CHAPTIR 7

FRAUNHOFER DIFFRACTION

'y 1. Prmumhofer Diffraction

1t arises when the source of light and the screen are effectively

of infinite distance from the diffracting aperture. The incident wave=
front is plane and the diffracted wavefront is also plane.

7.2 Fraunhofer diffraction 'at a single slit

s~a narrow slit perpendicular to the plane of paper and
illuminated by monochromatic light of wavelength 2.
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L,+a collimating lens.
4B-aslit of width d.

L;>another lens.
Z-a screen perpendicular to plane of paper. r
Results : The diffraction pattern consists of a central bright 7
Maximum at P followed by secon-
:s'tlry maXima and minima on either
Iflde' The points on the screen
'(?1;’ Which the path difference
1~BP,) s na correspond to the

INTENSITY

Eeocsnions of secondary minima. The
imgﬂdary maxima are much 135&‘_ "R 2n3n ‘7
OS¢ and the intensity falls 0 A an ‘

d a a

rap'd].y from the point P onwards,
Creey L rensity  distribution on the

N1s shown in the figure. |
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o0

O is taken as the origin 0
Theory : The contre of the slit co-ordinate system wity [ the

abscissa and y as ordj, ;s
3 1 The slit is divided into B
| number of mhmtcsmal ele
\
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ments of equal width dy, Con.

bk sider one element dy at 4 dis.
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f;j‘) _-....__’-{:: _______ an) tance Yy d.bOVC the ori i
0";:’1'9 . %  Consider a point p’ de{ig nd
K - m diff,
| ysing by a possible diffracted bean

: making an angle 0 with th
normal to the plane of slit.
| Lct OP’=r and the clemept dy

! is at a distance p from p’,

The displacement at P’ due to the element dy at any time ; ; is

given by
dZ =k. dy. sinzn(_‘ = _p.) e (i),
; The resultant dlsplacment at P’ due to who]e wavefront is :
| d/2
1 Z= kS sm2n (———) dy
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i d/2

" —LS stu (___ T ' ysng J’SlnB )dy[ p:r—ysinﬂ]
b ~d/2 :

1 =_—F dsme
H 2usine'[ cos2n ('* Ty )
5- . — COS2xn (_E_—-L— dsiné )]
13 Taa-y, 2\
' - — kA : t r . . :
‘:e ‘ InsinG. ‘: 25in2n (.T_._ -f) 311;2“(* dsin® )] |
by | . C 2 !

~ kA ndsing ' i
weme- Sin T—), sin2n (.____ ) :

-kd-‘m‘. sm2n(-.—_..) ( - _“_‘_f_sl_“_f!)

A
This represents a simple harmonijc v1brauon at P’ with 'lmplltude

A=kd. (Slna) . m E|
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jatensity 2 £ 18 Blven by
4 . sin' A
I’ =kd? -'.ﬂjl)z__ 1 sin%
a P, (‘ .
fx (s l’,:k;d])‘

0 Central Maximam
L

e oint P on the s :
C_‘ Lhe ? . . Creeﬂ, 0_—-:04 and
Iim sina i

.a—>0

1 |

: ut
ence the lntensity at P is

I'=J, (maximum),

Y Sﬁﬂima
" 1he minima occur when—
) sina=1()
iz, when a=rnx
e, WhE _ .
. whe dsinfé=n.. (n=1+1,213, )

or . : . 4
There are @ Series of equi-spaced minima on either side of the
wsrtra] maximum.
i) Secondary Maxima
Beiween the minima there are a series of maxima known a3

@opdary maxima. Their
pstion is found from
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n“?, tquation gives the
Pillion of maxima, It
g be solved graphically
;. Potting  y=g and
m;?n‘l on the same
“faini, The first curve is a
mlgt line making an
e, O 45° with the
gy he other curves
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The abscissa of the points of intersection are the roots of equatig
tana=a. The exact values of roots are 1'430m, 2:459z, 3'471x, 44Th
They correspond to the positions of secondary maxima which ar
pot exactly midway between two minima but are slightly toward
the central maximum.

The intensities of the secondary maxima are calculated approxe
mately by evaluating (sin?a/a®) at the half-way positions i.e. at

o 3z Om
=i 2
sin®(3n/2) — 4

L=/ (3r/2)? Onz * " 227

sind(5n/2) _ 4 [u=I_9_ and so on.

l2=1o (5nj2)*  25@ % 62

Thus the secondary maxima are of decreasing intensity.
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