
36-2		Intensity	in	Single-Slit	Diffrac2on	

The	intensity	of	the	diffrac2on	pa9ern	at	any	given	angle	θ	is	
	
	
	
where,	Im	is	the	intensity	at	the	center	of	the	pa9ern	and	

The	plots	show	the	rela2ve	intensity	in	single-slit	diffrac2on	for	
three	values	of	the	ra2o	a/λ.	The	wider	the	slit	is,	the	narrower	
is	the	central	diffrac2on	maximum.	

Answer	
(a)  650	nm	
(b)  430	nm	
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36-3	Diffrac2on	by	a	Circular	Aperture	

The	diffrac2on	pa9ern	of	a	circular	
aperture.	Note	the	central	maximum	and	
the	circular	secondary	maxima.	The	figure	
has	been	overexposed	to	bring	out	these	
secondary	maxima,	which	are	much	less	
intense	than	the	central	maximum.	

Diffrac2on	by	a	circular	aperture	or	a	lens	with	
diameter	d	produces	a	central	maximum	and	
concentric	maxima	and	minima,	given	by	

The	angle	θ	here	is	the	angle	from	the	central	
axis	to	any	point	on	that	(circular)	minimum.		

which	locates	the	first	minimum	for	a	long	
narrow	slit	of	width	a.	The	main	difference	is	the	
factor	1.22,	which	enters	because	of	the	circular	
shape	of	the	aperture.	
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The	images	of	two	point	sources	
(stars)	formed	by	a	converging	lens.	
At	the	bo9om,	representa2ons	of	
the	image	intensi2es.	In	(a)	the	
angular	separa2on	of	the	sources	is	
too	small	for	them	to	be	
dis2nguished,	in	(b)	they	can	be	
marginally	dis2nguished,	and	in	(c)	
they	are	clearly	dis2nguished.	
Rayleigh’s	criterion	is	sa2sfied	in	
(b),	with	the	central	maximum	of	
one	diffrac2on	pa9ern	coinciding	
with	the	first	minimum	of	the	
other.	

Resolvability	

Rayleigh’s	criterion	suggests	that	two	objects	are	on	the	verge	of	resolvability	if	the	central	
diffrac2on	maximum	of	one	is	at	the	first	minimum	of	the	other.	Their	angular	separa2on	can	
then	be	no	less	than	
	
	
in	which	d	is	the	diameter	of	the	aperture	through	which	the	light	passes.	
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36-4	Diffrac2on	by	a	Double	Slit	

(a)	The	intensity	plot	to	be	expected	in	a	double-slit	interference	experiment	with	vanishingly	narrow	slits.	(b)	The	
intensity	plot	for	diffrac2on	by	a	typical	slit	of	width	a	(not	vanishingly	narrow).	(c)	The	intensity	plot	to	be	expected	
for	two	slits	of	width	a.	The	curve	of	(b)	acts	as	an	envelope,	limi2ng	the	intensity	of	the	double-slit	fringes	in	(a).	Note	
that	the	first	minima	of	the	diffrac2on	pa9ern	of	(b)	eliminate	the	double-slit	fringes	that	would	occur	near	12°	in	(c).	

Waves	passing	through	two	slits	produce	a	combina2on	of	double-slit	interference	and	
diffrac2on	by	each	slit.	
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36-4	Diffrac2on	by	a	Double	Slit	

Waves	passing	through	two	slits	produce	a	combina2on	of	double-slit	interference	and	
diffrac2on	by	each	slit.	

For	iden2cal	slits	with	width	a	and	center-to-center	
separa2on	d,	the	intensity	in	the	pa9ern	varies	with	the	
angle	θ	from	the	central	axis	as	
	
	
in	which	
	
	
	
and	

Note	carefully	that	the	right	side	of	double	slit	equa2on		is	the	product	of	Im	and	two	factors.	(1)	
The	interference	factor	cos2β	is	due	to	the	interference	between	two	slits	with	slit	separa2on	d.	
(2)	The	diffrac2on	factor	[(sin	a)/a]2	is	due	to	diffrac2on	by	a	single	slit	of	width	a.	
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36-5	Diffrac2on	Gra2ngs	

A	diffrac2on	gra2ng	is	a	series	of	“slits”	used	to	separate	
an	incident	wave	into	its	component	wavelengths	by	
separa2ng	and	displaying	their	diffrac2on	maxima.	
Diffrac2on	by	N	(mul2ple)	slits	results	in	maxima	(lines)	at	
angles	θ	such	that	
	
	
	
	A	line’s	half-width	is	the	angle	from	its	center	to	the	point	
where	it	disappears	into	the	darkness	and	is	given	by	
	

Note	that	for	light	of	a	given	wavelength	λ	and	a	given	ruling	separa2on	d,	the	widths	of	
the	lines	decrease	with	an	increase	in	the	number	N	of	rulings.	Thus,	of	two	diffrac2on	
gra2ngs,	the	gra2ng	with	the	larger	value	of	N	is	be9er	able	to	dis2nguish	between	
wavelengths	because	its	diffrac2on	lines	are	narrower	and	so	produce	less	overlap.	

An	idealized	diffrac2on	gra2ng,	
consis2ng	of	only	five	rulings,	that	
produces	an	interference	pa9ern	on	
a	distant	viewing	screen	C.	
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(first	minimum)	



same	algebra	as	for	single	slit	
diffrac2on	(see	earlier	slides)	
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The	resolving	power	R	of	a	diffrac2on	gra2ng	is	a	measure	of	
its	ability	to	make	the	emission	lines	of	two	close	wavelengths	
dis2nguishable.	For	two	wavelengths	differing	by	Δλ	and	with	
an	average	value	of	λavg,	the	resolving	power	is	given	by	

The	intensity	pa9erns	for	light	
of	two	wavelengths	sent	
through	the	gra2ngs	of	Table	
36-1.	Gra2ng	B	has	the	highest	
resolving	power,	and	gra2ng	C	
the	highest	dispersion.	

36-6	Gra2ngs:	Dispersion	and	Resolving	Power	
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36-7	X-Ray	Diffrac2on	

(a)	The	cubic	structure	of	NaCl,	showing	the	sodium	
and	chlorine	ions	and	a	unit	cell	(shaded).	(b)	Incident	
x	rays	undergo	diffrac2on	by	the	structure	of	(a).	The	x	
rays	are	diffracted	as	if	they	were	reflected	by	a	family	
of	parallel	planes,	with	angles	measured	rela2ve	to	
the	planes	(not	rela2ve	to	a	normal	as	in	op2cs).	(c)	
The	path	length	difference	between	waves	effec2vely	
reflected	by	two	adjacent	planes	is	2dsin	θ.	(d)	A	
different	orienta2on	of	the	incident	x	rays	rela2ve	to	
the	structure.	A	different	family	of	parallel	planes	now	
effec2vely	reflects	the	x	rays.	

X	rays	are	electromagne2c	radia2on	whose	
wavelengths	are	of	the	order	of	1	Å	(=10-10	m).	Figure	
(right)	shows	that	x	rays	are	produced	when	
electrons	escaping	from	a	heated	filament	F	are	
accelerated	by	a	poten2al	difference	V	and	strike	a	
metal	target	T.	
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36-7	X-Ray	Diffrac2on	

(a)	The	cubic	structure	of	NaCl,	showing	the	sodium	
and	chlorine	ions	and	a	unit	cell	(shaded).	(b)	
Incident	x	rays	undergo	diffrac2on	by	the	structure	
of	(a).	The	x	rays	are	diffracted	as	if	they	were	
reflected	by	a	family	of	parallel	planes,	with	angles	
measured	rela2ve	to	the	planes	(not	rela2ve	to	a	
normal	as	in	op2cs).	(c)	The	path	length	difference	
between	waves	effec2vely	reflected	by	two	
adjacent	planes	is	2dsin	θ.	(d)	A	different	
orienta2on	of	the	incident	x	rays	rela2ve	to	the	
structure.	A	different	family	of	parallel	planes	now	
effec2vely	reflects	the	x	rays.	

As	shown	in	figure	below	if	x	rays	are	directed	toward	a	crystal	structure,	they	undergo	
Bragg	sca9ering,	which	is	easiest	to	visualize	if	the	crystal	atoms	are	considered	to	be	in	
parallel	planes.	
For	x	rays	of	wavelength	λ	sca9ering	from	crystal	planes	with	separa2on	d,	the	angles	u	at	
which	the	sca9ered	intensity	is	maximum	are	given	by	
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35-5	Michelson’s	Interferometer	

An	interferometer	is	a	device	that	can	be	used	to	measure	
lengths	or	changes	in	length	with	great	accuracy	by	means	
of	interference	fringes.		
	
In	Michelson’s	interferometer,	a	light	wave	is	split	into	two	
beams	that	then	recombine	aier	traveling	along	different	
paths.	
	
The	interference	pa9ern	they	produce	depends	on	the	
difference	in	the	lengths	of	those	paths	and	the	indexes	of	
refrac2on	along	the	paths.	
	
If	a	transparent	material	of	index	n	and	thickness	L	is	in	
one	path,	the	phase	difference	(in	terms	of	wavelength)	in	
the	recombining	beams	is	equal	to	
	
	
where	λ	is	the	wavelength	of	the	light.	
	

Michelson’s	interferometer,	showing	
the	path	of	light	origina2ng	at	point	P	of	
an	extended	source	S.	Mirror	M	splits	
the	light	into	two	beams,	which	reflect	
from	mirrors	M1	and	M2	back	to	M	and	
then	to	telescope	T.	In	the	telescope	an	
observer	sees	a	pa9ern	of	interference	
fringes.	©	2014	John	Wiley	&	Sons,	Inc.	All	rights	

reserved.	

35-5	Michelson’s	Interferometer	





©	2014	John	Wiley	&	Sons,	Inc.	All	rights	
reserved.	


