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If	two	or	more	waves	collide,	they	are	said	to	interfere.	Interference	is	a	property	of	waves.	In	this	article,	how	interference	occurs	in	different	types	of	waves	is	explained.Figure	1:	Interference	of	WavesA.	InterferenceIf	two	or	more	waves	overlap,	the	resultant	displacement	is	the	sum	of	the	individual	displacements.	Displacement	is	a	vector
quantity.	The	overlapping	waves	are	said	to	interfere.	This	occurrence	is	called	as	interference.Interference	of	two	waves	may	lead	to	a	resultant	wave	of	either	a	larger	or	a	smaller	displacement	than	either	of	the	two	component	waves.	Interference	can	be	demonstrated	in	a	ripple	tank	by	using	two-point	sources.	A	ripple	tank	used	to	study	the
interference	of	two	waves	is	shown	in	Figure	2.Figure	2:	Ripple	TankInterference	of	two	circular	waves	is	shown	in	Figure	2.	If	two	waves	arrive	in	phase	(their	crests	arrive	at	exactly	the	same	time),	they	will	interfere	constructively.	A	resultant	wave	will	be	produced,	which	has	crests	much	higher	than	the	two	individual	waves,	and	troughs	much
deeper.If	the	two	waves	arrive	in	antiphase	(with	a	phase	difference	of	radians	or	180),	the	peaks	of	one	wave	arrive	at	the	same	time	as	the	troughs	from	the	other,	and	they	will	interfere	destructively.	The	resultant	wave	will	have	smaller	amplitude.	Figure	3	shows	the	interference	pattern	of	two	circular	waves.This	phase	difference	may	be
produced	by	allowing	the	two	sets	of	waves	to	travel	different	distances	this	difference	in	distance	of	travel	is	called	the	path	difference.Figure	3:	Interference	Pattern	of	Two	Circular	WavesB.	Interference	of	Sound	WavesInterference	of	sound	waves	is	possible	when	two	or	more	sound	waves	having	the	same	frequency	collide.	The	waves	with	the
same	frequency	(constant	phase	difference	between	them)	are	called	coherent	waves.Consider	sound	waves	from	two	loudspeakers	connected	to	the	same	signal	generator	and	amplifier,	so	that	each	speaker	produces	a	note	of	the	same	frequency.	Moving	about	in	the	space	around	the	speakers,	one	can	hear	loud	sound	where	sound	waves	interfere
constructively.	In	places	where	the	waves	interfere	destructively,	the	note	is	much	quieter	than	elsewhere	in	the	pattern.C.	Interference	of	Light	WavesThomas	Young	demonstrated	how	light	waves	could	produce	an	interference	pattern	using	an	experiment.	A	monochromatic	light	source	(a	source	of	one	colour,	and	hence	one	wavelength	)	is	placed
behind	a	single	slit	to	create	a	small,	well-defined	source	of	light.	Light	from	this	source	is	diffracted	at	the	slit	(S0),	producing	two	light	sources	at	the	double	slit	(S1	&	S2).	Because	these	two	light	sources	originate	from	the	same	primary	sources,	they	are	coherent	and	create	a	sustained	and	observable	interference	pattern.	The	pattern	observed	on
the	screen	is	a	series	of	bright	and	dark	fringes.	This	experiment	is	called	the	Youngs	double	slit	experiment.	It	is	illustrated	in	Figure	4.Figure	4:	Youngs	Double	Slit	ExperimentThe	distance	on	the	screen	between	successive	bright	fringes	is	called	the	fringe	width.	The	fringe	width	is	related	to	the	wavelength	of	the	light	source.	It	can	be	calculated
by	the	following	equation:Where,	Wavelength	of	the	light	source	(m).D	Distance	between	screen	and	double	slit	(m).d	Distance	between	centres	of	two	slits	S1	&	S2	(m).D.	SummaryThe	overlapping	waves	are	said	to	interfere.	This	occurrence	is	called	as	interference.If	two	waves	arrive	in	phase	(their	crest	arrive	at	exactly	the	same	time),	they	will
interfere	constructively.If	the	two	waves	arrive	in	antiphase	(with	a	phase	difference	of	radians	or	180),	the	peaks	of	one	wave	arrive	at	the	same	time	as	the	troughs	from	the	other,	they	will	interfere	destructively.Difference	in	distance	travelled	by	two	waves	is	called	the	path	difference.Waves	with	the	same	frequency	(constant	phase	difference
between	them)	are	called	coherent	waves.Monochromatic	light	consists	of	one	colour,	and	hence	one	wavelength.Youngs	double	slit	experiment	is	used	to	study	the	interference	of	light	waves.In	Youngs	double	slit	experiment,	the	distance	on	the	screen	between	successive	bright	fringes	is	called	the	fringe	width.	Fringe	width	can	be	calculated	by	the
equation	(D)/d.	Interference	of	light	is	defined	as:	When	two	or	more	light	waves	having	the	same	frequency,	same	wavelength	and	same	amplitude	meet	together	in	a	medium	at	a	point,	they	cancel	or	enhance	the	effect	of	each	other	at	that	point.	This	phenomenon	is	called	interference	of	light	waves.There	are	two	types	of	interference	of	light:
Constructive	interference	Destructive	interference	What	is	Constructive	interference?	When	two	light	waves	superpose	with	each	other	in	such	a	way	that	the	crest	of	one	wave	falls	on	the	crest	of	the	second	wave,	and	the	trough	of	one	wave	falls	on	the	trough	of	the	second	wave,	then	the	resultant	wave	has	larger	amplitude	and	intensity.	Such	type
of	interference	is	called	constructive	interference.	Some	of	its	effects	are:	In	constructive	interference,	two	waves	of	light	reinforce	each	other.	In	constructive	interference,	a	bright	fringe	is	obtained	on	the	screen.	What	is	Destructive	Interference?	In	destructive	interference	When	two	light	waves	superpose	with	each	other	in	such	a	way	that	the
crest	of	one	wave	coincides	with	the	trough	of	the	second	wave,	then	the	amplitude	and	intensity	of	the	resultant	wave	become	zero.	Some	of	its	effects	are:	two	waves	cancel	the	effects	of	each	other.	Due	to	a	dark	fringe	is	obtained	on	the	screen.	Conditions	for	interference	In	order	to	observe	the	interference	of	light	waves,	the	following	conditions
must	be	met.	The	two	light	sources	must	be	coherent,	that	is,	they	must	maintain	a	constant	phase	with	respect	to	each	other.	The	two	light	sources	should	be	monochromatic,	that	is,	of	a	single	wavelength.	The	principle	of	superposition	must	apply.	Now!	Watch	video	about	interference.	Youngs	Double-slit	experiment	The	interference	of	light	can	be
described	by	Youngs	double-slit	experiment.	Youngs	experiment	provided	the	first	conclusive	proof	of	the	wave	nature	of	light.	Consider	plane	waves	incident	on	two	slits	separated	by	distance	d	as	shown	in	the	figure.	The	light	waves	from	these	two	slits	combine	at	a	point	P	on	the	screen	which	is	at	a	distance	D	from	the	two	slits.	Superposition	of
these	waves	produces	a	series	of	bright	and	dark	fringes	that	are	observed	on	the	screen.	If	the	waves	arrive	at	the	screen	in	such	a	way	that	at	some	points	crests	fall	on	crests	and	troughs	fall	on	troughs	then	a	bright	fringe	is	seen	on	the	screen	due	to	constructive	interference.	There	are	some	points	on	the	screen	where	crests	meet	troughs	then	a
dark	fringe	is	seen	on	the	screen.	The	bright	fringe	is	called	maxima	and	a	dark	fringe	is	called	minima.	Youngs	experiment	equation:	Watch	also	video	about	young	double	slit	experiment:	Related	topics	in	our	websites	are	given	below	in	the	list:	External	sources	wave_propagation)	Whenever	energy	ripples	through	space,	there	is	a	wave.	In	fact,
wave	motion	can	be	defined	as	a	type	of	harmonic	motion	(repeated	movement	of	a	particle	about	a	position	of	equilibrium,	or	balance)	that	carries	energy	from	one	place	to	another	without	actually	moving	any	matter.	A	wave	on	the	ocean	is	an	example	of	a	mechanical	wave,	or	one	that	involves	matter;	but	though	the	matter	moves	in	place,	it	is	only
the	energy	in	the	wave	that	experiences	net	movement.	Wave	motion	is	related	to	oscillation,	a	type	of	harmonic	motion	in	one	or	more	dimensions.	There	is	one	critical	difference,	however:	oscillation	involves	no	net	movement,	only	movement	in	place,	whereas	the	harmonic	motion	of	waves	carries	energy	from	one	place	to	another.	Yet,	individual
waves	themselves	are	oscillating	even	as	the	overall	wave	pattern	moves.	A	transverse	wave	forms	a	regular	up-and-down	pattern	in	which	the	oscillation	is	perpendicular	to	the	direction	the	wave	is	moving.	Ocean	waves	are	transverse,	though	they	also	have	properties	of	longitudinal	waves.	In	a	longitudinal	wave,	of	which	a	sound	wave	is	the	best
example,	oscillation	occurs	in	the	same	direction	as	the	wave	itself.	Some	waves,	composed	of	pulses,	do	not	follow	regular	patterns.	However,	the	waves	of	principal	concern	in	the	present	context	are	periodic	waves,	ones	in	which	a	uniform	series	of	crests	and	troughs	follow	each	other	in	regular	succession.	Periodic	motion	is	movement	repeated	at
regular	intervals	called	periods.	In	the	case	of	wave	motion,	a	period	(represented	by	the	symbol	T	)	is	the	amount	of	time	required	to	complete	one	full	cycle	of	the	wave,	from	trough	to	crest	and	back	to	trough.	Period	can	be	mathematically	related	to	several	other	aspects	of	wave	motion,	including	wave	speed,	frequency,	and	wavelength.	Frequency
(abbreviated	f	)	is	the	number	of	waves	passing	through	a	given	point	during	the	interval	of	one	second.	It	is	measured	in	Hertz	(Hz),	named	after	nineteenth-century	German	physicist	Heinrich	Rudolf	Hertz	(1857-1894),	and	a	Hertz	is	equal	to	one	cycle	of	oscillation	per	second.	Higher	frequencies	are	expressed	in	terms	of	kilohertz	(kHz;	10	3	or
1,000	cycles	per	second)	or	megahertz	(MHz;	10	6	or	1	million	cycles	per	second.)	Wavelength	(represented	by	the	symbol	abbreviated	,	the	Greek	letter	lambda)	is	the	distance	between	a	crest	and	the	adjacent	crest,	or	a	A	PIANO	TUNER	,	USING	A	TUNING	FORK	SUCH	AS	THE	ONES	SHOWN	ABOVE	,	UTILIZES	INTERFERENCE	TO	TUNE	THE
INSTRUMENT	.	(	Bettmann/Corbis	.	Reproduced	by	permission.)	trough	and	an	adjacent	trough,	of	a	wave.	The	higher	the	frequency,	the	shorter	the	wavelength.	Another	parameter	for	describing	wave	motionone	that	is	mathematically	independent	from	the	quantities	so	far	describedis	amplitude,	or	the	maximum	displacement	of	particles	from	a
position	of	stable	equilibrium.	For	an	ocean	wave,	amplitude	is	the	distance	from	either	the	crest	or	the	trough	to	the	level	that	the	ocean	would	maintain	if	it	were	perfectly	still.	Superposition	and	Interference	The	principle	of	superposition	holds	that	when	several	individual	but	similar	physical	events	occur	in	close	proximity,	the	resulting	effect	is
the	sum	of	the	magnitude	of	the	separate	events.	This	is	akin	to	the	popular	expression,	"The	whole	is	greater	than	the	sum	of	the	parts,"	and	it	has	numerous	applications	in	physics.	Where	the	strength	of	a	gravitational	field	is	being	measured,	for	instance,	superposition	dictates	that	the	strength	of	that	field	at	any	given	point	is	the	sum	of	the	mass
of	the	individual	particles	in	that	field.	In	the	realm	of	electromagnetic	force,	the	same	statement	applies,	though	the	units	being	added	are	electrical	charges	or	magnetic	poles,	rather	than	quantities	of	mass.	Likewise,	in	an	electrical	circuit,	the	total	current	or	voltage	is	the	sum	of	the	individual	currents	and	voltages	in	that	circuit.	Superposition
applies	only	in	equations	for	linear	eventsthat	is,	phenomena	that	involve	movement	along	a	straight	line.	Waves	are	linear	phenomena,	and,	thus,	the	principle	describes	the	behavior	of	all	waves	when	they	come	into	contact	with	one	another.	If	two	or	more	waves	enter	the	same	region	of	space	at	the	same	time,	then,	at	any	instant,	the	total
disturbance	produced	by	the	waves	at	any	point	is	equal	to	the	sum	of	the	disturbances	produced	by	the	individual	waves.	The	principle	of	superposition	does	not	require	that	waves	actually	combine;	rather,	the	net	effect	is	as	though	they	were	combined.	The	actual	combination	or	joining	of	two	or	more	waves	at	a	given	point	in	space	is	called
interference,	and,	as	a	result,	the	waves	produce	a	single	wave	whose	properties	are	determined	by	the	properties	of	the	individual	waves.	If	two	waves	of	the	same	wavelength	occupy	the	same	space	in	such	a	way	that	their	crests	and	I	F	THIS	BOAT	'	S	WAKE	WERE	TO	CROSS	THE	WAKE	OF	ANOTHER	BOAT	,	THE	RESULT	WOULD	BE	BOTH
CONSTRUCTIVE	AND	DESTRUCTIVE	INTERFERENCE	.	(Photograph	by	Roger	Ressmeyer/Corbis	.	Reproduced	by	permission.)	troughs	align,	the	wave	they	produce	will	have	an	amplitude	greater	than	that	possessed	by	either	wave	initially.	This	is	known	as	constructive	interference.	The	more	closely	the	waves	are	in	phasethat	is,	perfectly
alignedthe	more	constructive	the	interference.	It	is	also	possible	that	two	or	more	waves	can	come	together	such	that	the	trough	of	one	meets	the	crest	of	the	other,	or	vice	versa.	In	this	case,	what	happens	is	destructive	interference,	and	the	resulting	amplitude	is	the	difference	between	the	values	for	the	individual	waves.	If	the	waves	are	perfectly
unalignedin	other	words,	if	the	trough	of	one	exactly	meets	the	crest	of	the	othertheir	amplitudes	cancel	out,	and	the	result	is	no	wave	at	all.	It	is	easy	to	confuse	interference	with	resonance,	and,	therefore,	a	word	should	be	said	about	the	latter	phenomenon.	The	term	resonance	describes	a	situation	in	which	force	is	applied	to	an	oscillator	at	the
point	of	maximum	amplitude.	In	this	way,	the	motion	of	the	outside	force	is	perfectly	matched	to	that	of	the	oscillator,	making	possible	a	transfer	of	energy.	As	with	interference,	resonance	implies	alignment	between	two	physical	entities;	however,	there	are	several	important	differences.	Resonance	can	involve	waves,	as,	for	instance,	when	sound
waves	resonate	with	the	vibrations	of	an	oscillator,	causing	a	transfer	of	energy	that	sometimes	produces	dramatic	results.	(See	essay	on	Resonance.)	But	in	these	cases,	a	wave	is	interacting	with	an	oscillator,	not	a	wave	with	a	wave,	as	in	situations	of	interference.	Furthermore,	whereas	resonance	entails	a	transfer	of	energy,	interference	involves	a
combination	of	energy.	The	importance	of	this	distinction	is	easy	to	see	if	one	substitutes	money	for	energy,	and	people	for	objects.	If	one	passes	on	a	sum	of	money	to	another	person,	a	business,	or	an	institutionas	a	loan,	repayment	of	a	loan,	a	purchase,	or	a	giftthis	is	an	example	of	a	transfer.	On	the	other	hand,	when	married	spouses	each	earn
paychecks,	their	cash	is	combined.	Transfer	thus	indicates	that	the	original	holder	of	the	cash	(or	energy)	no	longer	has	it.	Yet,	if	the	holder	of	the	cash	combines	funds	with	those	of	another,	both	share	rights	to	an	amount	of	money	greater	than	the	amount	each	originally	owned.	This	is	analogous	to	constructive	interference.	On	the	other	hand,	a
husband	and	wife	(or	any	other	group	of	people	who	pool	their	cash)	also	share	liabilities,	and,	thus,	a	married	person	may	be	subject	to	debt	incurred	by	his	or	her	spouse.	If	one	spouse	creates	debt	so	great	that	the	other	spouse	cannot	earn	enough	to	maintain	the	payments,	this	painful	situation	is	analogous	to	destructive	interference.	In	This	Site,
You	Are	Going	To	Learn	about	Science	and	its	branches.	This	Site	Includes	lots	of:	Physics	and	its	branches	Chemistry	Biology	Mathematics	Formulas,	Theories,	laws	Lots	more	So	If	You	Want	To	Get	Great	Results	From	this	Website,	Youll	Love	This	Site.	Lets	Dive	Right	in	What	is	Physics?	Physics	is	the	most	fundamental	branch	of	physical	science
which	deals	with	the	study	of	matter	and	energy,	and	their	relationship	with	each	other.	Simple	physics	definition	is,	Physics	is	basically	the	study	of	how	objects	behave.	Physics	is	an	important	and	basic	part	of	physical	science.	It	is	an	experimental	science.	Classical	Physics	and	Modern	Physics	are	two	Major	Types	of	Physics.	Types	of	Physics	The
Main	Branches	of	Physics	are:	Classical	Physics	Quantum	Physics	or	Modern	Physics	Classical	Physics	believes	in	a	single	nature,	only	the	particle	nature	of	matter.	It	provides	the	macroscopic	vision	of	matter.	It	is	based	upon	Newtons	laws	of	mechanics	and	Maxwells	laws	of	electromagnetism.	Quantum	Physics	believes	in	the	dual	nature,	both
particle	and	wave	nature	of	matter.	It	provides	a	microscopic	vision	of	matter.	It	is	based	upon	Plancks	quantum	theory	of	light	and	De	Broglies	idea	of	matter-wave.	In	the	practical	field,	The	common	branches	of	Physics	are:	If	you	are	confused	about	clicking	on	which	type	of	topics	then	visit	our	site	map	in	which	all	topics	are	listed	on	individuals
branches	of	physics.	Besides	this,	you	can	also	use	a	search	bar	to	find	wanted	topics.	More	Related	Topics	in	Physics:	Related	Physics	Links:	Wave	interference	is	the	phenomenon	that	occurs	when	two	waves	meet	while	traveling	along	the	same	medium	to	form	a	resultant	wave	of	greater,	lower	or	the	same	amplitude.	Interferenceusually	refers	to
the	interaction	of	waves	which	have	constant	phase	difference	and	same	or	nearly	same	frequency.	Interference	effects	can	be	observed	with	all	types	of	waves,	for	example,	radio	waves,	light	waves,	sound	waves,	surface	water	waves	or	matter	waves.	Types	of	wave	interference	When	two	waves	meet	while	traveling	along	the	same	medium,	either
the	amplitudes	of	both	waves	are	added	or	the	amplitudes	of	both	waves	are	subtracted.	Based	on	this,	the	wave	interference	is	of	two	types:	constructive	interference	and	destructive	interference.	Constructive	wave	interference	The	wave	interference	is	said	to	be	a	constructive	wave	interference	if	the	crest	of	a	wave	meets	the	crest	of	another	wave
of	the	same	frequency	at	the	same	point.	or	Constructivewave	interference	is	a	wave	interference	which	occurs	when	in	phase	waves	meets	with	each	other	and	forms	a	new	wave	with	greater	amplitude.	When	two	in	phase	waves	having	the	same	frequency	meets	at	the	same	place	at	the	same	time,	the	amplitudes	of	the	two	waves	are	simply	added
together.	The	resultant	wave	amplitude	is	greater	than	that	of	the	original	wave.	Consider	two	sound	waves	traveling	in	the	same	medium	as	shown	in	the	below	figure.	The	sound	wave	X	amplitude	is	1	unit	and	the	sound	wave	Y	amplitude	is	also	1	unit.	When	these	two	sound	waves	having	the	same	frequency	meets	at	the	same	time	at	the	same
place,	the	amplitudes	of	the	two	sound	waves	are	added	together.	Therefore,	the	resultant	sound	wave	(Z)	amplitude	is	greater	than	that	of	the	original	wave.	I.e.	Z	=	X	+	Y	=	1	+	1	=	2	units	Theconstructive	interference	is	pretty	normal	and	natural.	Example:	Theconstructive	wave	interference	occurs	naturally.	However,	we	can	also	create	the
constructive	interference	by	using	two	speakers.	If	we	place	two	speakers	side-by-side,	point	them	in	the	same	direction,	and	play	the	same	frequency,	we	get	a	constructive	interference.	As	we	know,	sound	means	the	vibrations	that	travel	through	the	air.	Both	speaker	1	and	speaker	2	pushes	the	air	forwards.	Hence,	the	vibrations	travel	in	the
forward	direction	(same	direction)	through	the	air.	(Amplitudemeans	the	maximum	extent	of	a	vibration	from	the	point	of	equilibrium.)	If	we	stand	in	front	of	the	two	speakers,	the	vibrations	produced	by	two	speakers	will	be	added	up	in	the	air.	As	a	result,	we	hear	a	sound	which	is	much	louder	than	the	individual	speakers	would	produce.	In	other
words,	if	we	stand	in	front	of	the	two	speakers,	the	amplitudes	of	the	two	sound	waves	are	added	up.	As	a	result,	we	hear	a	sound	which	is	much	louder	than	the	individual	speakers	would	produce.	This	is	nothing	but	a	constructive	interference.	Destructivewave	interference	The	wave	interference	is	said	to	be	a	destructive	wave	interference	if	the
crest	of	a	wave	meets	the	trough	of	another	wave	of	the	same	frequency.	or	Destructivewave	interference	is	a	wave	interference	which	occurs	when	out	of	phase	waves	meets	with	each	other	and	forms	a	new	wave	with	lower	amplitude	or	zero	amplitude.	Consider	two	sound	waves	traveling	in	the	same	medium	that	are	out	of	phase	as	shown	in	the
below	figure.	The	sound	wave	X	amplitude	is	1	unit	and	the	sound	wave	Y	amplitude	is	also	1	unit.	When	these	two	sound	waves	having	the	same	frequency	meets	each	other,	the	amplitudes	of	the	two	sound	waves	cancels	each	other.	Therefore,	the	resultant	sound	wave	(Z)	amplitude	is	zero	or	it	is	lower	than	that	of	the	original	wave.	I.e.	Z	=	X	+	Y	=
1	+	(-	1)	=	0	units	Example:	As	we	know,	if	we	place	two	speakers	side-by-side,	point	them	in	the	same	direction,	and	play	the	same	frequency,	we	get	a	constructive	interference.	Now	imagine	that	we	start	moving	one	of	the	speakers	backward,	at	some	point,	the	two	sound	waves	will	become	out	of	phase.	So	lets	see	what	will	happen	if	we	stand	in
front	of	two	speakers	which	are	producing	the	out	of	phase	sound	waves.	(Amplitudemeans	the	maximum	extent	of	a	vibration	from	the	point	of	equilibrium.)	If	we	stand	in	front	of	the	two	speakers,	the	speaker	1	one	pushes	the	air	in	the	forward	direction	and	the	speaker	2	pulls	the	air	backwards.	Hence,	the	vibrations	produced	by	speaker	1	travels
in	the	forward	direction	and	the	vibrations	produced	by	speaker	2	travels	in	the	backward	direction.	That	means	the	two	vibrations	produced	by	speaker	1	and	speaker	2	travels	in	the	opposite	directions.	Hence,	the	two	vibrations	cancel	out	each	other.	As	result,	no	vibration	will	reach	your	ear.	We	know	that	sound	means	vibrations	traveling	through
the	air.	Therefore,	you	will	not	hear	any	sound.	This	is	nothing	but	a	destructive	interference.	How	far	back	must	we	move	the	speaker	to	go	from	constructive	to	destructive	interference?	If	the	speakers	are	separated	by	half	a	wavelength,	then	there	is	a	destructive	interference.	If	the	speakers	are	separated	by	one	wavelength,	then	again	there	is	a
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direction	as	the	magnitude	of	the	wave	is	referred	to	as	Longitudinal	Waves.	There	are	multiple	types	of	longitudinal	waves,	for	example,	Ultrasonic	waves,	Sound	Waves,	Seismic	P	Waves,	etc.	And	this	topic	plays	an	important	role	in	explaining	how	various	important	quantities	such	as	displacement,	amplitude,	frequency,	etc,	change	along	or	vary
with	the	Longitudinal	waves,	which	we	are	going	to	explain	in	much	more	detail	below.From	the	above	diagram,	you	can	understand	the	different	types	of	quantities	present	in	the	Longitudinal	Wave.	Moreover,	the	distance	between	the	two	compressions	and	rarefaction	in	the	diagram	can	be	found	by	using	wavelength.	Based	on	Whether	the	two
waves	coincide	with	each	other	or	not,	there	are	further	divided	into	two	types,	such	as	constructive	interference	and	distractive	interference.Constructive	InterferenceWhen	both	compressions	and	rarefaction	coincide	with	each	other	on	the	longitudinal	wave,	then	it	is	called	constructive	interference.Destructive	InterferenceAs	you	can	guess,	in	this
form	of	a	longitudinal	wave,	the	compression	region,	and	the	rarefaction	region	do	not	coincide	with	each	other	like	constructive	interference.	Then	it	is	referred	to	as	destructive	interference.Difference	Between	Longitudinal	Waves	and	Transversal	WavesNow	that	we	have	talked	about	the	Longitudinal	Waves.	Let	us	discuss	how	both	parts	of
longitudinal	waves	and	transversal	waves	differ	from	each	other.	These	differences	are,ParametersLongitudinal	WavesTransversal	WavesDefinitionA	wave	moves	in	the	direction	of	its	displacement.A	wave	that	moves	perpendicular	to	its	displacement.DimensionOne	Dimensional	WaveTwo-Dimensional	WaveMediumIt	can	be	observed	in	any	type	of
medium,	like	Air,	Gas,	and	Solid.Whereas	Transverse	waves	can	be	found	only	in	Gas	and	Liquid	Medium.ConstituentsIt	consists	of	compressions	and	refractions.It	consists	of	troughs	and	crests.ExamplesSound	Wave,	and	Ultrasonic	WavesEarthquake	S	WaveFormula	of	Longitudinal	WavesThe	Longitudinal	wave	is	mathematically	expressed	as,\
(y(x,t)=	y_{0}cos[	\omega	(t-	\frac{x}{c}	)]\)Where	y	=	displacement	of	a	point	in	Longitudinal	wave.X	=	distance	traveled	by	the	pointC	=	speed	of	a	wave\(\omega	\)=angular	frequency	of	the	waveT	=	time	elapsed\(	y_{0}	\)=	amplitude	of	oscillations\(\frac{x}{c}	\)	=TimeCharacteristics	of	Longitudinal	WavesThere	are	many	characteristics
involved	in	Longitudinal	Waves,	which	we	will	explain	briefly	here	in	this	section.Rarefaction	In	a	longitudinal	wave,	when	the	particles	are	furthest	apart	from	each	other,	then	they	are	called	refraction.Amplitude	The	distance	between	the	equilibrium	position	in	the	medium,	and	the	rarefaction	or	compression	is	called	amplitude.Frequency	The
number	of	wavelengths	per	second	in	the	Longitudinal	wave	is	referred	to	as	frequency.Compression	In	a	longitudinal	wave,	when	the	particles	are	much	closer	to	each	other	than	it	is	referred	to	as	compression.Wavelength	The	distance	between	two	consecutive	points	involving	either	compression	or	rarefactions	is	stated	as	wavelength.Period	The
time	taken	by	the	wave	to	cover	one	wavelength	is	described	as	a	period.ConclusionThe	above	article	provided	a	comprehensive	description	of	Longitudinal	Waves,	Equations,	Definitions	as	well	as	Characteristics.	So,	if	you	are	struggling	with	any	other	topics	or	chapters	in	this	particular	subject,	then	it	would	be	a	better	idea	for	you	to	join	any	good
online	coaching	class.	One	such	customized	online	interactive	class	is	offered	by	the	Tutoroot	platform,	which	comes	with	various	benefits	including	cost-effective	prices,	expert	staff	guidance,	access	to	the	best	subject-related	materials,	and	a	lot	more.AnswerVerifiedHint:	Interferences	are	formed	from	the	resultant	of	two	different	waveforms	in
which	the	displacements	from	the	two	waveforms	are	either	reinforced	or	cancelled.	So,	we	will	first	understand	which	type	of	waves	produce	interferences.	Then	we	will	define	the	mechanical	wave	and	its	types	which	will	tell	us	about	their	orientation	of	interference	formation	which	will	give	us	the	required	information.Complete	step	by	step
answer:When	two	different	waves	while	travelling	along	the	same	medium	meet	each	other,	a	resultant	wave	is	formed	due	to	either	the	reinforcement	or	cancellation	of	the	displacements	of	the	two	waveforms.	As	a	result	of	both	of	these	waves	the	medium	takes	a	different	shape	due	to	their	net	effect	on	the	particles	in	that	medium.	Interferences
can	be	produced	by	any	types	of	waves	like	light,	acoustics,	gravity,	matter,	etc.At	a	location,	where	the	displacement	of	the	two	waves	are	in	the	same	direction,	constructive	interference	occurs	and	when	they	are	opposite	to	each	other,	destructive	interference	occurs.Mechanical	waves	are	formed	due	to	the	oscillation	of	matter	which	results	in
transfer	of	energy	along	a	medium	which	helps	the	wave	to	propagate	over	large	distances.	These	are	of	generally	two	types;	Transverse	wave	and	longitudinal	wave.In	longitudinal	waves,	the	medium	vibrates	parallel	to	the	wave	direction	and	the	interference	formed	by	them	is	horizontal.While	in	transverse	waves,	the	particles	of	the	medium
vibrate	in	a	direction	perpendicular	to	the	direction	of	wave	propagation	and	thus	the	interferences	produced	by	them	is	verticalHence,	option	d	is	the	correct	answer.Note:All	types	of	waves	when	passes	through	a	narrow	slit,	get	diffracted	after	coming	in	contact	with	the	slit	edges	irrespective	of	the	orientation	of	the	wave.	This	diffraction	of	waves
takes	place	which	causes	the	formation	of	interferences.	Share	copy	and	redistribute	the	material	in	any	medium	or	format	for	any	purpose,	even	commercially.	Adapt	remix,	transform,	and	build	upon	the	material	for	any	purpose,	even	commercially.	The	licensor	cannot	revoke	these	freedoms	as	long	as	you	follow	the	license	terms.	Attribution	You
must	give	appropriate	credit	,	provide	a	link	to	the	license,	and	indicate	if	changes	were	made	.	You	may	do	so	in	any	reasonable	manner,	but	not	in	any	way	that	suggests	the	licensor	endorses	you	or	your	use.	ShareAlike	If	you	remix,	transform,	or	build	upon	the	material,	you	must	distribute	your	contributions	under	the	same	license	as	the	original.
No	additional	restrictions	You	may	not	apply	legal	terms	or	technological	measures	that	legally	restrict	others	from	doing	anything	the	license	permits.	You	do	not	have	to	comply	with	the	license	for	elements	of	the	material	in	the	public	domain	or	where	your	use	is	permitted	by	an	applicable	exception	or	limitation	.	No	warranties	are	given.	The
license	may	not	give	you	all	of	the	permissions	necessary	for	your	intended	use.	For	example,	other	rights	such	as	publicity,	privacy,	or	moral	rights	may	limit	how	you	use	the	material.	Option	3	:	In	both	types	of	waves	CONCEPT:	Interference	is	a	process	in	which	two	waves	superimpose	on	each	other	to	form	a	new	wave	of	greater	or	smaller
amplitude.	EXPLANATION:	As	we	know	that	longitudinal	waves	are	the	waves	in	which	particles	are	traveled	the	same	direction	or	the	opposite	direction	of,	the	direction	of	propagation	of	the	wave.	Similarly,	transverse	waves	are	the	waves	in	which	particles	are	displaced	perpendicular,	to	the	direction	of	propagation	of	the	wave.	Interference	event
is	observed	in	both	types	of	waves	i.e	transverse	waves	as	well	as	longitudinal	waves	because	both	waves	can	superimpose	on	each	other.	Indias	#1	Learning	Platform	Start	Complete	Exam	Preparation	Daily	Live	MasterClasses	Practice	Question	Bank	Mock	Tests	&	Quizzes	Trusted	by	7.1	Crore+	Students	IntroductionTo	understand	the	concept	of
interference,	lets	refresh	our	understanding	of	waves.	Waves	are	disturbances	that	carry	energy	through	a	medium	or	space.	They	can	be	categorized	into	two	main	types:	transverse	waves	and	longitudinal	waves.	Transverse	waves	like	ripples	on	a	water	surface,	move	perpendicular	to	the	direction	of	the	wave.	Longitudinal	waves,	on	the	other	hand,
move	parallel	to	the	direction	of	the	wave	e.g.	sound	waves.	Interference	occurs	when	two	or	more	waves	meet	or	overlap.	In	this	article,	we	will	explore	the	concept	of	interference,	types	of	interference,	and	standing	waves.InterferenceWe	all	know	the	fact	that	all	matter	has	volume.	The	reason	is	that	objects	cannot	occupy	the	same	space	at	the
same	time.	Because	waves	carry	energy	but	not	matter,	more	than	one	wave	can	exist	in	the	same	place	simultaneously.	Two	waves	can	meet,	share	the	same	space,	and	pass	through	each	other	without	obstruction.	When	two	or	more	waves	share	the	same	space,	they	interact	with	each	other.	This	phenomenon	is	known	as	interference.	Types	of
InterferenceThe	result	of	interference	can	be	constructive	or	destructive	depending	on	how	the	waves	interact.Constructive	InterferenceConstructive	interference	occurs	when	the	crests	of	one	wave	align	with	the	crests	of	other	waves,	while	their	troughs	also	overlap.	An	example	of	constructive	interference	is	shown	in	the	mentioned	figure.	When
waves	combine	in	such	a	manner,	a	new	wave	is	formed	with	higher	crests	and	deeper	troughs	than	the	original	wave.	In	simpler	terms,	the	resulting	wave	has	a	larger	amplitude	than	the	original	waves	had.Destructive	InterferenceDestructive	interference	arises	when	the	crests	of	one	wave	coincide	with	the	troughs	of	another	wave.	Consequently,
the	resulting	wave	exhibits	a	reduced	amplitude	compared	to	the	original	waves.Standing	WavesRecalling	the	previous	experiment,	take	a	piece	of	rope	and	tie	one	end	of	the	rope	to	the	fixed	point.	Now,	move	the	other	end	up	in	and	downward	direction,	and	the	waves	arise	travel	down	the	rope,	and	reflected	back.	When	the	rope	is	moved	at
specific	frequencies,	the	rope	appears	to	vibrate	in	loops.	The	loops	arise	in	the	rope	due	to	the	interference	between	the	wave	created	and	the	reflected	wave.	The	resulting	wave	is	known	as	a	standing	wave.A	standing	wave	is	characterized	by	a	stationary	pattern,	in	which	portions	of	the	wave	are	at	the	rest	position	due	to	total	destructive
interference	and	other	segments	have	a	large	amplitude	due	to	constructive	interference.It	is	important	to	note	that	although	the	wave	may	appear	motionless,	in	reality,	the	waves	are	traveling	in	both	directions.	Standing	waves	can	manifest	in	various	types	of	waves,	including	transverse	waves	as	shown	here,	as	well	as	longitudinal	waves.Resonant
FrequencyStanding	waves	can	be	created	at	more	than	one	frequency.	The	frequencies	at	which	standing	waves	occurred	are	called	resonant	frequencies.	Resonance	takes	place	when	an	object	vibrating	at	or	close	to	the	resonant	frequency	of	another	object,	induces	vibrations	in	the	second	object.	As	a	result,	the	resonating	object	absorbs	energy
from	the	vibrating	object	and	in	turn,	begins	to	vibrate	as	well.The	Tacoma	Narrows	BridgeThe	phenomenon	of	resonance	played	a	significant	role	in	the	unfortunate	demise	of	the	Tacoma	Narrows	Bridge	located	in	Washington.	After	its	opening	in	July	1940,	the	bridge	acquired	the	nickname	"Galloping	Gertie"	due	to	its	noticeable	wavelike
oscillations.These	oscillations	were	primarily	induced	by	wind	passing	over	the	bridge's	structure.	The	wind	caused	vibrations	that	were	close	to	the	resonant	frequency	of	the	bridge.	The	wind's	vibrations	closely	matched	the	resonant	frequency	of	the	bridge.	Because	the	bridge	was	in	resonance,	it	absorbed	a	substantial	amount	of	energy	from	the
wind	and	exhibited	significant	vibrations	with	a	large	amplitude.On	November	7,	1940,	a	supporting	cable	slipped,	leading	to	the	initiation	of	twisting	motions	in	the	bridge.	The	combination	of	twisting	and	strong	winds	further	amplified	the	bridge's	amplitude	of	motion.	Within	a	matter	of	hours,	the	amplitude	grew	to	such	an	extent	that	the	bridge
eventually	collapsed.	Fortunately,	all	the	people	on	the	bridge	at	that	time	managed	to	escape	before	it	collapsed	into	the	river	below.SummaryWhen	two	or	more	waves	interact	with	each	other,	they	overlap.	This	phenomenon	is	known	as	interference.Constructive	interference	occurs	when	two	waves	overlap	in	such	a	way	that	they	generate	a	wave
with	a	larger	amplitude.Destructive	interference	occurs	when	two	waves	overlap	in	such	a	manner	that	they	cancel	out	each	other.A	standing	wave	refers	to	a	stationary	pattern	that	emerges	from	the	superposition	of	two	or	more	waves	traveling	in	opposite	directions	along	the	same	line.	Phenomenon	resulting	from	the	superposition	of	two	wavesFor
interference	in	radio	communications,	see	Interference	(communication)."Interference	pattern"	redirects	here.	For	Moir	patterns,	see	Moir	pattern.	For	the	medical	term,	see	Interference	pattern	(electromyography).This	article	may	be	too	technical	for	most	readers	to	understand.	Please	help	improve	it	to	make	it	understandable	to	non-experts,
without	removing	the	technical	details.	(February	2022)	(Learn	how	and	when	to	remove	this	message)The	interference	of	two	waves.	In	phase:	the	two	lower	waves	combine	(left	panel),	resulting	in	a	wave	of	added	amplitude	(constructive	interference).	Out	of	phase:	(here	by	180	degrees),	the	two	lower	waves	combine	(right	panel),	resulting	in	a
wave	of	zero	amplitude	(destructive	interference).Interfering	water	waves	on	the	surface	of	a	lakeIn	physics,	interference	is	a	phenomenon	in	which	two	coherent	waves	are	combined	by	adding	their	intensities	or	displacements	with	due	consideration	for	their	phase	difference.	The	resultant	wave	may	have	greater	amplitude	(constructive
interference)	or	lower	amplitude	(destructive	interference)	if	the	two	waves	are	in	phase	or	out	of	phase,	respectively.Interference	effects	can	be	observed	with	all	types	of	waves,	for	example,	light,	radio,	acoustic,	surface	water	waves,	gravity	waves,	or	matter	waves	as	well	as	in	loudspeakers	as	electrical	waves.The	word	interference	is	derived	from
the	Latin	words	inter	which	means	"between"	and	fere	which	means	"hit	or	strike",	and	was	used	in	the	context	of	wave	superposition	by	Thomas	Young	in	1801.[1][2][3]Interference	of	right	traveling	(green)	and	left	traveling	(blue)	waves	in	Two-dimensional	space,	resulting	in	final	(red)	waveInterference	of	waves	from	two	point	sourcesCropped
tomography	scan	animation	of	laser	light	interference	passing	through	two	pinholes	(side	edges)The	principle	of	superposition	of	waves	states	that	when	two	or	more	propagating	waves	of	the	same	type	are	incident	on	the	same	point,	the	resultant	amplitude	at	that	point	is	equal	to	the	vector	sum	of	the	amplitudes	of	the	individual	waves.[4]	If	a	crest
of	a	wave	meets	a	crest	of	another	wave	of	the	same	frequency	at	the	same	point,	then	the	amplitude	is	the	sum	of	the	individual	amplitudesthis	is	constructive	interference.	If	a	crest	of	one	wave	meets	a	trough	of	another	wave,	then	the	amplitude	is	equal	to	the	difference	in	the	individual	amplitudesthis	is	known	as	destructive	interference.	In	ideal
mediums	(water,	air	are	almost	ideal)	energy	is	always	conserved,	at	points	of	destructive	interference,	the	wave	amplitudes	cancel	each	other	out,	and	the	energy	is	redistributed	to	other	areas.	For	example,	when	two	pebbles	are	dropped	in	a	pond,	a	pattern	is	observable;	but	eventually	waves	continue,	and	only	when	they	reach	the	shore	is	the
energy	absorbed	away	from	the	medium.Photograph	of	1.5cm	x	1cm	region	of	soap	film	under	white	light.	Varying	film	thickness	and	viewing	geometry	determine	which	colours	undergo	constructive	or	destructive	interference.	Small	bubbles	significantly	affect	surrounding	film	thickness.Constructive	interference	occurs	when	the	phase	difference
between	the	waves	is	an	even	multiple	of	(180),	whereas	destructive	interference	occurs	when	the	difference	is	an	odd	multiple	of	.	If	the	difference	between	the	phases	is	intermediate	between	these	two	extremes,	then	the	magnitude	of	the	displacement	of	the	summed	waves	lies	between	the	minimum	and	maximum	values.Consider,	for	example,
what	happens	when	two	identical	stones	are	dropped	into	a	still	pool	of	water	at	different	locations.	Each	stone	generates	a	circular	wave	propagating	outwards	from	the	point	where	the	stone	was	dropped.	When	the	two	waves	overlap,	the	net	displacement	at	a	particular	point	is	the	sum	of	the	displacements	of	the	individual	waves.	At	some	points,
these	will	be	in	phase,	and	will	produce	a	maximum	displacement.	In	other	places,	the	waves	will	be	in	anti-phase,	and	there	will	be	no	net	displacement	at	these	points.	Thus,	parts	of	the	surface	will	be	stationarythese	are	seen	in	the	figure	above	and	to	the	right	as	stationary	blue-green	lines	radiating	from	the	centre.Interference	of	light	is	a	unique
phenomenon	in	that	we	can	never	observe	superposition	of	the	EM	field	directly	as	we	can,	for	example,	in	water.	Superposition	in	the	EM	field	is	an	assumed	phenomenon	and	necessary	to	explain	how	two	light	beams	pass	through	each	other	and	continue	on	their	respective	paths.	Prime	examples	of	light	interference	are	the	famous	double-slit
experiment,	laser	speckle,	anti-reflective	coatings	and	interferometers.	In	addition	to	classical	wave	model	for	understanding	optical	interference,	quantum	matter	waves	also	demonstrate	interference.	The	above	can	be	demonstrated	in	one	dimension	by	deriving	the	formula	for	the	sum	of	two	waves.	The	equation	for	the	amplitude	of	a	sinusoidal
wave	traveling	to	the	right	along	the	x-axis	is	W	1	(	x	,	t	)	=	A	cos	(	k	x	t	)	{\displaystyle	W_{1}(x,t)=A\cos(kx-\omega	t)}	where	A	{\displaystyle	A}	is	the	peak	amplitude,	k	=	2	/	{\displaystyle	k=2\pi	/\lambda	}	is	the	wavenumber	and	=	2	f	{\displaystyle	\omega	=2\pi	f}	is	the	angular	frequency	of	the	wave.	Suppose	a	second	wave	of	the	same
frequency	and	amplitude	but	with	a	different	phase	is	also	traveling	to	the	right	W	2	(	x	,	t	)	=	A	cos	(	k	x	t	+	)	{\displaystyle	W_{2}(x,t)=A\cos(kx-\omega	t+\varphi	)}	where	{\displaystyle	\varphi	}	is	the	phase	difference	between	the	waves	in	radians.	The	two	waves	will	superpose	and	add:	the	sum	of	the	two	waves	is	W	1	+	W	2	=	A	[	cos	(	k	x	t	)	+
cos	(	k	x	t	+	)	]	.	{\displaystyle	W_{1}+W_{2}=A[\cos(kx-\omega	t)+\cos(kx-\omega	t+\varphi	)].}	Using	the	trigonometric	identity	for	the	sum	of	two	cosines:	cos	a	+	cos	b	=	2	cos	(	a	b	2	)	cos	(	a	+	b	2	)	,	{\textstyle	\cos	a+\cos	b=2\cos	\left({a-b	\over	2}\right)\cos	\left({a+b	\over	2}\right),}	this	can	be	written	W	1	+	W	2	=	2	A	cos	(	2	)	cos	(	k	x	t	+	2
)	.	{\displaystyle	W_{1}+W_{2}=2A\cos	\left({\varphi	\over	2}\right)\cos	\left(kx-\omega	t+{\varphi	\over	2}\right).}	This	represents	a	wave	at	the	original	frequency,	traveling	to	the	right	like	its	components,	whose	amplitude	is	proportional	to	the	cosine	of	/	2	{\displaystyle	\varphi	/2}	.Constructive	interference:	If	the	phase	difference	is	an	even
multiple	of	:	=	,	4	,	2	,	0	,	2	,	4	,	{\displaystyle	\varphi	=\ldots	,-4\pi	,-2\pi	,0,2\pi	,4\pi	,\ldots	}	then	|	cos	(	/	2	)	|	=	1	{\displaystyle	\left|\cos(\varphi	/2)\right|=1}	,	so	the	sum	of	the	two	waves	is	a	wave	with	twice	the	amplitude	W	1	+	W	2	=	2	A	cos	(	k	x	t	)	{\displaystyle	W_{1}+W_{2}=2A\cos(kx-\omega	t)}	Destructive	interference:	If	the	phase
difference	is	an	odd	multiple	of	:	=	,	3	,	,	,	3	,	5	,	{\displaystyle	\varphi	=\ldots	,-3\pi	,\,-\pi	,\,\pi	,\,3\pi	,\,5\pi	,\ldots	}	then	cos	(	/	2	)	=	0	{\displaystyle	\cos(\varphi	/2)=0\,}	,	so	the	sum	of	the	two	waves	is	zero	W	1	+	W	2	=	0	{\displaystyle	W_{1}+W_{2}=0}	Geometrical	arrangement	for	two	plane	wave	interference	Interference	fringes	in	overlapping
plane	wavesA	simple	form	of	interference	pattern	is	obtained	if	two	plane	waves	of	the	same	frequency	intersect	at	an	angle.One	wave	is	travelling	horizontally,	and	the	other	is	travelling	downwards	at	an	angle	to	the	first	wave.	Assuming	that	the	two	waves	are	in	phase	at	the	point	B,	then	the	relative	phase	changes	along	the	x-axis.	The	phase
difference	at	the	point	A	is	given	by	=	2	d	=	2	x	sin	.	{\displaystyle	\Delta	\varphi	={\frac	{2\pi	d}{\lambda	}}={\frac	{2\pi	x\sin	\theta	}{\lambda	}}.}	It	can	be	seen	that	the	two	waves	are	in	phase	when	x	sin	=	0	,	1	,	2	,	,	{\displaystyle	{\frac	{x\sin	\theta	}{\lambda	}}=0,\pm	1,\pm	2,\ldots	,}	and	are	half	a	cycle	out	of	phase	when	x	sin	=	1	2	,	3	2	,
{\displaystyle	{\frac	{x\sin	\theta	}{\lambda	}}=\pm	{\frac	{1}{2}},\pm	{\frac	{3}{2}},\ldots	}	Constructive	interference	occurs	when	the	waves	are	in	phase,	and	destructive	interference	when	they	are	half	a	cycle	out	of	phase.	Thus,	an	interference	fringe	pattern	is	produced,	where	the	separation	of	the	maxima	is	d	f	=	sin	{\displaystyle	d_{f}=
{\frac	{\lambda	}{\sin	\theta	}}}	and	df	is	known	as	the	fringe	spacing.	The	fringe	spacing	increases	with	increase	in	wavelength,	and	with	decreasing	angle	.The	fringes	are	observed	wherever	the	two	waves	overlap	and	the	fringe	spacing	is	uniform	throughout.Optical	interference	between	two	point	sources	that	have	different	wavelengths	and
separations	of	sources.A	point	source	produces	a	spherical	wave.	If	the	light	from	two	point	sources	overlaps,	the	interference	pattern	maps	out	the	way	in	which	the	phase	difference	between	the	two	waves	varies	in	space.	This	depends	on	the	wavelength	and	on	the	separation	of	the	point	sources.	The	figure	to	the	right	shows	interference	between
two	spherical	waves.	The	wavelength	increases	from	top	to	bottom,	and	the	distance	between	the	sources	increases	from	left	to	right.When	the	plane	of	observation	is	far	enough	away,	the	fringe	pattern	will	be	a	series	of	almost	straight	lines,	since	the	waves	will	then	be	almost	planar.Interference	occurs	when	several	waves	are	added	together
provided	that	the	phase	differences	between	them	remain	constant	over	the	observation	time.It	is	sometimes	desirable	for	several	waves	of	the	same	frequency	and	amplitude	to	sum	to	zero	(that	is,	interfere	destructively,	cancel).	This	is	the	principle	behind,	for	example,	3-phase	power	and	the	diffraction	grating.	In	both	of	these	cases,	the	result	is
achieved	by	uniform	spacing	of	the	phases.It	is	easy	to	see	that	a	set	of	waves	will	cancel	if	they	have	the	same	amplitude	and	their	phases	are	spaced	equally	in	angle.	Using	phasors,	each	wave	can	be	represented	as	A	e	i	n	{\displaystyle	Ae^{i\varphi	_{n}}}	for	N	{\displaystyle	N}	waves	from	n	=	0	{\displaystyle	n=0}	to	n	=	N	1	{\displaystyle
n=N-1}	,	where	n	n	1	=	2	N	.	{\displaystyle	\varphi	_{n}-\varphi	_{n-1}={\frac	{2\pi	}{N}}.}	To	show	that	n	=	0	N	1	A	e	i	n	=	0	{\displaystyle	\sum	_{n=0}^{N-1}Ae^{i\varphi	_{n}}=0}	one	merely	assumes	the	converse,	then	multiplies	both	sides	by	e	i	2	N	.	{\displaystyle	e^{i{\frac	{2\pi	}{N}}}.}	The	FabryProt	interferometer	uses	interference
between	multiple	reflections.A	diffraction	grating	can	be	considered	to	be	a	multiple-beam	interferometer;	since	the	peaks	which	it	produces	are	generated	by	interference	between	the	light	transmitted	by	each	of	the	elements	in	the	grating;	see	interference	vs.	diffraction	for	further	discussion.Mechanical	and	gravity	waves	can	be	directly	observed:
they	are	real-valued	wave	functions;	optical	and	matter	waves	cannot	be	directly	observed:	they	are	complex	valued	wave	functions.	Some	of	the	differences	between	real	valued	and	complex	valued	wave	interference	include:The	interference	involves	different	types	of	mathematical	functions:	A	classical	wave	is	a	real	function	representing	the
displacement	from	an	equilibrium	position;	an	optical	or	quantum	wavefunction	is	a	complex	function.	A	classical	wave	at	any	point	can	be	positive	or	negative;	the	quantum	probability	function	is	non-negative.Any	two	different	real	waves	in	the	same	medium	interfere;	complex	waves	must	be	coherent	to	interfere.	In	practice	this	means	the	wave
must	come	from	the	same	source	and	have	similar	frequenciesReal	wave	interference	is	obtained	simply	by	adding	the	displacements	from	equilibrium	(or	amplitudes)	of	the	two	waves;	In	complex	wave	interference,	we	measure	the	modulus	of	the	wavefunction	squared.Creation	of	interference	fringes	by	an	optical	flat	on	a	reflective	surface.	Light
rays	from	a	monochromatic	source	pass	through	the	glass	and	reflect	off	both	the	bottom	surface	of	the	flat	and	the	supporting	surface.	The	tiny	gap	between	the	surfaces	means	the	two	reflected	rays	have	different	path	lengths.	In	addition	the	ray	reflected	from	the	bottom	plate	undergoes	a	180	phase	reversal.	As	a	result,	at	locations	(a)	where	the
path	difference	is	an	odd	multiple	of	/2,	the	waves	reinforce.	At	locations	(b)	where	the	path	difference	is	an	even	multiple	of	/2	the	waves	cancel.	Since	the	gap	between	the	surfaces	varies	slightly	in	width	at	different	points,	a	series	of	alternating	bright	and	dark	bands,	interference	fringes,	are	seen.Because	the	frequency	of	light	waves	(~1014	Hz)
is	too	high	for	currently	available	detectors	to	detect	the	variation	of	the	electric	field	of	the	light,	it	is	possible	to	observe	only	the	intensity	of	an	optical	interference	pattern.	The	intensity	of	the	light	at	a	given	point	is	proportional	to	the	square	of	the	average	amplitude	of	the	wave.	This	can	be	expressed	mathematically	as	follows.	The	displacement
of	the	two	waves	at	a	point	r	is:	U	1	(	r	,	t	)	=	A	1	(	r	)	e	i	[	1	(	r	)	t	]	{\displaystyle	U_{1}(\mathbf	{r}	,t)=A_{1}(\mathbf	{r}	)e^{i[\varphi	_{1}(\mathbf	{r}	)-\omega	t]}}	U	2	(	r	,	t	)	=	A	2	(	r	)	e	i	[	2	(	r	)	t	]	{\displaystyle	U_{2}(\mathbf	{r}	,t)=A_{2}(\mathbf	{r}	)e^{i[\varphi	_{2}(\mathbf	{r}	)-\omega	t]}}	where	A	represents	the	magnitude	of	the
displacement,	represents	the	phase	and	represents	the	angular	frequency.The	displacement	of	the	summed	waves	is	U	(	r	,	t	)	=	A	1	(	r	)	e	i	[	1	(	r	)	t	]	+	A	2	(	r	)	e	i	[	2	(	r	)	t	]	.	{\displaystyle	U(\mathbf	{r}	,t)=A_{1}(\mathbf	{r}	)e^{i[\varphi	_{1}(\mathbf	{r}	)-\omega	t]}+A_{2}(\mathbf	{r}	)e^{i[\varphi	_{2}(\mathbf	{r}	)-\omega	t]}.}	The	intensity
of	the	light	at	r	is	given	by	I	(	r	)	=	U	(	r	,	t	)	U	(	r	,	t	)	d	t	A	1	2	(	r	)	+	A	2	2	(	r	)	+	2	A	1	(	r	)	A	2	(	r	)	cos	[	1	(	r	)	2	(	r	)	]	.	{\displaystyle	I(\mathbf	{r}	)=\int	U(\mathbf	{r}	,t)U^{*}(\mathbf	{r}	,t)\,dt\propto	A_{1}^{2}(\mathbf	{r}	)+A_{2}^{2}(\mathbf	{r}	)+2A_{1}(\mathbf	{r}	)A_{2}(\mathbf	{r}	)\cos[\varphi	_{1}(\mathbf	{r}	)-\varphi	_{2}
(\mathbf	{r}	)].}	This	can	be	expressed	in	terms	of	the	intensities	of	the	individual	waves	as	I	(	r	)	=	I	1	(	r	)	+	I	2	(	r	)	+	2	I	1	(	r	)	I	2	(	r	)	cos	[	1	(	r	)	2	(	r	)	]	.	{\displaystyle	I(\mathbf	{r}	)=I_{1}(\mathbf	{r}	)+I_{2}(\mathbf	{r}	)+2{\sqrt	{I_{1}(\mathbf	{r}	)I_{2}(\mathbf	{r}	)}}\cos[\varphi	_{1}(\mathbf	{r}	)-\varphi	_{2}(\mathbf	{r}	)].}	Thus,	the
interference	pattern	maps	out	the	difference	in	phase	between	the	two	waves,	with	maxima	occurring	when	the	phase	difference	is	a	multiple	of	2.	If	the	two	beams	are	of	equal	intensity,	the	maxima	are	four	times	as	bright	as	the	individual	beams,	and	the	minima	have	zero	intensity.Classically	the	two	waves	must	have	the	same	polarization	to	give
rise	to	interference	fringes	since	it	is	not	possible	for	waves	of	different	polarizations	to	cancel	one	another	out	or	add	together.	Instead,	when	waves	of	different	polarization	are	added	together,	they	give	rise	to	a	wave	of	a	different	polarization	state.Quantum	mechanically	the	theories	of	Paul	Dirac	and	Richard	Feynman	offer	a	more	modern
approach.	Dirac	showed	that	every	quanta	or	photon	of	light	acts	on	its	own	which	he	famously	stated	as	"every	photon	interferes	with	itself".	Richard	Feynman	showed	that	by	evaluating	a	path	integral	where	all	possible	paths	are	considered,	that	a	number	of	higher	probability	paths	will	emerge.	In	thin	films	for	example,	film	thickness	which	is	not
a	multiple	of	light	wavelength	will	not	allow	the	quanta	to	traverse,	only	reflection	is	possible.	The	discussion	above	assumes	that	the	waves	which	interfere	with	one	another	are	monochromatic,	i.e.	have	a	single	frequencythis	requires	that	they	are	infinite	in	time.	This	is	not,	however,	either	practical	or	necessary.	Two	identical	waves	of	finite
duration	whose	frequency	is	fixed	over	that	period	will	give	rise	to	an	interference	pattern	while	they	overlap.	Two	identical	waves	which	consist	of	a	narrow	spectrum	of	frequency	waves	of	finite	duration	(but	shorter	than	their	coherence	time),	will	give	a	series	of	fringe	patterns	of	slightly	differing	spacings,	and	provided	the	spread	of	spacings	is
significantly	less	than	the	average	fringe	spacing,	a	fringe	pattern	will	again	be	observed	during	the	time	when	the	two	waves	overlap.Conventional	light	sources	emit	waves	of	differing	frequencies	and	at	different	times	from	different	points	in	the	source.	If	the	light	is	split	into	two	waves	and	then	re-combined,	each	individual	light	wave	may
generate	an	interference	pattern	with	its	other	half,	but	the	individual	fringe	patterns	generated	will	have	different	phases	and	spacings,	and	normally	no	overall	fringe	pattern	will	be	observable.	However,	single-element	light	sources,	such	as	sodium-	or	mercury-vapor	lamps	have	emission	lines	with	quite	narrow	frequency	spectra.	When	these	are
spatially	and	colour	filtered,	and	then	split	into	two	waves,	they	can	be	superimposed	to	generate	interference	fringes.[5]	All	interferometry	prior	to	the	invention	of	the	laser	was	done	using	such	sources	and	had	a	wide	range	of	successful	applications.A	laser	beam	generally	approximates	much	more	closely	to	a	monochromatic	source,	and	thus	it	is
much	more	straightforward	to	generate	interference	fringes	using	a	laser.	The	ease	with	which	interference	fringes	can	be	observed	with	a	laser	beam	can	sometimes	cause	problems	in	that	stray	reflections	may	give	spurious	interference	fringes	which	can	result	in	errors.Normally,	a	single	laser	beam	is	used	in	interferometry,	though	interference
has	been	observed	using	two	independent	lasers	whose	frequencies	were	sufficiently	matched	to	satisfy	the	phase	requirements.[6]This	has	also	been	observed	for	widefield	interference	between	two	incoherent	laser	sources.[7]It	is	also	possible	to	observe	interference	fringes	using	white	light.	A	white	light	fringe	pattern	can	be	considered	to	be
made	up	of	a	'spectrum'	of	fringe	patterns	each	of	slightly	different	spacing.	If	all	the	fringe	patterns	are	in	phase	in	the	centre,	then	the	fringes	will	increase	in	size	as	the	wavelength	decreases	and	the	summed	intensity	will	show	three	to	four	fringes	of	varying	colour.	Young	describes	this	very	elegantly	in	his	discussion	of	two	slit	interference.	Since
white	light	fringes	are	obtained	only	when	the	two	waves	have	travelled	equal	distances	from	the	light	source,	they	can	be	very	useful	in	interferometry,	as	they	allow	the	zero	path	difference	fringe	to	be	identified.[8]To	generate	interference	fringes,	light	from	the	source	has	to	be	divided	into	two	waves	which	then	have	to	be	re-combined.
Traditionally,	interferometers	have	been	classified	as	either	amplitude-division	or	wavefront-division	systems.In	an	amplitude-division	system,	a	beam	splitter	is	used	to	divide	the	light	into	two	beams	travelling	in	different	directions,	which	are	then	superimposed	to	produce	the	interference	pattern.	The	Michelson	interferometer	and	the
MachZehnder	interferometer	are	examples	of	amplitude-division	systems.In	wavefront-division	systems,	the	wave	is	divided	in	spaceexamples	are	Young's	double	slit	interferometer	and	Lloyd's	mirror.Interference	can	also	be	seen	in	everyday	phenomena	such	as	iridescence	and	structural	coloration.	For	example,	the	colours	seen	in	a	soap	bubble
arise	from	interference	of	light	reflecting	off	the	front	and	back	surfaces	of	the	thin	soap	film.	Depending	on	the	thickness	of	the	film,	different	colours	interfere	constructively	and	destructively.Iridiscence	caused	by	thin-film	interferenceSmartphone	with	iridescent	back	panelAn	oil	spillWhite	light	interference	in	a	soap	bubble.See	also:	Double-slit
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matter[9]	resembles	optical	interference.	Let	(	x	,	t	)	{\displaystyle	\Psi	(x,t)}	be	a	wavefunction	solution	of	the	Schrdinger	equation	for	a	quantum	mechanical	object.	Then	the	probability	of	observing	the	object	in	the	interval	[	a	,	b	]	{\displaystyle	[a,b]}	is	P	(	[	a	,	b	]	)	=	a	b	|	(	x	,	t	)	|	2	d	x	=	a	b	(	x	,	t	)	(	x	,	t	)	d	x	{\displaystyle	P([a,b])=\int
_{a}^{b}|\Psi	(x,t)|^{2}dx=\int	_{a}^{b}\Psi	^{*}(x,t)\Psi	(x,t)dx}	where	*	indicates	complex	conjugation.	Quantum	interference	concerns	the	issue	of	this	probability	when	the	wavefunction	is	expressed	as	a	sum	or	linear	superposition	of	two	terms	(	x	,	t	)	=	A	(	x	,	t	)	+	B	(	x	,	t	)	{\displaystyle	\Psi	(x,t)=\Psi	_{A}(x,t)+\Psi	_{B}(x,t)}	:	P	(	[	a	,	b	]	)	=
a	b	|	(	x	,	t	)	|	2	=	a	b	(	|	A	(	x	,	t	)	|	2	+	|	B	(	x	,	t	)	|	2	+	A	(	x	,	t	)	B	(	x	,	t	)	+	A	(	x	,	t	)	B	(	x	,	t	)	)	d	x	{\displaystyle	P([a,b])=\int	_{a}^{b}|\Psi	(x,t)|^{2}=\int	_{a}^{b}(|\Psi	_{A}(x,t)|^{2}+|\Psi	_{B}(x,t)|^{2}+\Psi	_{A}^{*}(x,t)\Psi	_{B}(x,t)+\Psi	_{A}(x,t)\Psi	_{B}^{*}(x,t))dx}	Usually,	A	(	x	,	t	)	{\displaystyle	\Psi	_{A}(x,t)}	and	B	(	x	,	t	)
{\displaystyle	\Psi	_{B}(x,t)}	correspond	to	distinct	situations	A	and	B.	When	this	is	the	case,	the	equation	(	x	,	t	)	=	A	(	x	,	t	)	+	B	(	x	,	t	)	{\displaystyle	\Psi	(x,t)=\Psi	_{A}(x,t)+\Psi	_{B}(x,t)}	indicates	that	the	object	can	be	in	situation	A	or	situation	B.	The	above	equation	can	then	be	interpreted	as:	The	probability	of	finding	the	object	at	x
{\displaystyle	x}	is	the	probability	of	finding	the	object	at	x	{\displaystyle	x}	when	it	is	in	situation	A	plus	the	probability	of	finding	the	object	at	x	{\displaystyle	x}	when	it	is	in	situation	B	plus	an	extra	term.	This	extra	term,	which	is	called	the	quantum	interference	term,	is	A	(	x	,	t	)	B	(	x	,	t	)	+	A	(	x	,	t	)	B	(	x	,	t	)	{\displaystyle	\Psi	_{A}^{*}(x,t)\Psi
_{B}(x,t)+\Psi	_{A}(x,t)\Psi	_{B}^{*}(x,t)}	in	the	above	equation.	As	in	the	classical	wave	case	above,	the	quantum	interference	term	can	add	(constructive	interference)	or	subtract	(destructive	interference)	from	|	A	(	x	,	t	)	|	2	+	|	B	(	x	,	t	)	|	2	{\displaystyle	|\Psi	_{A}(x,t)|^{2}+|\Psi	_{B}(x,t)|^{2}}	in	the	above	equation	depending	on	whether	the
quantum	interference	term	is	positive	or	negative.	If	this	term	is	absent	for	all	x	{\displaystyle	x}	,	then	there	is	no	quantum	mechanical	interference	associated	with	situations	A	and	B.The	best	known	example	of	quantum	interference	is	the	double-slit	experiment.	In	this	experiment,	matter	waves	from	electrons,	atoms	or	molecules	approach	a
barrier	with	two	slits	in	it.	One	slit	becomes	A	(	x	,	t	)	{\displaystyle	\Psi	_{A}(x,t)}	and	the	other	becomes	B	(	x	,	t	)	{\displaystyle	\Psi	_{B}(x,t)}	.	The	interference	pattern	occurs	on	the	far	side,	observed	by	detectors	suitable	to	the	particles	originating	the	matter	wave.[10]	The	pattern	matches	the	optical	double	slit	pattern.Main	article:	Beat
(acoustics)In	acoustics,	a	beat	is	an	interference	pattern	between	two	sounds	of	slightly	different	frequencies,	perceived	as	a	periodic	variation	in	volume	whose	rate	is	the	difference	of	the	two	frequencies.With	tuning	instruments	that	can	produce	sustained	tones,	beats	can	be	readily	recognized.	Tuning	two	tones	to	a	unison	will	present	a	peculiar
effect:	when	the	two	tones	are	close	in	pitch	but	not	identical,	the	difference	in	frequency	generates	the	beating.	The	volume	varies	like	in	a	tremolo	as	the	sounds	alternately	interfere	constructively	and	destructively.	As	the	two	tones	gradually	approach	unison,	the	beating	slows	down	and	may	become	so	slow	as	to	be	imperceptible.	As	the	two	tones
get	further	apart,	their	beat	frequency	starts	to	approach	the	range	of	human	pitch	perception,[11]	the	beating	starts	to	sound	like	a	note,	and	a	combination	tone	is	produced.	This	combination	tone	can	also	be	referred	to	as	a	missing	fundamental,	as	the	beat	frequency	of	any	two	tones	is	equivalent	to	the	frequency	of	their	implied	fundamental
frequency.Main	article:	InterferometryInterferometry	has	played	an	important	role	in	the	advancement	of	physics,	and	also	has	a	wide	range	of	applications	in	physical	and	engineering	measurement.	The	impact	on	physics	and	the	applications	span	various	types	of	waves.Main	article:	Optical	interferometryThomas	Young's	double	slit	interferometer
in	1803	demonstrated	interference	fringes	when	two	small	holes	were	illuminated	by	light	from	another	small	hole	which	was	illuminated	by	sunlight.	Young	was	able	to	estimate	the	wavelength	of	different	colours	in	the	spectrum	from	the	spacing	of	the	fringes.	The	experiment	played	a	major	role	in	the	general	acceptance	of	the	wave	theory	of	light.
[8]In	quantum	mechanics,	this	experiment	is	considered	to	demonstrate	the	inseparability	of	the	wave	and	particle	natures	of	light	and	other	quantum	particles	(waveparticle	duality).	Richard	Feynman	was	fond	of	saying	that	all	of	quantum	mechanics	can	be	gleaned	from	carefully	thinking	through	the	implications	of	this	single	experiment.[12]The
results	of	the	MichelsonMorley	experiment	are	generally	considered	to	be	the	first	strong	evidence	against	the	theory	of	a	luminiferous	aether	and	in	favor	of	special	relativity.Interferometry	has	been	used	in	defining	and	calibrating	length	standards.	When	the	metre	was	defined	as	the	distance	between	two	marks	on	a	platinum-iridium	bar,
Michelson	and	Benot	used	interferometry	to	measure	the	wavelength	of	the	red	cadmium	line	in	the	new	standard,	and	also	showed	that	it	could	be	used	as	a	length	standard.	Sixty	years	later,	in	1960,	the	metre	in	the	new	SI	system	was	defined	to	be	equal	to	1,650,763.73	wavelengths	of	the	orange-red	emission	line	in	the	electromagnetic	spectrum
of	the	krypton-86	atom	in	a	vacuum.	This	definition	was	replaced	in	1983	by	defining	the	metre	as	the	distance	travelled	by	light	in	vacuum	during	a	specific	time	interval.	Interferometry	is	still	fundamental	in	establishing	the	calibration	chain	in	length	measurement.Interferometry	is	used	in	the	calibration	of	slip	gauges	(called	gauge	blocks	in	the
US)	and	in	coordinate-measuring	machines.	It	is	also	used	in	the	testing	of	optical	components.[13]Main	article:	Astronomical	interferometerThe	Very	Large	Array,	an	interferometric	array	formed	from	many	smaller	telescopes,	like	many	larger	radio	telescopes.In	1946,	a	technique	called	astronomical	interferometry	was	developed.	Astronomical
radio	interferometers	usually	consist	either	of	arrays	of	parabolic	dishes	or	two-dimensional	arrays	of	omni-directional	antennas.	All	of	the	telescopes	in	the	array	are	widely	separated	and	are	usually	connected	together	using	coaxial	cable,	waveguide,	optical	fiber,	or	other	type	of	transmission	line.	Interferometry	increases	the	total	signal	collected,
but	its	primary	purpose	is	to	vastly	increase	the	resolution	through	a	process	called	Aperture	synthesis.	This	technique	works	by	superposing	(interfering)	the	signal	waves	from	the	different	telescopes	on	the	principle	that	waves	that	coincide	with	the	same	phase	will	add	to	each	other	while	two	waves	that	have	opposite	phases	will	cancel	each	other
out.	This	creates	a	combined	telescope	that	is	equivalent	in	resolution	(though	not	in	sensitivity)	to	a	single	antenna	whose	diameter	is	equal	to	the	spacing	of	the	antennas	farthest	apart	in	the	array.An	acoustic	interferometer	is	an	instrument	for	measuring	the	physical	characteristics	of	sound	waves	in	a	gas	or	liquid,	such	velocity,	wavelength,
absorption,	or	impedance.	A	vibrating	crystal	creates	ultrasonic	waves	that	are	radiated	into	the	medium.	The	waves	strike	a	reflector	placed	parallel	to	the	crystal,	reflected	back	to	the	source	and	measured.Active	noise	controlBeat	(acoustics)Coherence	(physics)DiffractionHaidinger	fringesInterference	lithographyInterference
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