(e W

raunhofer di'ﬂ'raction at double slit
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AB, CD —~two rectangular slits parallel to each other.

a->width of each slit.

b—>width of opaque space between the slits.

L—a collecting lens.

Z—screen perpendicu]ar to the plane of paper.

Results : The diffraction pattern consists of equally space

ference fringes within the central maximum. The intensities 0
the interference maxima are not constant but decrease to z€r on
either side of the central maximum. These maxima 'reappear (WO
or three times before the intensity becomes too low to be observed:

d inter-

Scanned with CamScanner



r———

A AL WVATNAANW & &qah A At SRR W &a W AT

Theory : The origin is taken at the centre of the slit CD. The

element dy is taken at a dis-

y
tance y from O in CD. The - '
limits of integration for CD A‘/.
4
will be from — g-to +§ and

e % 1
d
those for AB will be from —“-’ajl

i-2 to d+% where d=a-tb.

The displacement at P’ due to dy at time # is

dZ = kdysin2nf 2 — Ty ysin® )
ysanr:(T A+ 2,

Hence the total displacement due to both the slits is

al2 :
Z=k[8 stn(T _—h_+ ysme)dy

d+a/2

S sm2n(— +2 s1n9 )dy
d—-a/2
sina \_. t r
d omf £ —L
ka( - )sm n(T ?L)
" t G d+a /2
A r ysin
_— 2l = ——+
s [eose(p-pemm |
sina ). L_:)
=ka( ) )51n2_rr(T A
& t r  dsind , a sine)
- \cosZn(T— s = =

" Dnsind

¢t r , dsin® _ asin® )
—-cosZn(T——I+-—'{“— I ]

-a/2
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; “""ns,;:{o [ Sinzn(%—%+£%i'—qg- ) Si"(’-’ﬁéfﬂl) l | ‘
' =ka .S_ii'.f‘..)‘isinh(%— --;—)
| -l-sinZn(Tt--{—"’ d'qT"']'Q’)J( az_n‘a:#g)
~2ka( 27 ) sin2s (1~ +) °°“"(“diin0 )

=2ka(5i2a )cosli.siﬁZR (—2—1;- -—-{--f- _(l_szl_xn_ﬂ_) ( B=i:mﬂ)

= 4 5 _t'__{'_ dsin® )
sin2m (T > + o

Hence the resultant amplitude is

i i A= 2ka(§i£9- cospB.

§ a

‘ . . . .

i Hence the int..sity at P’ is given by

i .

] A ,(sin‘a in2

¥ I=A?=4ka® (T= ) cos2B=4Io(s_._1:2“ . cos?p.

i For central maximum, 0=0° and hence o = (°
. . =0° and g =0°. ~

s the intensity of central maximum =4 X B=0° Hence, |

The intensity in diffraction pattern is given by the product of

two variable factors. Thefirst |
factor (sin’afa?) gives the diff- !

sinfol Acti : i
sin% raction pattern of a single slit.

2 |
o The second factor cos® is
characteristic of the interfes |

L ey e Trénce pattern produced by two f
) slits. The resultant intensity is

! cosip zero  when either of the |

factors is zero. This occurs |
when a=r, 2n, 3m, ...

or when p= % 3% %
2’ 2

The intensity distribution

due to Fraunhofer diffraction

at two parallel slits is shown:

¢ full line represents cqni* |

Spaced interference fringe%:
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otted curve represents the diffractjop
The intcﬂ-"’ity of the central interference ma
The Gty of the central maximum of the singl
iﬂteﬂ-nteusity of other interference maximg

h tl‘l'll maximum gradually decreases.
centie

ngaxigna and minima.
Xima 1s four times the
¢ slit' diffraction pattern.
on the two sides of the

5 (i rffect of increasing the slit-width

R the slit-width a, the ¢ .

[ we increase L, the envelope of the fringe pattern

; hazlges so that the central peak is sharper. The fringe-wildgthpwhich
gepends on the slit separation (b), does not change. ’

: (i) Effect of increasing the distance between sljts

. If the width of slit @ is kept constant and the separation b between

g hem S increased., the fringes become closer together, the envelope of
(he pattern remaining unchanged.

The interference maxima are given by
'. (a-+b) sine=m
' ,od the diffraction minima are given by

asinBimx; atb_n

‘ o | a m

Ifa=b, then ~ n=2m=2,4,6,..... (" m=123,.. ]i .

. Thus, the 2n¢, 4th, 6th,....order interference maxima Wil b€
' sbsent as they will coincide with 1st, 2nd, 3rd,....order diffraction
| minima. ( . )

. Ifb=2a thenn=3m=3,6,9,.... (W m=lya D=7 .

| Thus, the 3rd, 6th, 9th..order. interference maxima will coincide
' with Ist, 2nd, 3rd,.. ..order diffraction minima.

| (iii) Effect of increasing wavelength | )
' er,
| On increasing the wavelength, the envelope becomes broa

- and the fringes move further apart.

| . : ed

16. Single slit and double slit diffraction compar ral principal
1 H T

The single slit diffraction pattern con%lﬁfgfé g?t[iler side. The
| ga"imum with secondary maxima a?‘;:fé?llauy decreasing intensity.
 “tondary maxima and minima are 0t & : d inter-

. ui-spaced 1n
' The double slit diffraction pattern conSlitgtﬁflccinaxienum. The
| Tence maxima and minima withi the Ctiorl pattern due. o =
: ]me”Sity of central maximum in the diffrac aximum due to diffrace
ioule slit is four times that of the central [21ion maxima and the
I;l?n_at single slit. The spacing of tﬁne Cllfgl‘) The spacing of the
Nmg ' idth of the S '
depengls on the W
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interference maxima and mmlmaldeper:lpﬁis O?egzas ;!;1!;)5 g?efgeb ;; tt:}e
in

opague spacing between the two s its e \

fgre%ce £axima are not constant but decrease to zero on either side

of the central maximum.

)
i

Scanned with CamScanner




