets have no path difference. Hence at point Po the
intensity is maxima and is known as central maximum. The secondary wavelets travelling
at an angle 6 with the normal are focused at point P1.

—1— | | -t =10
v L% -7F | :
—hp—e
WI B V ' .
Plane ' Lens - Screen

Wave Front Siit

Intcngity at pqint P1 depends up on the path difference between the wavelets A and B
rAeachmg to point P1. To find the path difference, a perpendicular AC is drawn to B from

The path difference between the wavelets from A and B iﬁ the direction of B is

—_— ———
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Engineering Physics Study Material Unit-1: Wave Optics
-path difference = BC = AB sin ¥
=esind
phdse dif ference = — (pa.th dif ference)
Zn(e sin8)
A
Let the width of the slit is divided into 'n’ equal parts and the amplitude of the wave front

each part is ‘a’. Then the phase difference between any two successive waves from these
parts would be

indy
—(iohase dif ference): ——,- M:“ ) d

Using the vector addition method, the resultant amplitude R is

o ain
R=R ‘“: d “na = Aand av.=.—-m"§“o-

erefore resultaiit iritenisity I = R _: 'AZ (ﬁﬂ%)z

Principal masximum:-
The resultant amplitude R can be written as

Af  of af a”
e R\t E T _z!_ = ) e ]

A “z ot
il 4y

Ba G e _
. az a* af ‘
_‘4( “wIrtE At )

In the above expression for a=0 values the resultant amplitude is maximum R=4, then
lmu-RQ-Az

e sin 6 0
O = ==
. . A )
sinf =0
=0

For 6=0 and a=0 value the resultant intensity is maximum at PO and is known as
principal maximum,
Minimum intensity positions: | Will be minimum when sina=0

-

KHIT, Guntur I 1 |

www.Jntufastupdates.com
Scanned with CamScanner



Engineering Physics Study Material ' Unit-I: Wave Optics

a=dmn m=12345.....
e sin @
a= 1 = +mm
nesin § = +md

So we obtain the minimum intensity positions on either side of the principal maxima for
all a=tmx values.

Secondary maximum

In between these minima secondary maxima positions are located. This can be obtained
by differentiating the expression of I w.r.t a and equation to zero

dr d e [siia ' —0
da dal o
,2sina d 42) o
a dac -

A [ e 1=9

In the above expression a can never equal to zero,
so either sina=0 or acosa—sina=0
sina=0 gives the positions of minima
The condition for getting the secondary maxima is acosa—-sina=0

acosa=sina

a =tana

The values of a satisfying the above équation are obtained graphically by plotting the
curves Y=a and Y=tana on the same graph. The plots of Y=a and Y=tana is shown in

| figure.

- _yma
=5 —3x| 5x
2 2
—

In the graph the two curves intersecting curves gives the values of satisfyihg of a

satisfying the above equation. From the graph intersecting points are
a=0,£3n/2,25n/2 Tn/2............

Ero:_n the above concepts the intensity distribution curve verses a is shown in figure.
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/

_8x 5x 2 8re-x 0 7 3r 2r 5r 3

2 2 2 2
.._‘ . u__’

6. Explain Fraunhofer diffraction due to double slit and explain the int'ensity distribution.

Fraunhofer diffraction by a double slit:

Description: Consider two parallel slits AB and CD of equal width ‘e’ and separated_ by
distance ‘d’. The distance between the midpoints of the two slits is (e+d). Let a parallel
beam of monochromatic light incident on the two slits normally. Then the light will be
focused on the screen XY placed at the focal plane of the lens. The diffraction at two slits
is the combination of diffraction as well as interference.

1 ..,
Y
B

] (e R
L W -

- r
<A1\

Y
screen

Explanation: When a plane wave front is incident normally on both slits, the secondary
wavelets come to focus at PO and the secondary wavelets traveling at an angle 8 with
normal come to a focus at P1.

Theory: For simplicity let us assume the two slits equivalent to two coherent
sources S1 and S2 each sending a wavelet of amplitude A in a direction 6. The resultant
amplitude at P1 will be the result of interference between two waves of amplitude (A) and
having phase difference 6 between them. To find 6, draw a perpendicular S;K on S;K.

Path difference between wavelets from S, and S; = S;K = (e+d) sin®

Phase difference 6 = (e+d) sin 0. ' '
Resultant amplitude R2 = a,2+a,2+2a,a,c0s6
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gina

=A"a P+ {A-‘-%f}2+2{A ":_. XA "‘-ﬂ}cosﬁ
= {A 2n2)% [1+1+2c088] = {A £2%? 2[1+cosb]

={A 1ma )’ 2[2c0s%6/2)
R’=4§":—' P cés.’a/z

R%= 4 Aﬂ{th =20 2,1'[("!’?!1!!3}

n(c+d);lu8

R2 = Aar—':—f}zoosaﬁ where f = =—

I=R2= 4A2 {'%E}zeoszﬁ

Intensity distribution: The resultant intensity depends upon two factors _
1. 4A2 (=2 which is same as that of single slit diffraction. This gives the intensity

distribution in the diffraction pattern due to single slit.

2. cos2B which gives the interference pattern due to waves starting from two parallel

slits.

‘Therefore the resultant intensity at-any point on the screen-is-the product of these twe-

factors.

In the diffraction pattern,

> The central maximum is obtained in the direction 0= 0. :

» The minima are obtained in the direction givenby e sin@=+m i, m=1, 2, 3, -

> The positions of secondary maxima approaches to a = 0, + 3n/2, +6n/2 and soon.

In the interference pattern,

The maxima are obtained in the direction given by cos2f =1 ==> § = + nn
m "'ﬂn =E> (e + d)slno = '.' Ill. ngo. 1 2 ese

The intensity distribution in diffraction pattern, interference pattern and thc

resultant pattern are as shown respectively.,
1

Resultant diffraction pattem barorase paran
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7. What is plane diffraction grating? Explain grating spectrum.

Plane diffraction grating:

Construction: An arrangement consisting of large number of parallel slits of the same
width and separated by equal opaque spaces is known as diffraction grating. Fraunhofer
constructed grating by placing large no. of parallel wires closely side by side at regular
intervals. Now gratings are constructed by ruling equidistant parallel lines on a
transparent material glass with a fine diamond point. The ruled lines are opaque to light
and the space between the lines is transparent to light and acts as slit. This is known as
plane transmission grating. If the lines are drawn on silvered surface then it forms plane
reflection grating. Commercial gratings are produced by taking the cast.of an acl_mal
grating on a transparent film like that of cellulose acetate. Solution of cellulose acetate is

" poured on the ruled surface and allowed to dry to form a thin film, detachable from the

surface. These impressions of a grating are preserved by mounting the film between two
glass sheets.

Transparent (Slit) '
(e+ d)r ~—— Opaaue

Ruled Lines

Transparent Materials

Lt
Let ‘e’ be the width of the line and ‘d’ be the width of the slit. Then (e+d) is known as
grating element. If N is the number of lines per inch on the grating, then
N (e+d) =17=2.54 cm

o etd=254Ncm_ | |
There will be nearly 30,000 lines per inch of a grating. Due to the above fact, the width of
the slit is very narrow and is comparable to the wavelength of light. When light falls on
the grating, the light gets diffracted through each slit. As a result, both diffraction and

interference of diffracted light gets enhanced and forms a diffraction: pattern. This pattern
is known as diffraction spectrum. - ,

Grating SBpectrum

The condition to form the principal maxima in a grating is given by (e+d) sin 8 = nA

Where (e+d) is the grating element and the above equation is known as grating equation.
From the grating equation, the following is clear. '

1. For a particular wavelength A, the angle of diffraction © is different for principal
maxima of different orders. ' '

2. As the number of lines in the grating is large, maxima appear as sharp, bright parallel
lines and are termed as spectral lines. : ~
3. For white light and for a particular order of n, the light of different wavelengths will be
diffracted in different directions. s '

4. At the center, =0 gives the maxima of all wavelengths which coincides to form the
central image of the same colour as that of the light source. This forms zero order (Fig.)

KHIT, Guntur 20

www.Jntufastupdates.com
Scanned with CamScanner




Engineering Physics Study Material : Unit-I: Wave Optics

5. The principal maxima of all wavelengths forms the first, second,... order spectra for
n=1,2,...

6. The longer the wavelength, greater is the angle of diffraction. Thus, the spectrum
consists of violet being in the innermost position and red being in the outermost
positions.

7. Most of the intensity goes to zero order and the rest is distributed among other orders.
8. Spectra of different orders aré situated symmetrically on both sides of zero order.
9. The maximum number of orders available with the grating is nmx = (e+d)/ 4

BN N R e

Ry A,
Sec':Ond\\_ Vz/
Order Ry v, v, Ry On:lar

First _ ‘2ef0.  First
Order Order  Order

8. Explain diffraction due to N-Slits?
Diffraction Grating-Normal incidence~(Diffraction at N parallel slits)
Construction

An arrangement consisting of large number of parallel slits of the same width and
separated by equal opaque spaces is known as diffraction grating. Fraunhofer used the |
first grating consisting of a large number of parallel wires placed very closely side by side
at regular intervals. The diameter of the wires was of the order of 0.05mm and their
spacing varied from0.0533 mm to 0.687 mm..Now_ gratings are constructed by ruling
equidistant parallel lines on a transparent material such as glass with a fine diamond
point. The ruled lines are opaque to light while the space ‘between any “two lines is
transparent to light and acts as a slit. This is known as Plane transmission grating. On the
other hand, if the lines are drawn on a silvered surface (plane or concave) then the light is
reflected from the positions of mirrors in between any two lines and it forms a plane or
concave reflection grating. When the spacing between the lines is of the order of the
wavelength of light, then an appreciable deviation of light is prqduced.
Theory .
Fig. represents the section of a plane transmission grating placed perpendicular to
the plane of the paper. Let ,e" be the width of each slit and “d" be the width of each
opaque part. Then (e+d) is known as grating element. XY is the screen placed
perpendicular to the plane of a paper. Suppose a paralle] beam of monochromatic light of
wavelength A be incident normally on the grating. By Huygen"s principle, each of the slit
sends secondary wavelets in all directions. The secondary wavelets travelling in the same

-

-
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Engineering Physics Study Material Unit-I: Wave Optics
direction of incident light will come to a focus at a point Po of the screen as the screen is |
placed at the focal plane of the convex lens. The point Po will be the central maximum.
Now, consider the secondary waves travelling in a direction inclined at an angle 6 with the
direction of the incident light. These waves reach the point P1 on passing through the
convex lens in different phases. As a result, dark and bright bands on both sides of the
central maximum are obtained.

X

£
4
o

L ) —* 1P

LU
25121222

%
©

Fig. Section of a Plane transmission grating

The intensity at point P, may be considered by applying the theory of Fraunhofer
diffraction at a single slit. The wavelets proceeding from all points in a slit along the
direction © are equivalent to a single wave of amplitude (A sina/a) starting from the
middle point of the slit, where ' '

a = (e sin©/A).
If there are N slits, then there will be N diffracted waves, one each from the middle points
of the slits. The path difference between two consecutive slits is (e+d)sin®. Therefore,
there is a corresponding phase difference of (2r/A)(e+d) sin® between the two consecutive
waves. The phase difference is constant and it is 2.
Hence, the problem of determining the intensity in the direction © reduces to finding the
resultant amplitude of N vibrations each of amplitude (A sinec/ ) and having a common
phase difference :
(2r/4) (e+d) 8in®© = 2 — (1)
Now, by the method of vector addition of amplitudes, the direction of © will be
R*= (Asinx/x) (sinNg/sinf)
And I = R2 = (Asin«/x)2 (sinNB/sinf)? = Lo (sinx/x)? (stn2NB/sin2p) — (2)
The factor (Asinx/x)? gives the distribution of intensity due to single slit while the factor
(sin2NB/sin2p) gives the distribution of intensity as a combined effect of all the slits. -
Intensity distribution in N-Slits '
Principle maxima
The intensity would be maximum when sinf = 0. or f=&nn where, n=0, 1, 2, 3,...
but at the same time sin NB=0, so that the factor (sinNp/sinf}) becomes indeterminate.
By applying the Hospital's rule -
The resultant intensity is [=R?= (4 sino/c)2.N?
The maxima are most intense and are called as pringipal maxima. -
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The maxima are obtained for

p= inmw

[ (e+d) sin ©]/ A = inw

or e+d sin8= ind Where, n=0, 1, 2, 3...
n=0 corresponds to zero order maximum. For n=1, 2 3...etc., the first, second, third, etc.,
principal maxima are obtained respectively. The + sign shows that there are two principal
maxima of the same order lying on the either side of zero order maximum.
Minima
A series of minima occur, when Sin Nf = O but sinp#0
For minima, Sin N =0

NB=%mn

[Nz (e+d) sinB)/ A =t mn

N (e+d) sin© = £ mi
Where m has all integral values except 0, N, 2N ...nN, because for these values sinp
becomes zero and the principal maxima is obtained. Thus, m = 1, 2, 3... (N-1). Hence,
they are adjacent principal maxima.
Secondary maxima
To find out the position of these secondary maxima, equation (2) must be differentiated
with respect to B and then equate it to zero. Thus, dI/df = 0 and on solving

N tang = tan NP

The roots of this equation other than those for which B = inn give the positions of
secondary maxima. To find out the value of (sin? NB/sin?f) from equatmn N tanp = tan
NB; a triangle shown below, in the figure is used.

Mﬂm‘ﬁ

: 14-;#2.-1)_.:- 2p
Tt ﬁ _intonsity of cocondary maxima:
Intensity of princtpa | magsma 1+(N“-4)ﬂﬂ‘ﬁ
As N increases, the intensxty of secondary maxima relative to principal maxima decreases
and becomes negligible when N becomes large.
Figures (a) and (b) show the graphs of variation of intensity due to the factors sin2e /2
and sin?Ng /sin? B respectively. The resultant is shown in figure (c).

/ 1S oo/ o
- - -
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=)
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9. What are the characteristics of grating spectra?

Characterization of grating spectra:

i Spectra of different orders are situated symmetrically on the both sides of zero order
image.

ii. Spectral lines are almost straight and quite sharp.

iii. Spectral lines are in the order from violet to red.

iv. The spectral lines are more and more dispersed as we go to higher orders.

v. Most of the incident intensity goes to zero order and rest is distributed among the other
orders.

10. Explain the condition for maximum number of orders available with grating?
‘| Maximum no. of orders available with a grating:
For principal maxima, (e+ d)sinf = ni

R (--I'd::{nﬂ
The maximum angle of deflection is 8 = 90° o (n)max s 28 <

1
Where N=_37 = Number of lines per unit distance of grating.

1
(N)max < S_"iﬂ. <%
This condition gives the maximum number of orders possible with a grating.
Ex: If N=5000 lines/cm and A = 420 nm then (N)max S 4.76
Here n has to be an integer, so maximum number of orders possible is only 4.

11. Explain dispersive power of a grating.
Dispersive power of grating:

Dispersive power of grating is defined as the ratio of variation of angle of diffraction with
wavelength.

If 01 & 62 are the angles of diffraction in a particular order for wavelengths 218 A2

61 -62
Respectively, then a1-az is called dispersive power. If A1-A2 is very small then it

was represented by a8

a
We have Ce+ d)sind = i differentiating w.r.t A we have (e+d) cos@ d@ =n dA ==>
5 -
a0 . n . -
'] (e+d) cord
h 'l 3
Therefore “ax = vy onsd
Therefi 28, 2L, 1 . 401
crelore a T T A ® o
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12. Explain the determination of wavelength of light by a diffraction grating.
Determination of wavelength:

To determine the wavelength of mono chromatic light using diffraction grating and
spectrometer, the procedure is as follows.
1. The collimator C of the spectrometer is adjusted to produce parallel
rays and the telescope T is adjusted to receive the parallel rays by
| focusing the distant object. ' '
2.The grating G is placed on the grating table such that it is normal to
the axis of collimator. It is illuminated by source whose wavelength is to
be determined. .
3. The telescope is slowly turned to one side and coincide the first order ./,
diffracted image with vertical cross wire of eyepiece. The reading of i
telescope is noted. f
4. Now the telescope is turned to another side and coincide the first orderf; )
diffracted image with the vertical cross wire of eyepiece. The reading of8 * € c
telescope is noted. The difference of these two readings gives 260,
By substituting the value of 0 in the given equation A can be determined.

A= ll!l’

Where n is order of the spectrum and N is no. of lines per unit width of the grating.
13. What is resolving power? Derive the expression for resolving power of .grating.

| Resolving power: When the two objects are very near to each other or at very large
distance from our eye it cannot able to see them separately. To see them separately, optical
~ | instruments like telescope, microscope, prism and grating etc. are employed. Thus an

{ optical instrument is said to be able to resolve two point objects if the corresponding
diffraction patterns are distinguishable from each other.

Definition of resolving power: The ability of the instrument to produce two separate
images of very close objects is known as resolving power. - -

Resolving power of a grating: The resolving power of a diffraction grating is its ability to
separate 'spectral lines which have nearly the same wavelength. This is measured by
(A/dA) where dA is the smallest difference in two wavelengths which are Just resolvable by -
_grating A is the wavelength of either (or) mean wavelength

. ]
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Expression for resolving power of grating:

EEEREER

Let AB be the plane transmission grating having grating element (e+d), N be the total no. of
slits. Let a beam of light having two wavelengths A and A+dA incident normally on the
grating. P1 is nt primary maximum of spectral line of A at an angle of diffraction 6n and
P2 is the nt primary maximum of A+dA at an angle of diffraction (6n+d6n). According to
Rayleigh criterion, the two wavelengths will be resolved if the position P2 corresponds to
first minimum of P1 and vice versa. Consider the first minimum of P1 in the direction of
(6n+d6n). '

The principal maximum of A in the direction 6n is given by

(e+d) sin 6n ='nA -----—---- (1) .
Similarly the principal maximum of A+d A in the direction (6n+d6n) is given by
(e+d) sin(6+d6n) = n (A+dA) . 2)

The path difference between the rays corresponding to the angle of diffraction 6n and
(6n+d6n) is (A/N), where N is the total number of lines on the grating surface.

n (A+dd) - nA = A/N
n.d = A/N

i A A
=¢E=nu =baan, u“‘N

This is the required equation.

15. What are the applications of diffraction?

Applications of diffraction: : :

1.The wavelength of spectral lines can be measured by using diffraction grating.
2.The wavelength of x-rays can be determined by x-ray diffraction. i
3.The structures of the crystal can be determined by the x-ray diffraction.

4.The velocity of sound in liquids can be determined by using ultrasonic diffraction.

5.The size and shape of tumors, ulcers etc., inside the human body can be assessed by"
ultrasound scanning.

-
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Assignment Questions

1. What are the differences between interference and diffraction?

2. What are the types of diffraction and give differences between them.

3. What is meant by diffraction of light and explain Fraunhofer diffraction due to single
slit.

4. Give the theory of Fraunhofer diffraction due to double slit. Using this obtain intensity
distribution curve.

5. Explain with the necessary theory of Fraunhofer diffraction due to n slits.

6. What is resolving power? Derive the expression for resolving power of grating.

7. Explain the determination of wavelength of light by a diffractioh grating.

8. What are the applications of diffraction?

9. Explain dispersive power of a grating

Problems

1. How many orders will be visible, if the wave length of light is S000 A°. Given that the
number of lines per centimeter on the grating is 6655 (Ans: 3)

2. Show that the grating with 500 lines / cm cannot give a spectrum in the 4™ order for
the light of wavelength 5890A°. _
3. A plane transmission grating having 4250 lines per cm is illuminated with sodium light
normally. In second order spectrum the spectral lines are divided by 30° are observed. Find |
the wavelength of the spectralline. (Ans: A = 5882 A”)

4. A diffraction grating having 4000 lines / cm is illuminated normally by light of
wavelength 5000A°. Calculate its resolving power in the third order spectrum. (Ans: 1mm,
2

szl)gratmg has 6000 lines/cm. Find the angular separation b/w two wave lengths 500
mm and 530-mm-inthe 37d order. (Ans: d6 = 2.489 :
6. Find the highest order that can be seen with a grating having 15000 lines / inches. 'I'he
wave length of the light used is 600 mm. (Ans: 2)

7. A plane transmission grating having 6000 lines / cm is used to obtain a spectrum of
light from a sodium lamp in the second order. Calculate the angular separation between

two sodium lines D1 and D2 of wave length 5890A° and 5896 A°. (d6 = 0.06")
Objective Questions

1 When white light is incident on a diffraction grating, the light that will be deviated
more from central image will be
a. Yellow- b. Violet . c. Indigo d. Red .

2 The diffraction phenomenon is
.a. Bending of light around an obstacle b. rectilinear propagatlon of light
¢. Oscillation of light wave in one direction - - d. None of them -

3. To find prominent diffractiory, the size of tHe diffracting objects should be
a. Greater than the wavelgngth of light used b. Of the order of wavelength -of light
c. Less than the wavelength of light . | d. None of them

-
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4. In Fresnel diffraction

a. Source of light is kept at infinite distance from the aperture

b. Source of l!ght is kept at finite distance from the aperture

c. Convex lens is used

d. Aperture width is selected so that, it can act as a point source.

5 In Fraunhofer diffraction, the incident wave front should be

a. Elliptical b. Plane c. Spherical  d. Cylindrical
6 Significant diffraction of X-rays can be obtained

a. By a single slit b. By a double slit

c. By a diffraction d. By an atomic crystdl

7. Rising and setting sun appears to be reddish because
a. Diffraction sends red rays to the earth at these times
b. Scattering due to dust particles and air molecules is responsible for this effect
c. Refraction is responsible for this effect
d. Polarization is responsible for this effect

& The penetration of waves into the regions of the geometrical shadow is
a. Interference b. Diffraction c. Polarization d. Dispersion

9. In a single slit experiment if the slit width is reduced
a. The fringes become brighter  b. The fringes becomes narrower
c. The fringes become wider d. The colour of the fringes changes

10 In dJﬁ-actlon due to double slit we observe
a. Wider interference fringes and narrower diffraction bands
b. Interference and diffraction fringes of equal width
c. Wider diffraction bands and within that narrower interference fringes
d. Diffraction pattern due to both the slits independently

11 In double slit diffraction if the width of the slit is equal to the spacing between the slits
then - - - P P =
a. Even order interference maxima will be missing
b. All interference maxima will be present
c. All interference maxima will be missing
d. Diffraction fringes & interference fringes exactly coincide and hence totally
disappear.

12 A parallel beam of mono chromatic light falls normally on a plane diffraction grating

having 5000 lines/cm. A second order spectral line is diffracted through an angle of 300.
The wavelength of light is

a. 5x10-7cm b. 5x10-6cm c. 5x10-5cm d.5x10-4cm

(e+d)simg , = = 1 om0 o an - -
HINT: 2 ———(¢e+d) = coo—,0 =30°n = 2)

13 Maximum number of orders possible with a grating is
a. Independent of grating element b. directly proportional to grating element
c. Inversely proportional to grating element d. directly proportional to wave length

14. If 1000 is the resolving power of a gratmg in it first order, its resolving power in 2™
orderis * . . - .
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Engineering Physics Study Material Unit-I: Wave Optics
a. 500 b. 1000 c. 2000 d. None

15. The class of diffraction in which lenses required is
a. Fresnel b. Fraunhofer c.Botha&b d. None

16. A diffraction grating is
a. Large number of equidistant slits b. Large number of random distant slits

c More than two slits d. None

17. In diffraction grating, the conditions for principal maxima
a. (etd)sinf=nil b.dsinf=nic.eind=nl d.esinf=nl

18. Resolving power of a grating is
a. Directly proportional to N b, Inversely pmportxonal toN

c. Independent of N d. Directly proportional to N2

19. The expression for m.uﬁber of orders possible in diffraction grating is
a. Nmax=1/N2 b. nnax=(e+d)/A c.Botha &b d. None

20. The intensity of various fringes in the diffraction pattern is
a. Constant b. Varies c. Zero d.None

21. When the number of lines on the grating surface is large, the grating spectrum becomes
a. Bands b. Continuous colors c. Line d. None

22. The expression of resolving power of grating is R= _
a. i/di b.nN c.Botha&b d. None

id N V '
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