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7.7. Fraunhofer diffraction at N slits

Sty Sgye vy Sn->N parallel slits, cach of width ‘@’ and separateq
by opaque space ‘b’
L—a collimating lens.
Z-screen.

Result : The pattern obtained on the screen is called the Fraup.
hofer diffraction pattern dye

to N parallel equidistant sits.

1“‘“”5”" The pattern consists of a2

ZERC ORDER PRINCIPAL central maximum called Zerg

: i . ~ order principal  maximym

g []m/l\ ~ followed by a number of prin-
ﬂ 1 cipal maxima on either side,
There are (N—1) equi-spaced

E | minima between any two

consecutive principal maxima.
There are (N—2) other maxima coming alternatively with the
minima between two consecutive principal maxima. These maxima
are called secondary maxima. The intensity distribution is shown in
the figure.

Theory : A plane wavefront of monochromatic light is incident
{ normally on N parallel slits.

The light is diffracted through
N slits and is focussed by a
lens L on the screen Z placed
in the focal plane of L The
wave diffracted from all the
slits in direction 0 are equi-
valent to N parallel waves,

[ Fa-1 each wave starting from mid-
poinfs, S;, Ss,....Ss of the

L slits. '
Let SM,, S.M,.....

Sn-1Mn-y be perpendiculars dropped from S, S, ... Sy, on to the
diffracted rays. The path difference between the waves from

S; and S, is SeM,=(a-b)sin0=dsiné,
Sg and Sa is . SaMg =dSiD9,)
Sﬂ_r and Sﬂ 18 SnMﬂé]_;dSino,
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Thus as we pass from one wave to another, the path goes on
increasing by the same amount dsind.

. . . . . tion due to
i expression for the intensity distributl
T e slits, t ion for instantaneous displacement

diffraction at N slits, the expressi
(dZ) has to be integrated for ¥ slits.

For a single slit,
a2

o/t sin0 il
—a/e ! s -a/2
when q»(y):sinzn( 1; -_%-;_ J’S;“" )
For N slits :
a/2 d+al2
Z=kg oY) d}’+S - o(y)dy
-a/2 d—ala
1d+aj2 (N—-1)d+a /2
—.‘—S (y)dy+....+S o(y)dy
2d—a/2 (N-1)d—af2
=ka sina sinZn(_t.—'L) s 4 ._ r , dsinf
. T +sin2n ek -

-+ sin2 ._L__r_ 2dSin9
_“(T ?«.+ _7\._ +-...

—————

+sindg (2T L N—1dsine
i “(T " 4

A

=kas%!-- s;?n]gﬂ. sin21r(;, r. N—ldsiné)

wheTre @=na5in6/, and B =rdsin/a.
he intensity at a point P’ is given by

I=kzaz(s_i{liz) sin®NB\ _ , sin%a sin?
A ~h HNB[ IFW]'

a? sin%

! efact .

gy o OF (sin®n/a?) re : :

effectssh' he factlor) (siﬂrz?ent-s ; he diffraction pattern due to a
Que B/sin) represents the interference

0
© secondary waves from the N slits.
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7.8. (i) Principal Maxima

Lt sinNp _ N.
- B0 sinp
Wken B0, the resultant intensity of maxima is
sinZa sin®a

.N2=]0N2. az .

I=Io

al

Thus if we increase the number of slits, the intensity of pfincipa]
maxima 1ncreases. The directions of principal maxima are givep by

sinf=0
= Bp= +nrx where n=0,1,2,....
n_ndlsme= + sin

=  dsin@= (a-+b) sinf= + na.

When n=0, we get 8=0. This is the direction in which all tp,
waves arrive in the same phase and hence we get a bright centry]
maximum. This is called the Zero order principal maximum. By
putting n=1, 2, 3,..we obtain first, second, third....order principal

maxima respectively.
(ii) Minima : For minima, we must have
sin NBp=0  (-.© sinps0)
nd sing
A

= +mn

= NB=+mn =N

= N (a+b) siné= +m.

Heretn can have all integral values except 0, N, 2N, 3N,....which give
sinB=0 which is the condition for principal maxima. The positive
and negative values of m indicate that the minima of a given order
lie symmetrically on either side of the central ptincipal maximum.

N.B. m=0 gives principal maximum of zero order. m=1, 2, 3,..
(N—1) give (N—1) minima, m=N gives principal maximum of first

order. ,
(ii1) Secondary Maxima

Between two consecutive principal maxima there are (N
minima and hence (¥—2) maxima. These maxima are ca

secondary maxima. Their positions are obtained by

~1)
Jled
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,-\I sin®a 2 sle} sin[:l. NcosN[ —sinNp. cosp _
DT I sin p sin?p

= NCOSNP. sinp —sinNp. cosp =)

=tan NB=0N tanp.

The roots of this equation (other than
B= + nn) give the position of secondary

maxima. 24
; . 242
In order to find the intensity of X Ntanp
secondary maxima, we have ' £

sinNB =NtanB/+/ 1 -+N*tan®p k

=sin?Ng=N3tan’p/ (1 +N ‘é’tanzp)
_ SID*NB_ N2tan?g £ 5 . N2
sin?B (1-+-ANZ%tan?) sin?p 1+ (N2—1)sin?p’
Hence the mtenmty of secondary maxima is given by

I-—I 811’120, Nzy
TR0 e TH(NE—1)sin2p

Thus as IV increases the intensity of secondary maxima decreases.
When N is very large (Plane grating), the secondary maxima
are not visible. There is uniform darkness between any two conse-
cutive principal maxima.
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