[

e wave nature of the light.
‘ upert_urc,"

. in the immediate neighbourhood of a diffracting objeet - with the ‘object

" -to ',comoute.

Py

: and a convex lens.

© of giving better deflmtxon than that obtamed thhout lenses.

o~ f“\m}”'.\‘b |

e o VRO

ot |
'”I"‘.”m ol ! !

Dll“‘ FRACTION AND lN'l‘ER[TRENCl‘

kBoth Diffraction and, lntor[ex ence Phenomena are a consequence of the

Whenever a wave is restricted by any obstacle/

~

iffraction will result. We have interference wherever diffraction

-‘from two coherent sources super impose.

Dxffractlon effects are traditionally classified into either Fresnel

or I‘iaunho;er types.  The former concernes with what happens to light

‘illuminatcd by a point source nt a finite distance. The latter concerns

w1th dkffracted llght sensed at mhmte dlstances from the dxffructmg object
with the 111ummat|on coming wsually from an infinite distance point source,

to
Fraun-hofer diffraction is an approximation the

Fresnl case and it is casy f

5

59

I‘raunhofer dlffractlon patterns are usually produced by placing any

aperture/ob.,tmcle in a beam of plune wavcs and observing the pattern in- i

Lhe back focal plane of a convergmg lens, which is equivalent to observing

at mflmty ’ Usmg a laser,

this can be done by placing the aperturc/obsiacle
in the parallel beam and observing the pattern on the screen either at large

dlctances or at pack foeal plane of the lens.

The width of the beam can be increased by using a concave lens

Conca\,e lens is used to diverge the beam which s

then focussed on a distance screcn’ Dy a convex lens. The obstacles (aperturos

slits, g.atmgs) bemg used is then placed just be

vl

yond the convex lens, so

producmg a pattern the scxee,n This arrangement also has the advantage

-
e e LI

s
A i e - =

e
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( lig. 2.1 a)

Represents irradience distribution of a circular aperture.
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To eliminate seattering of light from unwanted.surface, a circulur stop
should be placed between the luser and the diverging lens so that the muin.
-beam passes through it but the scattered light does not. This is done Dby-

using a opaque screen with a circular hole.

SECTION - i Diffraction Experiments

\/?:1 FRAUNHOFER DIFFRACTION OF A CIRCULAR APERTURLE

The study of this is of considerable importance in opties as most

of the optical elements are having circular shape. The imaging performance

of the. instrun-ents is governed by diffraction of light at the apertures.

The Diffraction pattern resulting from ;miformly illuminated circular
aperturc consists of a central bright region, known as Airy's Dise, surrounded
by a number of [ainter rings. Lach ring is separated by a cirele of zero

intensity.  The irradiance distribution in this pattern can be deseribed by

e i yan S

2 N 2
J](x)

= lo where
< -

I

.

o
[

= peak irradiance in image

=5 . 2n=2 I

X g (—1)“” -

A=\ (n-1)! n! 2201

J1(.\')

\

Bessel function of the first kind of order unity and

LD Sin M
X =  =s=—e—meea where

"

d4(x)

= Wavelength of light
D = Aperture diameter and

8 = Angular radius from pattern maximum

e T s et - 4t A e e e e~ =

vetes &
S B s, 2. ,..——;..—.———. v
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Fig. (2.1 4) shows the irrudinnee distribution of cireular uperture.
The width of the central maxima is upproximately double thul of Uhe !

~ . . L o i 0 = y H ]
sceondary maxima, 'he minima oceur at e zero's of the Bessel lunetlion:

— S

J1 (). The first minimum oceur when

X o= 01,229

Then Sin 8 = 1,227

where Sin g = p_ is the sine of the engle which the line from the center
z

of the aperture (o any point on the observation plane makes with the optlic

e e —— .

; axis, P is the linecar distunce of the point from the axis, z is the distunce '

|

between the aperture and the obscrvation plane. "

Fig. (2.1 b) shows the set up for observing the patterns. {

; i
| i
| !
| |
) i
i

i

— I}
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( fig 2.2)

. {
Shows the irradiance distribution of 2 single slit. i
i-‘:’_
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\z/.‘- Fraunholer Diffraction By Single Slit.
This is one of the simple case of diffraction.  Assumingthe slit to
be infinitely long in one. direction, the irradiunce distribution at point P is
given by
L= 1 ___Sin U‘i“ Sin®) 7’ where |
) ka Sin & 1 |
:
lo is the irradiance at o< = O i
2a is the slit width
|
e is the angle of the diflracted ray making with the axis. !
The minimum occures when
(2a)Sina = n :*'
i.e. when o = Sin~1  ( —;—;——) »  Sin=1 ¢ %%ﬁ‘hh ate. !
. a 4

-

The | condition n =o gives the maximum irradialmce lo that occurs !
in the direction « = o. The angular separation between the consecutive
minima is 2% - The exception being the [irst order minima about the
central maximum which are Ma apart.  The central maximum has twice the
width of the secondary ma.\;i.mn, which come closer as the slit width is inereased.

N -

Fig. (2.2) shows Llhe ir‘@éggce‘ﬂistl'ibulion.

Thus, il slit width 2a is known > can be determined and vice-versa.

The experiment can be also done a using a adjustable slit and the
variation of lhc'pnuernl with mmereasing, slit width cun _ul.m sc-cn.( One
can casily see the broadening ' the pattern as slit is narre a)

Diffraction pattern will became brighter in case i experiment is

performed without using lens as now more energy passes lhrough the  sljt.

P — R Pt e §
v - - ’
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2.3 Diffraction by multiple slits :

As the number of slits inercases, the brightness of the pattern

/

EE TR

inereases, but the broad central pateh within which the fringes lie does not
g . ‘o g

change from its size for 1 slit, but fainter patches on cither side of this !
1 H OO "he !

contral region Lecomes more visible as the number of slits increases, ‘I'he f
4

width of the central region depends on slit width, L,
As the number.of slits increases, the width of the bE'lghl fringes

, — 3

deercnses but separation of points of greatest brightness within the pultcrn !
- ' . of slits-2, appeur in bet- i

remains fixed. Secondary maxima cqual to number /of slits-2, appear In A
inci ! i S ati : > i g slit sepa- %

ween prineipal maxima. The separation of these points depends on l p 1
ration, their narrowness depends on how many slits are gsed. i ;
\ 1
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2.4 Diffraction by gratings.

Consider one dimensional avray ol N oslits with the intercenter separaltion

of d. Il the aperture is a slit of width 2b, then the irradiance distribution at

the focal plane of lens due to diffraction at the grating is given Ly

[ (p) = o (---Sin__kpb____y __f-_r_n__,_-[z__) /
kpb Sin 8/2 j

where o is the.irradiance in the direetion g =0

& is the phase difference = kd Sin 8

The first term in the above equation represents the irradiance

distribution due to a single slit and the second term represents the inter-

ference due to N slits. This modulates the diffraction pattern of a single

slit.  The fringes produced due to interference. are narrow, compared to

sipgle slit diffraction pattern. Number ol Principal muxima lic in central

maximum and are given by

d Sin 8 = mx

m = o, 1, +£2 -

gives different orders of the

The different integral values of is

spectrum, m = 1 is first order, m = 2 sccond order and so on. There
/ —

are (N-1) minima and (N-2) sccondary muxima between any lwo consecutive
e - e e
principal maxima. As N incrcases, the magnitude of principal maxima increases

and that of the sccondary maxima decreases.

Equation (2) is known as grating equation for normal incidence of light.

In general, when the beam is incident at an angle i, then the grating cquation is

given by
d (Sin i == Sin ©) = m>

For normual incidence, if m, o und d (grating constant) are known,
can be determined. If a lens of focal length [ is used lo form the diffracted

Gz

= . e -
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Diffraction Viewing
Stop aperture:’ Screen
' l
7.} a
R 0 | ]
LASE{Q -"‘l::-_.‘—:\-‘iﬁl——*_.ﬂ_.!_ — P——
: ' \ V) y |
' Ly ' T |
- 100 mm * 250 mm : b
1
: o i

(fig. 2.3)

Shows the arangement for observing

Fraunholer diffraction patterns of
dilferent apertures.
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beam, then the mtn order

distance from (e oplical axis is given as,
provided -xm << (

l is Ik :
[N s known, then the above equation cun be used to determine

grating constant,

GENERAL PROCEDURE (8 2.1,

2.2, 2.3 und 2.4).
Fig.( 2.3) shows Lhe set up for obscrving the diffraction patterns of

the following apertures:
1. Circular apcrture.
2. Single slit ox'.un adjustable slit.

3. Multiple slits.

4. Diffraction gratings. ‘

5. DMesh.

7

1. Switch on the laser and direct the beam metres towards u viewing screen

situated about 3-5 metres away. The laser is held in the holder, properly

adjusted.

2. Mount a 10 em diverging lens in the adjustable lens holder about u few

‘ems  from-the laser and then focus the light on the sercen to a spot with
the 25 cem converging lens. The light should pass through the centre of the

lenses. Adjust the distance so that we have fairly uniform size of the spot.

3. A stop may be mounted alongwith the diverging lens to reduce the amount
of scattered light falling on the sercen.

4. Insert the aperture whose diffraction pattern is desired in the beam as shown
in the set up. We wi_ll get l'rnunhofer diI'I'i'uclion.putlcr'n.

5. For muaking any measurcecment in the puttern, mur.-I\' wilh a pencil on a graph

paper pasted on the screen, Switeh off the luser and then make required

measurement,

(\'r‘.

T A
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( fig 24)
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24.

-~ X N ’ ; ) . )
e _M_Ul_\gﬂlu the wavelength of Luser Light using Vernier Caliper.

A polished steel vule sueh as vernfor culiper can be used as o reflection
‘gruling. When light strikes al grazing incidence, light is diffracted into muny
orders dependinig on the spacing and accuracy ol the graduations. This wus
first demonstrated by A.L.Schawlow using a steel (or plastic) scale. 'The
wavelength of the light is obtained by meusuring the puttern spacings and the
distance from the vernier to the screen. r"l‘his is given by

where

d is the spacing between rulings; n is ‘inlcp_;'cr' (the diffraction order) y, und

¥

? ‘ Yo- are measured [rom O along the projection screen. r

See Fig. (2.4)
The intersection of the plane of the grating with the screen (O) lies !
- .‘

halfway between the sports of the direct beam (-Yo) und the Zero order

diffracted beam which is specularly reflected (Yo); X'is the distance between

1
the \}crnier‘_ and the screen. : |
. |' R i
PROCEDURE
/ . - . \‘ -
(1) Switch on the laser and adjust the levelling serews of . the holder in such
a way that the laser tube is verv much titled. v
(2) The vernier caliper is placed on the rotutable Mount. Adjust the height
. . A
. of the platform so that laser light [alls at a grazing angle (i=87°). This
e 3 . = g v . :
can’be done using the three levelling screws prdvided at the bottom of the |
: , .f
. platform. The diffraction pattern is\observed al a distance of 3-4 metres
— —— S )
I away from the caliper. - ’ J
: : !
(3) Mark the position of various orders and dircet spol without any diffraction
on the screen,
(4) Switeh off the laser and note the distunces ol the spois from the inter
section pointr O uas shown in the ligure. Nole also the distance belween
E . the screen (a mm-graph paper pasted on the sercen) nnd: the caliper
)
: cal i " .
culate tie wavelength of light using the above formula.
. - e, [ 1€ 2 P
§ o ‘ v o o B )
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