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Diffraction of light

It 1s a phenomena of bending of light around the corners of
an obstacle and spreading of light into the geometrical
shadow region of an obstacle.

Lighted
region

Cause: It due to the mutual interference of secondary
wavelets originating from the various points of the exposed
part of the same wave front.

Types: Fresnel diffraction and Fraunhoffer diffraction
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Fresnal’s diffraction

Screen

Slit

®Source and Screen both are at finite distance from the
grating element.

®No lenses or mirrors are required
®The wave fronts are either spherical or cylindrical.
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Fraunhofer’s diffraction

To pointon
distant
screen

Ly L2

.7;1;;‘ aperture (sitt) |
® Distance o1 tne dource ana >creen rrom tne aiffracting

element 1s infinite.

® Convex lenses are used to make the light fall parallel
from source to aperture and from aperture to screen for
focus on the screen.

® The wave fronts incident on the aperture 1s plane.
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Fraunhofer’s ditfraction due to single slit diffraction

At the exposed part of slit, each point is a source of
secondary wavelets which interfere with each other. Let
there are ‘n’ number of equally spaced point sources A ,

, A_attheslt. g,
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If A is distance b/n consecutive source points on the wave front,
then path difference b/n the waves will be Asin® and the

corresponding phase difterence b/n the fields from consecutive

source point will be

If A is distance b/n consecutive source points on the wave front,
then path difference b/n the waves will be ASin® and the
corresponding phase difference b/n the fields from consecutive

source point will be
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,E_are the Electric field components of the
wave from each source waves reaching at point P and ‘a’ is

amplitude of each source, then Resultant field E, at point P
1S given by

IEﬁEﬂl _IaEsZa_hoe -b/-rfhEﬂmecutive source points on the wave front,

then path difference b/n the waves wil

corresponding phase difference b/n the £

source point will be

D = ZTK (Asin©)
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If A is distance b/n consecutive source points on the wave front,
then path difference b/n the waves will be Asin® and the
corresponding phase difference b/n the fields from consecutive

source point will be

D = i—n (Asin®)

corresponding phase difference b/n the,;' i

source point will be




celebrating _
Bharati Vi dy apeeth’s Golden Jubilee , : ’

CO“ege Of Enginearing’ New Delhi Hon'ble Founder Dr. Patangrao Kadam

If A is distance b/n consecutive source points on the wave front,

then path difference b/n the waves will be AsinG and the

corresponding :_Jhase ditference b/n the fields from consecutive

source point will be

200 el
)= H (Asinb)
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If A is distance b/n consecutive source points on the wave front,
then path difference b/n the waves will be AsSIin® and the

corresponding phase difference b/n the fields from consecutive

source point will be




celebrating
{ ) Golden Jubile ,: ,
Bharati Vidyapeeth's BH?QRATI VID:(JAPIEETﬁ

CO“ege Of Enginearing’ New Delhi Hon'ble Founder Dr. Patangrao Kadam

If A is distance b/n consecutive source points on the wave front,

then path difference b/n the waves will be Asin® and the
corresponding phase difference b/n the fields from consecutive

source point will be

If A is distance b/n consecutive source points on the wave front,
then path difference b/n the waves will be Asin® and the
corresponding phase difference b/n the fields from consecutive

source point will be
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If A is distance b/n consecutive source points on the wave front,
then path difference b/n the waves will be ASin® and the
Corresponding phase difference b/n the fields from consecutive

source point will be

If A is distance b/n consecutive source points on the wave front,
then path difference b/n the waves will be Asin® and the

corresponding phase difference b/n the fields from consecutive

source point will be
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If A is distance b/n consecutive source points on the wave front,
then path difference b/n the waves will be AsSIinO® and the
corresponding phase difference b/n the fields from consecutive

source point will be

D = 2)—“ (AsinB)

If A is distance b/n consecutive source points on the wave front,
then path difference b/n the waves will be AsinG and the

corresponding phase difference b/n the tields from consecutive

source point will be

)
0= i (Asind)
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If A is distance b/n consecutive source points on the wave front,

then path difference b/n the waves will be Asin® and the
corresponding phase ditference b/n the fields from consecutive

source point will be
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If A is distance b/n consecutive source points on the wave front,
then path difference b/n the waves will be ASIn® and the
corresponding phase ditference b/n the fields from consecutive

source point will be

th

m"™ minima appears at Q=XImTr along 0, = +sin™?! (—)

b

A
il — 1 long 8,= £sin* ()
minima appears at & along U4 b

| 2\
214 hini t AR 2T | 0,= +sin™1 (—)
minima appears a a ong 2 b

and so on
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If A is distance b/n consecutive source points on the wave front,
then path ditference b/n the waves will be AsinO and the
corresponding phase difference b/n the fields from consecutive

source point will be

2T :
D= i (Asinb)

If A is distance b/n consecutive source points on the wave front,
then path difference b/n the waves will be Asin® and the

Corresponding phase difference b/n the fields from consecutive

source point will be

@ = == (Asin®)
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Spread of central maxima increases with decreasing slit

width b. With Large b e e Sh e

A=6.328 %< 10 >

1 ——. 1

0.4 o.8
— O (degrees)

With Small
b

A e mr e |
0.4 0.8
—= O (degrees)

If A is distance b/n consecutive source points on the wave front,
then path difference b/n the waves will be AsSIinNnO and the
corresponding phase difference b/n the fields from consecutive

source point will be

>
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f A is distance b/n consecutive source points on the wave front,

then path difference b/n the waves will be Asing and the

corresponding phase itterence b/n the fields from consecutive

source point will be

A AN
)= H (Asinf)
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If A is distance

b/n consecutive source points on the wave front

then path ditference b/n the waves wil be Asing and the

corresponding

:qhase diference b/n the fields from consecutive

SOUrce point W

[ be

oMl L
Q) = I ([\sme)




Bharati Vidyapeeth’s

celebrating
Golden Jubilee

CO“ege Of Engineering’ New Delhi Hon'ble Founder Dr. Patangrao Kadam

f & i distance b/ consecutive source points on the wave front,

B —

R—

SlAO

then path differeeg §fr

—_—
—
—_—
—
—_—
——

corresponding DhisEE

source point will be

P
@ = 7 (Asm@)

giffe

SN

L he Asing and the

¢

e fields from consecutive
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If A is distance b/n consecutive source points on the wave front,
then path difference b/n the waves will be AsSIin® and the

corresponding phase difference b/n the fields from consecutive

source point will be

D = 21—“ (Asin©)

If A is distance b/n consecutive source points on the wave front,
then path difference b/n the waves will be Asin® and the
corresponding phase difference b/n the fields from consecutive

source point will be

0 = Z (Asind)
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If A is distance b/n consecutive source points on the wave front,
then path difference b/n the waves will be Asin® and the

corresponding phase difference b/n the fields from consecutive

source point will be

If A is distance b/n consecutive source points on the wave front,
then path difference b/n the waves will be Asin® and the
corresponding phase difference b/n the fields from consecutive

source point will be
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If A is
then

distance b/n consecutive source points on the wave front,
th difference b/n the waves will be ASinG and the

COITCS!

source point will be

Jonding nhase difference b/n the fields from consecutive

20|
(b = 7 (ASIHO)
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If A is distance b/n consecutive source points on the wave front,

then path difference b/n the waves will bd| Asingi, and the)

corresponding phase difference b/n the fields from consdcutive

source point will be . i
B - 2% (Asne) e e v o e i o

---.3-----

If A is distance b/n consecutive source points on the wave front,
then path difference b/n the waves will be AsSin® and the
corresponding phase difference b/n the fields from consecutive

source point will be

@ = =T (Asin®)
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f & is distance b/n consecutive source poins on the wave front,

then path diference b/n the waves will be Asing and the

corresqonding phase ifterence b/n the fields from consecutive

S0urce point will be

21T
(Z) = 7 (ASIHB)
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f A is distance b/n consecutive source points on the wave fron,
then path difference b/n the waves will be Asing and the

correspondin St
1 }Zg\%qxczz al é\%‘%ﬁl

giphase ditkrence b/in the fields from consecutive

er .onder
X

source point
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then path difference b/n the waves wi

f A is distance b/n consecutive source points on the wave front,

[l be Asin and the

corresponding phase difference b/n the

source point will be

2L [
)= 1 (Asin)

Telds from consecutive
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f & i distance b/n consecutive source points on the wave fron,

then path ditference b/n the waves will be Asing and the

corresponding phase diference b/n the fields from consecutive

source point will be

PN
@ = I (AsmB)
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¢ S EL N=5 |,
20 -
~ N=5
M - ™
. . ¢ N N, i N N CER.
e - . o j == = . h 2

T

For N=5, between 2 Principal Maxima, there are 4 minima,
and 3 Secondary Maxima.

ﬂ
N=12

e JL 1 AN

For N—12 between 2 Prln MaX1ma there are 11 minima,
and 10 Secondary Maxima.
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Absent or Missing order spectra (when N >1)

In diffraction grating spectrum, when diffraction minima
from single slit and interference maxima from N-slits are
simultaneously lying along a common angle 0, then those

particular orders of principle maxima disappears from the

grating spectrum. The resultant spectra 1s known as absent or
missing order spectra. It depends on the value of width of

clit i @panuespgpes (2.

When the widths of opaque region (a) & transparent region
(b) in a grating are such that both the conditions 1.e
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If A is distance b/n consecutive source points on the wave front,

then path ditference b/n the waves will be AsinG® and the
corresponding phase difference b/n the fields from consecutive

source point will be

ALl .
@ = 7 (ASIH@)

If A is distance b/n consecutive source points on the wave front,
then path difference b/n the waves will be ASIin® and the
Corresponding phase difference b/n the fields from consecutive

source point will be

@ = =T (Asin®)
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If A is distance b/n consecutive source points on the wave front,
then path difference b/ n the waves will be Asin® and the
corresponding phase difference b/n the fields from consecutive

source point will be

O — 2T (AsIinO)

If A is distance b/n consecutive source points on the wave front,

then path difference b/n the waves will be Asin® and the
il e

corresponding phase difference b/~ -~
1.7

.
I“I\“ﬁf\l“'l'!“"‘vre

source point will be

4 7.8
N AT

5t 10% 15% .. ..orders of Principal Maxima will be absent
from the grating spectra, corresponding to diffraction
minima at m=1,2.3...
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Similarly for a=b, n=2m,
ond g4th gth orders of Principle maxima will be absent from

the grating spectra, corresponding to diffraction minima at
m=1.,2,3...

Q: For a given slit width If n=3m, what 1s inter-slit
separation

(2016)
Q: Deduce the missing orders for double slits Fraunhoufer
diffraction pattern, if the slit widths are 0.16mm and they are
0.8mm apart.
Ans: n=6,12,18,....(corresponding to m=1,2,3....)will be
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f A s distance b/n consecutive source points on the wave front,

then path difference b/n the waves will be Asing and the

corresponding :qhase difterence b/n the fields from consecutive

source point will be

20l
)= n (Asin)
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If A is distance b/n consecutive source points on the wave front,

then path difference b/n the waves will be Asin® and the
corresponding phase ditference b/n the fields from consecutive

source point will be

If A is distance b/n consecutive source points on the wave front,
then path difference b/n the waves will be Asin® and the
corresponding phase difference b/n the fields from consecutive

source point will be
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If A is distance b/n consecutive source points on the wave front,
then path difference b/n the waves will be AsSIn® and the

corresponding phase difference b/n the fields from consecutive

source point will be

If A is distance b/n consecutive source points on the wave front,
then path difference b/n the waves will be ASIn® and the

corresponding phase ditference b/n the fields from consecutive

source point will be
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Resolving power 1s defined as the ability of an optical
instrument to produce separate patterns of two close lying
objects (or to measure the angular separation between two
images that are close to each other. To see distinctly, two

closely spaced objects which are placed at a very large
distance, optical instruments are required such as: (Prism,
Grating), (Telescope, Microscope).

PPrism & Grating are used to see spectral lines distinctly of
slightly different wavelength.

rTelescope & Microscope help to see images distinctly of
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Resolving power 1s measured by (A/dA), where dA 1s the
smallest wave length difference that just can be resolved.

Criterion for resolution, proposed by Lord Rayleigh is as

fO llOWS .. Intensity

“Two spectral lines of equal intensities are just resolved by an optical
instrument when the principal maximum of the diffraction pattern due
to one wave length (say, 4,) falls on the first minima of the diffraction
pattern of other wavelength (say, ig) (adjacent to its n" principal |
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If & is distance b/n consecutive source points on the wave front,

then path difference b/n the waves will be Asing and the

corresponding phase ditterence b/n the fields from consecutive

source point will be

i AT
)= i (Asin6)
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From Rayleigh’s

resolution:

criterion

A

A+dA

i ditace b coneutve e it te v fror,

ben il i e v il [\S]HTH d\g
th felds fom &H CU lﬂ

i on ha itrence bl

OOt ﬂlbe

for

| thdnﬂ bth ﬂlbﬂﬁdm
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If A s
then

distance b/n consecutive source points on the wave front|
ath difference b/n the waves will be AsinG and the

COITES

S0Urce point will be

Qonding :qhase difference b/n the fields from consecutive

2T el
)= 7 (Asinf)
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If & is distance b/n consecutive source points on the wave front,

then path difference b/n the waves will be Asing and the

corresponding phase difference b/n the fields from consecutive

source point will be

A paneR
(Z) = 7 (ASIHO)
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If & is distance b/n consecutive source points on the wave front,

then :gath difference b/n the waves will be Asing and the

corresponding phase difference b/n the tields from consecutive

source point will be

fn ANAL
)= i (Asin6)




