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Velocity	of	light	is	equal	to

Velocity	of	light	in	a	medium	is	equal	to.	Velocity	of	light	is	equal	to	formula.	Velocity	of	matter	wave	is	equal	to	the	velocity	of	light.	Wave	velocity	of	light	is	equal	to.	The	product	of	which	of	the	following	is	equal	to	the	velocity	of	light.	Velocity	of	light	is	equal	to	in	terms	of	permittivity	permeability.	Velocity	of	light	is	equal	to	the	product	of.	Velocity
of	laser	light	is	equal	to.

29	March	2014	29	March	2014	/	Jillian	Scudder	The	speed	of	light	in	a	vacuum	is	a	constant	in	our	universe;	no	matter	where	you	are	or	how	you	move,	light	always	travels	at	the	same	speed.	But	what	is	the	speed?	It’s	299,792,458	meters	per	second,	or	299,792,458	kilometers	per	second.	Very	fast.	Using	the	speed	of	light	can	be	quite	convenient
for	astronomical	purposes,	because	we	can	start	using	it	as	an	extremely	long	ruler.	Since	the	speed	at	which	light	travels	is	always	the	same	in	the	vacuum	of	space,	the	distance	it	will	cover	in	a	fixed	amount	of	time	is	also	always	the	same.	If	you	are	driving	exactly	60	miles	per	hour,	then	it	will	always	take	exactly	one	hour	to	travel	60	miles.	It	is
the	same	principle	with	light,	except	on	a	much	larger	scale.	The	distance	between	the	Earth	and	the	Sun	is	about	93	million	miles,	or	149.6	million	kilometers.	Light	travels	about	three	hundred	thousand	kilometers	per	second,	but	even	at	that	crazy	speed,	the	distance	between	the	Earth	and	the	Sun	is	big	enough	that	there	will	be	delay.	A	little	over
eight	minutes	late.	8	minutes	is	not	very	long,	but	it	is	certainly	obvious.	To	get	to	Jupiter	from	the	Sun,	light	takes	43	minutes	–	to	get	to	Saturn,	it’s	about	80	minutes	–	almost	an	hour	and	a	half.	Mars	gets	light	from	the	sun	about	12.5	minutes	later,	and	Neptune,	the	most	distant	main	planet	in	our	solar	system,	has	to	wait	about	250	minutes	–	a
little	over	four	hours.	This	kind	of	time	lag	is	something	that	all	scientists	working	with	the	space	probe	orbiting	other	worlds	(or	roving	on	their	surfaces)	have	to	face.	The	delay	will	be	at	least	8	minutes	less	than	the	numbers	above,	but	depending	on	where	the	planets	are	in	their	orbits,	it	can	be	significantly	longer.	It’s	the	root	of	NASA’s	“Seven
Minute	of	Terror”	video	released	before	the	Curiosity	rover	landed;	they	knew	the	rover	would	have	to	land,	deploy	and	radio	at	home,	but	they	had	to	wait	seven	minutes	to	make	the	journey	between	Earth	and	Mars.	Most	distances	in	astronomy	are	too	small	to	use	light	minutes,	seconds	or	hours.	The	star	closest	to	us	is	four	light	years	away.	From
the	Sun	to	the	center	of	our	galaxy	is	about	30,000	light	years.	Our	galaxy	is	so	large	that	it	would	take	about	100,000	years	for	light	to	travel	from	board	to	board.	And	the	distances	between	galaxies	are	even	greater.	Do	you	have	a	question,	or	do	you	find	something	unclear	here?	Feel	free	to	ask!	Or	submit	your	questions	via	the	sidebar,	Facebook,
Twitter	or	Google+.	29	March	2014/	Jillian	Scudder/	Speed	at	which	all	massless	particles	and	associated	fields	travel	in	the	vacuum	“Lightspeed”	redirects	here.	For	other	uses,	see	Speed	of	Light	(disambiguation)	and	Speed	of	Light	(disambiguation).	The	speed	of	light	takes	about	8	minutes	17	seconds	to	travel	the	average	from	the	Sun’s	surface	to
Earth.	Accurate	values	per	second299	792	458	Approximate	values	(with	three	significant	digits)	significant)	Time	1080000	miles	per	second186000miles	per	hour	[1]	6710000.Syptomical	units	per	day173	[Note	1]	Parsec	per	year0.307	[Note	2]	Approximate	light	signal	Travel	TimesDistancentimeone	Foot1.0	NSONE	Metre3.3	NSFROM	ORBIT
GEOSTATATIONS	A	EARTH119	MSHTHON	LUNGHENDE	ANALYTICS	THE	VIA	MILICO	100000	ANNI	Andromeda	Galaxy	to	Earth2.5	million	years	Principle	of	special	relativity	Theory	of	relativity	Foundations	Inertial	structure	Reference	speed	of	light	Maxwell	Lerentz	Alternative	transformation	Time	Transformation	Contraction	Mass	Relativeity	-
Energy	Relativistic	Simulation	Relativistic	Doppler	Effect	Thomas	The	speed	of	light	in	the	vacuum,	commonly	denoted	c,	is	an	important	universal	physical	constant	in	many	areas	of	physics.	Its	exact	value	is	defined	as	2997924587	meters	per	second	(about	300000	km/s,	or	186000	mI/s).	[Note	3]	It	is	correct	because,	by	international	agreement,
one	meter	is	defined	as	the	length	of	the	path	traveled	by	light	In	the	vacuum	during	a	time	interval	of	1	°	"299792458	second.	[Note	4]	[3]	According	to	special	relativity,	C	is	the	upper	limit	for	the	speed	at	which	conventional	matter,	energy	or	any	signal	that	transports	information	can	travel	in	space.	Although	this	speed	is	more	commonly
associated	with	light,	it	is	also	the	speed	with	which	all	particles	without	mass	and	field	disturbances	travel	in	the	vacuum,	including	electromagnetic	radiation	(of	which	light	is	a	small	range	in	the	frequency	spectrum)	and	gravitational	waves.	These	particles	and	waves	travel	to	C,	regardless	of	the	movement	of	the	source	or	the	inertial	reference
frame	of	the	observer.	Particles	with	resting	mass	other	than	zero	can	approach	c,	but	can	never	reach	it,	regardless	of	the	reference	frame	in	which	their	speed	is	measured.	In	the	special	and	general	theories	of	relativity,	it	interrelates	space	and	time,	and	also	appear	in	the	famous	mass	equation	€	"Energy	equivalence,	E	=	MC2.	[4]	In	some	cases
objects	or	waves	may	seem	to	travel	faster	than	light	(e.g.of	phase	of	the	waves,	the	appearance	of	some	astronomical	objects	at	high	speed	and	particular	quantum	effects).	The	expansion	of	the	universe	is	meant	to	overcome	the	speed	of	light	beyond	a	certain	boundary.	The	speed	at	whichpropagates	through	transparent	materials,	such	as	glass	or
air,	is	lower	than	c;	analogously,	the	speed	of	electromagnetic	waves	in	metal	cables	is	lower	than	c.	The	ratio	between	c	and	the	speed	v	to	which	light	travels	in	a	material	is	called	a	refractive	index	n	of	the	material	(n	=	c	/	v).	For	example,	for	visible	light,	the	glass	refractive	index	is	typically	about	1.5,	which	means	that	the	light	in	the	glass	travels
to	c	/	1.5	â¢	200	000Â	km/s	(124	000Â	mi/s);	the	air	refraction	index	for	visible	light	is	about	1,0003,	so	the	speed	of	light	in	the	air	is	about	90Â	km/s	(56Â	mi/s)	lower	than	c.	For	many	practical	purposes,	light	and	other	electromagnetic	waves	will	seem	to	propagate	instantly,	but	for	long	distances	and	very	sensitive	measurements,	their	finite	speed
has	remarkable	effects.	In	communication	with	distant	space	probes,	it	may	take	minutes	or	hours	because	a	message	arrives	from	Earth	to	the	spaceship,	or	vice	versa.	The	light	seen	by	the	stars	left	them	many	years	ago,	allowing	the	study	of	the	history	of	the	universe	by	observing	distant	objects.	The	finite	speed	of	light	also	limits	data	transfer
between	CPU	and	memory	chips	on	computers.	Light	speed	can	be	used	with	flight	time	measurements	to	measure	large	distances	at	high	precision.	Ole	RÃ	̧mer	demonstrated	for	the	first	time	in	1676	that	light	travels	at	finite	speed	(not	instant)	studying	the	apparent	motion	of	the	moon	of	Jupiter	I.	In	1865,	James	Clerk	Maxwell	proposed	that	light
be	an	electromagnetic	wave,	and	therefore	travel	at	speed	and	appear	in	his	theory	of	electromagnetism[5].	In	1905,	Albert	Einstein	suggested	that	the	speed	of	light	c	compared	to	any	inertial	structure	was	a	constant	and	independent	from	the	motion	of	the	light	source.	[6]	He	explored	the	consequences	of	this	postulate	by	deriving	the	theory	of
relativity	and	thus	showing	that	the	parameter	was	relevant	outside	the	context	of	light	and	electromagnetism.	After	centuries	of	more	precise	measurements,	in	1975	the	speed	of	light	was	299	792	458Â	m/s	(983	571	056Â	ft/s;	186	282.397Â	mi/s)	with	a	measurement	uncertainty	of	4Â	parts	per	billion.	In	1983,	the	subway	was	redefined	in	the
International	System	of	Units	(SI)	as	the	distance	traveled	from	light	in	the	vacuum	in	1Â/299	792	458	of	a	second.	Numerical	value,	notation	and	unity	The	speed	of	light	in	the	vacuum	is	usually	indicated	by	a	tiny	c,	which	stands	for	"constant"	or	from	the	Latin	celeritas	(which	means	"rapidity,	celerity").	In	1856,	Wilhelm	Eduard	Weber	and	Rudolf
Kohlrausch	had	used	c	for	a	different	constant,	which	later	proved	equal	to	2	times	the	speed	of	light	in	the	vacuum.	Historically,	the	V	symbol	was	used	as	an	alternative	symbol	for	light	speed,	introduced	by	James	Clerk	Maxwell	in	1865.	In	1894,	Paul	Drude	redefined	c	with	hismodern.	Einstein	used	the	V	in	his	original	writings	in	German	on	special
relativity	in	1905,	but	in	1907	he	passed	to	C,	which	he	had	now	become	the	symbol	of	the	speed	of	light.	[7][8]	Sometimes	c	is	used	for	the	speed	of	waves	in	any	material	medium,	and	c0	for	the	speed	of	light	in	vacuum.	[9]	This	undersigned	notation,	which	is	supported	in	the	official	SI	literature,[10]	has	the	same	form	as	other	related	constants:
Î1⁄40	for	vacuum	permeability	or	magnetic	constant,	Îμ0	for	vacuum	license	or	electric	constant,	and	Z0	for	free	space	impedance.	This	article	uses	c	exclusively	for	the	speed	of	light	in	vacuum.	Since	1983,	the	meter	has	been	defined	in	the	International	System	of	Units	(SI)	as	the	distance	light	travels	unladen	in	1â299	792	458	of	a	second.	This
definition	sets	the	velocity	of	light	in	vacuum	at	exactly	299	792	458	m/s.[11][12][13]	As	a	physical	dimensional	constant,	the	numerical	value	of	c	is	different	for	different	systems	of	units.	[Note	3]	In	those	branches	of	physics	where	c	often	appears,	such	as	in	relativity,	it	is	common	to	use	systems	of	natural	units	of	measurement	or	the	system	of
geometric	units	where	c	=	1.[14][15]	Using	these	units,	c	does	not	appear	explicitly	because	the	multiplication	or	division	of	1	does	not	affect	the	result.	fundamental	role	in	physics	See	also:	special	relativity	and	one-way	light	speed	The	speed	at	which	light	waves	propagate	in	a	vacuum	is	independent	of	both	the	wave	source	motion	and	the	frame	in
which	the	light	waves	propagate	in	a	vacuum.	reference	material	of	the	observer.	[Footnote	5]	This	invariance	of	the	speed	of	light	was	postulated	by	Einstein	in	1905,[6]	after	being	motivated	by	Maxwell’s	theory	of	electromagnetism	and	the	lack	of	evidence	for	the	luminiferous	ether;[16]	since	then	it	has	been	consistently	confirmed	by	many
experiments.	[	Note	6]	It	is	possible	to	test	experimentally	that	the	speed	of	light	in	two	ways	(e.g.	from	a	source	to	a	mirror	and	again)	is	framed,	because	it	is	impossible	to	measure	the	speed	of	a	single	light	path	(e.g.	from	a	source	to	a	remote	detector)	without	any	convention	on	how	the	clocks	at	the	source	You	and	the	detector	should	be
synchronized.	However,	by	adopting	Einstein’s	synchronization	for	clocks,	the	speed	of	a	light	path	becomes	equal	to	the	speed	of	two	light	paths	by	definition.	[17]	[18]	The	Special	Theory	of	Relativity	explores	the	consequences	of	this	invariance	of	c	with	the	hypothesis	that	the	laws	of	physics	are	the	same	in	all	reference	inertial	frames.	One
consequence	is	that	there	is	the	speed	at	which	all	particles	and	waves	without	mass,	including	light,	have	to	travel	in	a	vacuum.	The	Lorentz	factor	Î3	as	a	function	of	velocity.	It	starts	at	1	and	approaches	infinity	as	v	approaches	c.	Special	relativity	has	many	counterintuitive	and	experimentally	verified	implications.	[21]	These	include	the
equivalence	of	mass	and	energy	(E	=	mc2),	the	contraction	of	length	(moving	objects	shorten),[note	7]	and	the	expansion	of	the	(moving	clocks	run	slower).	The	γ	factor	with	which	the	lengths	contract	and	the	dilating	time	is	known	as	the	Lorentz	factor	and	is	given	by	γ	=	(1	−	v2/c2)−1/2,	where	v	v	vThe	velocity	of	the	object.	The	difference	of	Â³
from	1	is	negligible	for	the	much	lenient	speed	of	C,	like	most	daily	speeds	-	in	which	case	special	relativity	is	strictly	approximated	by	the	Galileian	relativity	...	but	increases	at	relativistic	speed	and	diverges	a	Infinite	as	approaching	c.	For	example,	a	expansion	factor	of	the	time	of	Î³Ã	¢	=	Ã,	2	takes	place	at	a	relative	speed	of	86.6%	of	the	speed	of
light	(vÃ	¢	=	Ã,	0.866,	c).	Similarly,	a	expansion	factor	of	the	time	of	Î³Ã	¢	=	Ã,	10	occurs	at	VÃ	¢	=	Ã,	of	99.5%	Ã	¢	c.	The	results	of	special	relativity	can	be	summarized	by	dealing	with	space	and	time	as	a	unified	structure	known	as	a	structure	space	(with	...	related	to	space	and	time	units),	and	requiring	that	physical	theories	meet	a	special
symmetry	called	Lorentz	Invariance	,	whose	mathematical	formulation	contains	the	parameter	...	[24]	Lorentz	Invariance	is	a	nearly	universal	hypothesis	for	modern	physical	theories,	such	as	quantum	electrodynamics,	quantum	chrome,	the	standard	model	of	particle	physics	and	general	relativity	.	As	such,	the	parameter	is	omnipresent	in	modern
physics,	which	appears	in	many	contexts	that	are	not	related	to	light.	For	example,	general	relativity	provides	that	it	is	also	the	speed	of	gravity	and	gravitational	waves.	[25]	[Note	8]	in	non-aggregated	frames	of	reference	(gravitations	gravitations	curved	or	accelerated	reference	frames),	the	local	light	speed	is	constant	and	equal	to	â	€	¢	but	the
speed	of	light	along	a	trajectory	of	the	finished	length	can	Different	from	C,	depending	on	how	distances	and	times	are	defined.	[27]	It	is	generally	assumed	that	the	fundamental	constants	as	the	C	have	the	same	value	at	all	time	space,	which	means	that	they	do	not	depend	on	the	position	and	do	not	vary	over	time.	However,	it	was	suggested	in
various	theories	that	the	speed	of	light	could	be	changed	over	time.	[28]	[29]	No	conclusion	test	was	found	for	such	changes,	but	remain	subject	to	research	in	progress.	[30]	[31]	It	is	also	assumed	that	the	speed	of	light	is	isotropic,	which	means	that	it	has	the	same	value	regardless	of	the	direction	in	which	it	is	measured.	Remarks	of	emissions	of
nuclear	power	levels	according	to	the	orientation	of	the	emitters	nuclei	in	a	magnetic	field	(see	hughesÃ	¢	â,¬	"DREVER	Experiment)	and	rotating	optical	resins	(see	resonator	experiments)	put	the	strict	limits	on	possible	Aniotropia	of	the	mode	[32]	[33]	Higher	limit	on	speeds	according	to	special	relativity,	the	energy	of	an	object	with	the	rest	mass
M	and	the	speed	V	is	given	by	Î³MC2,	where	Î³	is	the	Lorentz	factor	defined	above.	When	V	is	zero,	Î³	is	equal	to	one,	giving	rise	to	the	famous	formula	E	=	MC2	for	mass	mass	â,¬	"energy	equivalence.	The	factor	Î³	is	approaching	the	infinite	V	approaches	c,	and	it	would	take	an	infinite	amount	of	energy	to	speed	up	an	object	with	mass	at	the	speed	of
light.	Light	speed	is	the	top	limit	for	object	speeds	with	positive	rest	mass	and	individual	photons	cannot	travel	faster	than	the	speed	ofThis	is	established	experimentally	in	many	tests	of	relativistic	energy	and	momentum.[37]	Event	A	precedes	B	in	the	red	box,	is	simultaneous	with	B	in	the	green	box	and	follows	B	in	the	blue	box.	More	generally,	it	is
impossible	for	signals	or	energy	to	travel	faster	than	c.	An	argument	in	favour	of	this	derives	from	the	counterintuitive	implication	of	special	relativity	known	as	the	relativity	of	simultaneity.	If	the	spatial	distance	between	two	events	A	and	B	is	greater	than	the	time	interval	between	them	multiplied	by	c,	then	there	are	frames	in	which	A	precedes	B,
others	in	which	B	precedes	A,	and	others	in	which	they	are	simultaneous.	Consequently,	if	something	traveled	faster	than	c	than	an	inertial	reference	system,	it	would	travel	back	in	time	compared	to	another	system,	and	causality	would	be	violated.[Note	9][39]	In	such	a	frame	of	reference,	one	might	observe	an	“effect”	before	its	“cause”.	Such	a
breach	of	causality	has	never	been	recorded,[18]	and	would	lead	to	paradoxes	like	the	tachionic	anti-telephone.[40]	Observations	and	Experiments	Faster	than	Light	Main	article:	More	Fast	Light	Learn	More:	Superluminal	Movement	There	are	situations	where	it	may	seem	that	the	matter,	energy	or	signal	carrying	information	travels	at	speeds	above
c,	but	it	is	not	so.	For	example,	as	discussed	in	the	propagation	of	light	in	a	middle	section	below,	many	wave	velocities	can	exceed	c.	For	example,	the	phase	velocity	of	X-rays	through	most	eyeglasses	can	routinely	exceed	c,[41]	but	the	phase	velocity	does	not	determine	the	speed	at	which	the	waves	transmit	information.[42]	If	a	laser	beam	is
projected	rapidly	on	a	distant	object,	the	point	of	light	can	move	faster	than	the	speed	at	which	the	light	is	transmitted.	Ã	̈	̈	̈	̈	c,	even	if	the	initial	movement	of	the	point	is	delayed	due	to	the	time	it	takes	to	reach	the	distant	object	at	the	velocity	c.	However,	the	only	physical	entities	that	move	are	the	laser	and	its	emitted	light,	which	travels	at	the
speed	of	the	laser	to	the	various	positions	of	the	point.	Similarly,	a	shadow	projected	on	a	distant	object	can	be	made	to	move	faster	than	light	after	a	delay	in	time.[43]	In	no	case	does	energy	or	information	travel	faster	than	light.[44]	The	rate	of	change	in	the	distance	between	two	objects	in	a	frame	of	reference	relative	to	which	both	objects	travel
faster	than	light.[44]	move	(their	closing	speed)	may	have	a	value	greater	than	c.	However,	this	does	not	represent	the	velocity	of	a	single	object	measured	in	a	single	inertial	frame.[44]	Some	quantum	effects	seem	to	be	transmitted	instantaneously	and	thus	faster	than	c,	as	in	the	EPR	paradox.	One	example	concerns	the	quantum	states	of	two
particles	that	can	be	entangled.	Until	one	of	the	two	particles	is	observed,	they	exist	in	a	of	two	quantum	states.	If	the	particles	are	separated	and	the	quantum	state	of	one	particle	is	observed,	the	quantum	state	of	the	other	particle	is	determined	instantly.	However,	it	is	To	control	which	quantum	state	the	first	particle	will	assume	when	it	is
observed,	so	the	information	cannot	be	transmitted	this	way.	[44]	[45]	Another	quantum	effect	that	predicts	the	occurrence	of	faster-lighter	velocities	is	called	the	HARTMAN	effect:	under	certain	conditions	the	time	required	for	a	virtual	particle	to	tunnel	through	a	barrier	is	constant,	regardless	of	the	thickness	of	the	barrier.	[46]	[47]	This	could
cause	a	virtual	particle	to	cross	a	large	gap	faster	and	lighter.	However,	no	information	can	be	sent	using	this	effect.	[48]	The	so-called	superluminal	motion	is	seen	in	some	astronomical	objects,	[49]	as	the	relativistic	jets	of	radio	and	quasar	galaxies.	However,	these	jets	do	not	move	faster	than	the	speed	of	light:	the	apparent	superluminal	motion	is	a
projection	effect	caused	by	objects	moving	close	to	the	speed	of	light	and	approaching	the	ground	at	a	small	angle	to	the	line	of	sight:	from	light	which	was	emitted	when	the	jet	was	farther	away.	If	it	took	longer	to	reach	Earth,	the	time	between	two	successive	observations	corresponds	to	a	longer	time	between	the	moments	when	the	rays	of	light
were	emitted.	[50]	In	models	of	the	Expandable	Universe,	the	galaxies	are	farther	apart,	the	faster	they	break	apart.	This	refuge	is	not	due	to	movement	through	space,	but	rather	to	the	expansion	of	space	itself.	[44]	For	example,	galaxies	far	from	Earth	seem	to	move	you	away	from	Earth	at	a	speed	proportional	to	their	distances.	Beyond	a	boundary
called	the	Hubble	sphere,	the	rate	at	which	their	distances	from	the	rise	of	the	earth	become	greater	than	the	speed	of	light.	[51]	Light	propagation	in	classical	physics,	light	is	described	as	a	type	of	electromagnetic	wave.	The	classic	behaviour	of	the	electromagnetic	field	is	described	by	Maxwell’s	equations,	which	predict	that	the	velocity	with	which
electromagnetic	waves	(such	as	light)	propagate	in	vacuum	is	related	to	the	distributed	capacitance	and	inductance	of	vacuum,	otherwise	known	as	the	electric	constant	Î1⁄4Î1⁄40	and	the	constant	constant	magnetic	Î1⁄40,	by	equation	[52]	c	=	1	Ã®Î1⁄4	0	Î±	0	Ã¢.	{\	displaystyle	c	=	{\	frac	{1}	{\	sqrt	{\	varepsilon	_	{0}}}}	_	{0}}}}	_	{0}}}}	_
{0}}}}}}	In	modern	quantum	physics,	the	electromagnetic	field	is	described	by	the	theory	of	quantum	electrodynamics	(QED).	In	this	theory,	light	is	described	by	the	fundamental	excitations	(or	quanta)	of	the	electromagnetic	field,	called	photons.	In	QED,	photons	are	particles	without	mass	and	therefore,	according	to	a	special	relativity,	they	travel
at	the	speed	of	light	in	a	vacuum.	Extensions	of	QED	where	the	photon	was	considered.	In	such	a	theory,	its	velocity	would	depend	on	its	frequency,	and	the	invariant	velocity	of	special	relativity	would	therefore	be	Upper	limit	of	light	speed	in	the	void.	[27]	No	change	in	the	speed	of	light	with	the	frequency	was	observed	in	strict	tests,	[53]	[54]	[55]
putting	severe	limits	on	the	mass	of	the	photon.	The	limit	obtained	depends	on	the	model	model	If	the	massive	photon	is	described	by	Proca’s	theory,[56]	the	experimental	upper	limit	for	its	mass	is	about	10¢Â¢57	grams;[57]	if	the	photon	mass	is	generated	by	a	Higgs	mechanism,	the	experimental	upper	limit	is	less	acute,	m
Â¢Â¢Â¢Â¢Â¢Â¢Â¢Â¢Â¢Â¢14	eV/c2Ã	̈	[56]	(about	2Ã	̈	10Ã¢Â¢Â¢47Ã	̈	g).	Another	reason	why	the	speed	of	light	varies	with	its	frequency	is	the	impossibility	of	applying	special	relativity	to	arbitrarily	small	scales,	as	predicted	by	some	theories	of	quantum	gravity.	In	2009,	the	observation	of	the	gamma-ray	flash	GRB	090	510	found	no	evidence	of	a
dependence	of	photon	velocity	on	energy,	supporting	tight	constraints	in	specific	space-time	quantization	models	on	how	this	velocity	is	affected	by	photon	energy	for	energies	approaching	the	scale	of	Planck.[58]	In	a	medium	See	also:	Refractive	index	In	a	medium,	light	does	not	normally	propagate	at	a	velocity	of	c;	in	addition,	different	types	of
light	waves	travel	at	different	speeds.	The	velocity	at	which	individual	ridges	and	basses	of	a	flat	wave	(a	wave	that	fills	the	whole	space	with	a	single	frequency)	propagate	is	called	phase	velocity	vp.	A	physical	signal	with	finite	extension	(a	pulse	of	light)	travels	at	a	different	speed.	Most	of	the	pulse	travels	at	group	velocity	vg,	and	its	first	part
travels	at	forward	velocity	vf.	The	blue	dot	moves	at	the	speed	of	the	ripples,	the	phase	speed;	the	green	dot	moves	at	the	speed	of	the	envelope,	the	speed	of	the	group;	and	the	red	dot	moves	at	the	speed	of	the	front	of	the	pulse,	the	forward	velocity.	Phase	velocity	is	important	in	determining	how	a	luminous	wave	travels	through	a	material	or	from
one	material	to	another.	It	is	often	represented	in	terms	of	refractive	index.	The	refractive	index	of	a	material	is	defined	as	the	ratio	of	c	to	the	phase	velocity	vp	in	the	material:	higher	refractive	indexes	indicate	lower	velocities.	The	refractive	index	of	a	material	can	depend	on	the	frequency,	intensity,	polarization	or	direction	of	light	propagation.	The
refractive	index	of	the	air	is	about	1,0003.[59]	Densimetric	materials,	such	as	water,	glass[60]	and	diamond,[62]	have	refractive	indices	of	about	1.3,	1.5	and	2.4,	respectively,	for	visible	light.	In	exotic	materials	like	Bose'	Einstein	condenses	close	to	absolute	zero,	the	actual	speed	of	light	can	only	be	a	few	meters	per	second.	However,	this	represents
the	delay	of	absorption	and	re-radiation	between	atoms,	as	well	as	all	velocities	below	c	in	material	substances.	As	an	extreme	example	of	the	“slowing	down”	of	light	in	matter,	two	independent	groups	of	physicists	claimed	to	bring	light	to	a	“complete	stop”	by	passing	it	through	a	Bose'	Einstein	condensate	of	the	element.	However,	the	common
description	of	the	"flight"	light	in	these	experiments	refers	only	to	the	light	stored	in	the	excited	states	of	the	atoms,	and	then	to	be	arbitrarily	reissued	at	a	later	time,	as	stimulated	by	aLaser	pulse.	During	the	time	it	was	“stopped”,	it	had	ceased	to	be	light.	This	kind	of	behavior	is	generally	microscopic	true	for	all	transparent	media	that	“lenses”	the
speed	of	light.	[63]	In	transparent	materials,	the	refractive	index	is	generally	greater	than	1,	which	means	that	the	phase	velocity	is	less	than	c.	In	other	materials,	it	is	possible	for	the	refractive	index	becomes	smaller	than	1	for	some	frequencies;	In	some	exotic	materials	it	is	also	possible	for	the	refractive	index	to	become	negative.	[64]	The
requirement	that	causality	is	not	violated	implies	that	the	real	and	imaginary	parts	of	the	dielectric	constant	of	any	material,	corresponding	respectively	to	the	refractive	index	and	the	attenuation	coefficient,	are	connected	by	the	Kramers	–	Kronig	relations.	[65]	In	practical	terms,	this	means	that	in	a	material	with	a	refractive	index	of	less	than	1,	the
wave	absorption	is	so	fast	that	no	signal	can	be	sent	faster	than	c.	A	pulse	with	different	groups	and	phase	velocities	(which	occurs	if	the	phase	velocity	is	not	the	same	for	all	pulse	frequencies)	drool	over	time,	a	process	known	as	dispersion.	Some	materials	have	an	exceptionally	low	(or	equal)	clustering	speed	for	light	waves,	a	phenomenon	called
clear	slow,	which	has	been	confirmed	in	various	experiments.	[66]	[67]	[68]	[69]	The	opposite,	group	velocities	above	C,	were	also	shown	in	experiment.	[70]	It	should	even	be	possible	for	the	speed	of	the	group	to	become	infinite	or	negative,	with	impulses	traveling	instantaneously	or	backwards	in	time.	[71]	None	of	these	options,	however,	allow	the
transmission	of	information	faster	than	c.	It	is	impossible	to	transmit	information	with	a	light	pulse	faster	than	the	speed	of	the	first	part	of	the	pulse	(the	forward	velocity).	It	can	be	shown	that	this	is	(under	certain	assumptions)	always	equal	to	c.	[71]	It	is	possible	for	a	particle	to	travel	through	a	medium	faster	than	the	phase	velocity	of	light	in	that
medium	(but	still	slower	than	c).	When	a	charged	particle	is	that	in	a	dielectric	material,	the	electromagnetic	equivalent	of	a	shock	wave,	known	as	Cherenkov	radiation,	is	emitted.	[72]	Practical	Effects	of	Finiteness	The	speed	of	light	is	relevant	for	communications:	the	one-way	and	return	delay	time	is	greater	than	zero.	This	applies	from	small	and
astronomical	scales.	On	the	other	hand,	some	techniques	depend	on	the	speed	of	the	finite	light,	for	example	in	distance	measurements.	Small	scales	in	supercomputers,	the	speed	of	light	imposes	a	limit	on	how	quickly	data	can	be	sent	between	processors.	If	a	processor	runs	at	1	Gigahertz,	a	signal	can	travel	only	about	30	centimeters	(1	ft)	in	a
single	cycle.	Processors	must	then	be	positioned	close	to	each	other	to	reduce	minimal	communication	latencies;	This	can	cause	difficulty	with	cooling.	If	clock	frequencies	continue	to	increase,	the	speed	of	light	will	eventually	become	a	limiting	factor	for	the	interior	design	of	the	single	single	Large	distances	on	Earth,	given	that	the	equatorial
circumference	of	the	Earth	is	about	40	075	km	and	that	there	is	about	300	000	months	/	i,	the	shortest	theoretical	time	for	a	piece	of	information	to	travel	half	the	globe	along	the	surface	is	about	67	milliseconds.	When	light	travels	around	the	globe	in	an	optical	fiber,	the	actual	transit	time	is	longer,	partly	because	the	speed	of	light	is	about	35%
slower	in	an	optical	fiber,	depending	on	its	refractive	index	n.	[Footnote	10]	Straight	lines	rarely	occur	in	global	communications	situations	and	delays	are	created	when	the	signal	passes	through	an	electronic	switch	or	signal	regenerator.	[76]	Spaceflights	and	astronomy	A	ray	of	light	is	depicted	traveling	between	the	Earth	and	the	Moon	in	time
employing	a	light	impulse	to	move	between	them:	1.255	seconds	in	their	average	orbital	distance	(surface	to	surface).	The	relative	sizes	and	separation	of	the	terrestrial	system	are	shown	in	scale.	Similarly,	communications	between	the	Earth	and	the	spacecraft	are	not	instantaneous.	There	is	a	short	delay	from	the	source	to	the	receiver,	which
becomes	more	noticeable	as	the	distances	increase.	This	delay	was	significant	for	communications	between	ground	control	and	Apollo	8	when	it	became	the	first	foggy	spacecraft	to	orbit	the	moon:	for	every	question,	the	ground	control	station	had	to	wait	at	least	three	seconds	for	the	answer.	[77]	Communication	delay	between	Earth	and	Mars	can
vary	between	five	and	twenty	minutes	depending	on	the	relative	positions	of	the	two	planets.	[78]	As	a	result,	if	a	robot	on	the	surface	of	Mars	were	to	encounter	a	problem,	its	human	controllers	would	not	be	aware	of	it	until	at	least	five	minutes	later,	and	perhaps	up	to	twenty	minutes	later;	It	would	take	another	five	to	twenty	minutes	for
instructions	to	travel	from	Earth	to	Mars.	Receiving	light	and	other	signals	from	distant	astronomical	sources	can	even	take	much	longer.	For	example,	it	took	13	trillion	billion	(13-	109)	years	for	light	to	travel	to	Earth	from	the	distant	galaxies	shown	in	the	Hubble	Ultra	Deep	Field	images.	[79]	[80]	Those	photographs,	taken	today,	capture	images	of
galaxies	as	they	appeared	13	billion	years	ago,	when	the	universe	was	less	than	a	billion	years	old.	[79]	The	fact	that	distant	objects	appear	to	be	younger,	due	to	the	speed	of	finite	light,	allows	astronomers	to	deduce	the	evolution	of	stars,	galaxies	and	the	universe	itself.	Astronomical	distances	are	sometimes	expressed	in	light	years,	especially	in
popular	scientific	and	media	publications.	[81]	A	light	year	is	the	light	of	light	travels	in	a	year,	about	9461	billion	kilometers,	5879	miles	or	0.3066	parsecs.	In	the	round	figures,	a	light	year	is	almost	10	trillion	or	almost	6	trillion	miles.	Proxima	Centauri,	the	closest	star	to	Earth	after	the	sun,	is	about	4.2	light	years	away.	[82]	Distance	Measurement
Main	article:	Distance	Measurement	Radar	systems	measure	the	To	a	goal	within	the	time	required	a	radio	wave	impulse	to	return	to	the	radar	antenna	after	being	reflected	by	the	target:	the	distance	to	the	target	is	the	half	of	the	round-trip	transit	time	multiplied	by	the	speed	of	light.	A	Global	Positioning	System	(GPS)	receiver	measures	its	distance
from	GPS	satellites	based	on	how	long	it	takes	for	a	radio	signal	to	get	from	any	satellite,	and	from	these	distances	it	calculates	the	position	of	the	receiver.	Because	the	light	travels	about	300,000	kilometers	(186000	mi)	in	a	second,	these	measures	of	small	fractions	of	a	second	must	be	very	precise.	The	Lunar	Laser	Ranging	Experiment,	Radar
Astronomy	and	Deep	Space	Network	determine	the	distances	towards	the	Luna,	[83]	Planets	[84]	and	spatial	probe,	[85]	respectively,	measuring	round-trip	transit	times.	High	frequency	trading	The	speed	of	light	has	become	important	in	high	frequency	trading,	where	traders	try	to	obtain	minimum	advantages,	providing	their	exchanges	to	exchange
the	fractions	of	a	second	in	front	of	other	traders.	For	example,	traders	have	passed	to	the	microwave	communication	between	trading	hubs,	due	to	the	advantage	that	the	microwaves	traveling	close	to	the	speed	of	light	in	the	air	have	on	fiber	optic	signals,	traveling	30-40%	more	slow.	[	86]	[87]	There	are	different	ways	to	determine	the	value	of	c.
One	way	is	to	measure	the	actual	speed	to	which	the	luminous	waves	are	propagated,	which	can	be	done	in	various	astronomical	and	terrestrial	configurations.	However,	it	is	also	possible	to	determine	C	from	other	physical	laws	in	which	it	appears,	for	example,	determining	the	values	of	electromagnetic	constants	Îμ0	and	Î¼0	and	using	their
relationship	with	c.	Historically,	the	most	accurate	results	have	been	obtained	by	determining	separately	the	frequency	and	wavelength	of	a	light	beam,	with	their	product	equalization	c.	[Necessary	quotation]	In	1983	the	meter	was	defined	as	"the	length	of	the	Route	traveled	by	the	light	in	the	void	during	a	time	interval	of	1Â	"299792458	of	a
second",	[88]	fixing	the	value	of	the	light	speed	at	299792458	m	/	s	by	definition,	as	described	below.	As	a	result,	accurate	light	speed	measures	make	an	accurate	realization	of	the	metro	rather	than	a	precise	value	of	c.	The	measurement	of	the	speed	of	light	using	the	eclipse	of	I	from	Jupiter	the	outer	space	is	a	convenient	environment	to	measure
the	speed	of	light	due	to	its	large	scale	and	almost	perfect	vacuum.	Typically,	the	time	required	for	light	to	cross	a	certain	reference	distance	in	the	solar	system,	such	as	the	radius	of	the	earth	orbit.	Historically,	these	measurements	could	be	done	quite	accurately,	compared	to	what	exactly	the	length	of	the	reference	distance	is	known	in	the
terrestrial	units.	It	is	customary	to	express	the	in	astronomical	units	(AU)	per	day.	Ole	Christensen	RÃ	̧mer	used	an	astronomical	measurement	to	make	the	first	quantitative	estimate	of	the	speed	of	light	in	the	year	1676.[89]	When	measured	from	Earth,	the	periods	Moons	orbiting	a	distant	planet	are	shorter	when	Earth	approaches	the	planet	than
when	Earth	is	receding	from	it.	The	distance	from	the	light	from	the	planet	(or	from	its	moon)	to	Earth	is	shorter	when	the	Earth	is	at	the	point	in	its	orbit	which	is	closer	to	its	planet	than	when	the	Earth	is	at	the	farthest	point	of	its	orbit,	the	distance	difference	is	the	diameter	of	the	Earth	orbit	around	the	Sun.	The	change	observed	in	the	orbital
period	of	the	moon	is	caused	by	the	difference	in	time	that	requires	light	to	cross	the	shorter	or	longer	distance.	Rømer	observed	this	effect	for	the	inner	moon	of	Jupiter	Io	and	deduced	that	the	light	takes	22	minutes	to	cross	the	diameter	of	the	Earth	orbit.	Aberration	of	light:	light	from	a	distant	source	seems	to	be	from	a	different	location	for	a
moving	telescope	due	to	the	finite	speed	of	light.	Another	method	is	to	use	the	aberration	of	light,	discovered	and	explained	by	James	Bradley	in	the	18th	century.	[91]	This	effect	derives	from	the	addition	of	the	carrier	of	the	speed	of	light	that	comes	from	a	distant	source	(like	a	star)	and	the	speed	of	its	observer	(see	diagram	on	the	right.)	A	moving
observer	thus	sees	the	light	coming	from	a	slightly	different	direction	and	thus	sees	the	source	in	a	position	moved	from	its	original	position.	Since	the	direction	of	the	Earth's	speed	changes	continuously	as	Earth	orbits	the	Sun,	this	effect	causes	the	apparent	position	of	the	stars	to	move.	From	the	angle	difference	in	the	position	of	the	stars
(maximum	20,5	arcseconds)[92]	it	is	possible	to	express	the	speed	of	light	in	terms	of	Earth's	velocity	around	the	Sun,	which	with	the	known	length	of	a	year	can	be	converted	to	the	time	necessary	to	travel	from	the	Sun	to	the	Earth.	In	1729,	Bradley	used	this	method	to	obtain	that	light	traveled	10210	times	faster	than	Earth	in	its	orbit	(the	modern
figure	is	10066	times	faster)	or,	equivalently,	that	would	take	8	minutes	12	seconds	to	travel	from	the	Sun	to	Earth.	An	astronomical	unit	(AU)	is	approximately	the	average	distance	between	Earth	and	the	Sun.	It	was	redefined	in	2012	exactly	149597870700	m.[93][94	Previously	the	AU	was	not	based	on	the	International	System	of	Units,	but	in	terms
of	gravitational	force	exercised	by	the	Sun	in	the	context	of	classical	mechanics.	[Note	11]	The	current	definition	uses	the	recommended	value	in	meters	for	the	previous	definition	of	astronomical	unity,	which	has	been	determined	by	the	measurement.	[93]	This	redefinition	is	analogous	to	that	of	the	meter	and	also	has	the	effect	of	fixing	the	speed	of
light	to	an	exact	value	in	astronomical	units	per	second	(via	the	exact	speed	of	light	in	meters	per	second).	Previously,	the	reverse	of	c	expressed	in	seconds	per	astronomical	unit	was	measured	by	comparingTime	for	radio	signals	to	reach	different	spatial	vehicles	in	the	solar	system,	with	their	position	calculated	by	gravitational	effects	of	sunshine
Various	planets.	By	combining	many	such	measurements,	you	can	get	a	better	value	in	shape	for	light	time	by	drive	distance.	For	example,	in	2009,	the	best	estimate,	as	approved	by	the	International	Astronomical	Union	(IAU),	was:	[96]	[97]	[98]	Bright	time	for	the	distance	of	the	unit:	Tauâ	=	Â	499.004783836	(10)	â	s	câ	=	Â	0.00200398880410	(4)	Â
AU	/	SÂ	=	Â	173.144632674	(3)	Â	Au/day.	The	relative	uncertainty	in	these	measurements	is	0.02	parts	per	billion	(2-10	'11),	equivalent	to	uncertainty	in	earth-based	measurements	by	interferometry.	[99]	Since	the	meter	is	defined	to	be	the	length	travelled	from	light	in	a	given	time	interval,	the	measurement	of	light	time	in	terms	of	the	previous
definition	of	astronomical	unity	may	also	be	interpreted	as	measuring	the	length	of	an	AU	(old	definition)	in	Meters.	[Note	12]	Time	of	Flight	Techniques	One	of	the	last	and	most	accurate	of	flight	measurement	time,	Michelson,	Pease	and	Pearson's	1930	-	35	Experiment	used	a	rotating	mirror	and	a	1,6-mile	long	vacuum	chamber	(1.6	km)	that	the
light	beam	crossed	10	times.	It	has	reached	a	accuracy	of	±	11	km	/	s.	Diagram	of	the	FIZEAU	apparatus	A	method	to	measure	the	speed	of	light	is	to	measure	the	time	necessary	for	light	to	travel	to	a	mirror	in	a	known	and	return	distance.	This	is	the	working	principle	behind	the	Fisaau	Foucault	device	developed	by	Hippolyte	Fizeau	and	LÃ	©	on
Foucault.	[Required	quote]	The	configuration	as	used	by	Fizeau	is	composed	of	a	radius	of	direct	light	to	a	mirror	at	8	kilometers	(5	mi).	On	the	road	from	the	source	to	the	mirror,	the	radius	passes	through	a	rotating	toothed	wheel.	At	a	certain	rate	of	rotation,	the	radius	passes	through	a	gap	on	the	way	out	and	another	on	the	way	back,	but	at
slightly	higher	or	lower	rates,	the	radius	affects	a	tooth	and	does	not	pass	through	the	wheel.	Know	the	distance	between	the	wheel	and	the	mirror,	the	number	of	teeth	on	the	wheel,	and	the	rate	of	rotation,	the	speed	of	light	can	be	calculated.	[100]	The	Foucault	method	replaces	the	toothed	wheel	with	a	rotating	mirror.	As	the	mirror	continues	to
rotate	while	the	light	travels	towards	the	distant	mirror	and	back,	the	light	is	reflected	by	the	rotating	mirror	at	a	different	angle	on	its	way	by	what	is	on	the	way	back.	From	this	angle	difference,	the	known	speed	of	rotation	and	the	distance	from	the	distant	mirror	you	can	calculate	the	speed	of	light.	[101]	Nowadays,	using	oscilloscopes	with	time
resolutions	of	less	than	a	nanosecond,	the	speed	of	light	can	be	measured	directly	by	timing	of	a	light	pulse	delay	from	a	laser	or	LED	is	reflected	by	a	mirror.	This	method	is	less	accurate	(with	1%	error)	than	other	techniquesbut	is	sometimes	used	as	a	laboratory	experiment	in	college	physics	classes	[102]	[103]	[104]	Electromagnetic	Constants	An
option	for	drifting	and	which	does	not	directly	depend	on	a	measurement	of	electromagnetic	wave	propagation	is	to	use	the	relationship	between	C	and	vacuum	permissivity	îμ0	and	vacuum	cleanerIt	is	established	by	Maxwell’s	theory:	c2Ã©	=Ã©	1/	(Ã©	Î1⁄40Ã©1Â	Â	Â	Â	Â40).	The	permeability	of	the	vacuum	can	be	determined	by	measuring	the
capacity	and	size	of	a	capacitor,	while	the	value	of	the	permeability	of	the	vacuum	is	set	exactly	to	4ÃÂ¤Â¤Â¤Â¤Â¤Â¤Â¤Â¤Â¤Â¤10Ã¢Â¤7Ã¤	HÃ¢Â¢Â¢Â¢	1	by	defining	the	ampere.	Rosa	and	Dorsey	used	this	method	in	1907	to	find	a	value	of	299,710±22	km/s.[105][106]	Resonance	of	cavities	Electromagnetic	stationary	waves	in	a	cavity	Another	way
to	measure	the	speed	of	light	is	to	independently	measure	the	frequency	f	and	the	wavelength	of	an	electromagnetic	wave	in	a	vacuum.	The	value	of	c	can	then	be	found	using	the	relation	cÃ	̈	=Ã	̈	fÃ	̈.Â”	One	possibility	is	to	measure	the	resonance	frequency	of	a	cavity	resonator.	If	you	also	know	the	dimensions	of	the	resonance	cavity,	they	can	be	used
to	determine	the	wavelength	of	the	wavelength.	In	1946,	Louis	Essen	and	A.C.	Gordon-Smith	established	the	frequency	for	a	variety	of	normal	microwave	modes	of	a	microwave	cavity	of	exactly	known	dimensions.	Dimensions	were	determined	with	an	accuracy	of	about	Â±0.8Ã	̈	̈	̈	̈	̈4m	using	gauges	calibrated	by	interferometry.[105]	Since	the
wavelength	of	the	modes	was	known	from	cavity	geometry	and	electromagnetic	theory,	knowledge	of	the	associated	frequencies	made	it	possible	to	calculate	the	speed	of	light.[105]][107]	The	Essen	Gordon-Smith	result,	299,792	km/s,	was	substantially	more	accurate	than	that	found	with	optical	techniques.[105]	In	1950,	repeated	measurements
made	by	Essen	established	a	result	of	299,792.5	km/s.[108]	A	domestic	demonstration	of	this	technique	is	possible.	Using	a	microwave	and	foods	such	as	marshmallows	or	margarine:	if	the	turntable	is	removed	so	the	food	does	not	move,	it	will	cook	faster	at	antidotes	(where	the	wave	width	is	greatest),	where	it	will	begin	to	melt.	The	distance
between	two	points	is	half	the	wavelength	of	the	microwave;	by	measuring	this	distance	and	multiplying	the	wavelength	by	the	microwave	frequency	(usually	displayed	on	the	back	of	the	oven,	typically	2450	MHz),	you	can	calculate	the	value	of	c,	“often	with	an	error	of	less	than	5%”.[109][110]	Interferometry	An	interferometry	determines
interferometry	length	determination.	Left:	constructive	interference;	right:	destructive	interference.	Interferometry	is	another	method	of	finding	the	wavelength	of	electromagnetic	radiation	to	determine	the	speed	of	light.[Footnote	13]	A	coherent	beam	of	light	(e.g.	from	a	laser),	with	a	known	frequency	(f),	is	divided	into	two	paths	and	then
recombined.	The	wavelength	of	the	light	(Ã©Â”)	can	be	determined	by	adjusting	the	wavelength	of	the	light	signal,	observing	the	interference	pattern	and	accurately	measuring	the	change	in	the	wavelength	of	the	light	signal.	The	speed	of	light	is	then	calculated	with	the	equation	cÃ	̈	=Ã	̈	Ã	̈”f.	Prior	to	the	advent	of	laser	technology,	consistent	radio
sources	were	used	for	interferometric	measurements	of	the	speed	of	light.[112]	However,	the	interferometric	determination	of	wavelength	becomes	less	precise	with	wavelengths	and	wavelengths.	were	thus	precisely	limited	by	the	long	wavelength	(~4	mm	(0.16	in)	of	radio	waves.	Accuracy	can	be	improved	by	using	light	with	a	shorter	wavelength,
but	then	it	becomes	difficult	to	measure	the	light	frequency	directly.	One	way	around	this	problem	is	to	start	with	a	low	frequency	signal	whose	frequency	can	be	measured	accurately,	and	from	this	signal	gradually	synthesize	higher	frequency	signals	whose	frequency	can	be	connected	to	the	original	signal.	A	laser	can	then	be	blocked	at	the
frequency,	and	its	wavelength	can	be	determined	using	the	interferometry.[113]	This	technique	was	due	to	a	group	at	the	National	Bureau	of	Standards	(NBS)	(which	later	became	NIST).	[107]	rotation	error	of	19.5.5.5.5.5.5.5.5.5.5.5.5.5.5.5.5.5.5.5.5.5.5.5.5.5.5.5.5.5.5.5.	Evenson	et	al.,	laser	interferometry	299792.4562±0.0011[114]	error	of	0.006
ppm	1983	17	°	CGPM,	definition	of	the	meter	299792.458	(exact)[88]	The	first	recorded	examination	of	this	subject	was	in	ancient	Greece.	Ancient	Greeks,	Muslim	scholars	and	classical	European	scientists	have	discussed	this	long	until	Rømer	provided	the	first	calculation	of	the	speed	of	light.	Einstein's	Theory	of	Special	Relativity	concluded	that	the
speed	of	light	is	constant,	regardless	of	the	frame	of	reference.	Since	then,	scientists	have	provided	increasingly	accurate	measurements.	Empedocles	(C.	490–430	B.C.)	was	the	first	to	propose	a	theory	of	light[121]	and	stated	that	light	has	a	finite	speed.[122]	He	claimed	that	light	was	something	in	motion,	and	therefore	it	must	take	some	time	to
travel.	Aristotle	argued,	on	the	contrary,	that	"the	light	is	due	to	the	presence	of	something,	but	it	is	not	a	movement".	[123]	Euclide	and	Ptolemy	progress	the	emission	theory	of	Empedocle,	where	light	is	emitted	from	the	eye,	thus	allowing	the	view.	Based	on	this	theory,	Heron	of	Alexandria	argued	that	the	speed	of	light	must	be	infinite	because
distant	objects	like	stars	appear	immediately	after	opening	eyes.The	philosophers	initially	agreed	with	the	aristotelian	vision	that	light	had	no	travel	speed.	In	1021,	Alhazen	(Ibn	al-Haytham)	published	the	Book	of	Opticals,	in	which	he	presented	a	series	of	arguments	that	rejected	the	theory	of	vision	emissions	in	favor	of	the	theory	of	accepted
intromissions,	in	which	light	moves	from	an	object	to	the	eye.[125]	This	led	Alhazen	to	propose	that	light	should	have	a	finite	speed,[123][126][127][1]	He	argued	that	light	is	substantial	matter,	whose	propagation	takes	time,	although	this	is	hidden	from	our	senses.	[129]	Even	in	the	11th	century,	Abū	Rayhān	al-Bīrūnī	agreed	that	light	has	a	finite
speed,	and	observed	that	the	speed	of	light	is	much	faster	than	the	speed	of	sound.	[130]	In	the	13th	century,	Roger	Bacon	argued	that	the	speed	of	light	in	the	air	was	not	infinite,	using	philosophical	arguments	supported	by	the	writing	of	Alhazen	and	Aristotle.	[131]	[132]	In	1270,	Witelo	considered	the	possibility	of	a	light	traveling	at	infinite	speed
in	the	void,	but	slowed	down	in	the	densest	bodies.[133]	At	the	beginning	of	the	17th	century,	Johannes	Kepler	believed	that	the	speed	of	light	was	infinite	because	the	empty	space	has	no	obstacle.	René	Descartes	claimed	that	if	the	speed	of	light	had	to	be	over,	the	Sun,	the	Earth	and	the	Moon	would	be	greatly	out	of	alignment	during	a	lunar
eclipse.	As	such	misalignment	had	not	been	observed,	Descartes	concluded	that	the	speed	of	light	was	infinite.	Cartesio	speculated	that	if	the	speed	of	light	was	over,	his	whole	philosophy	system	could	be	demolished.	[123]	In	Cartesio's	derivation	of	Snell's	law,	he	assumed	that,	although	the	speed	of	light	was	instantaneous,	the	densest	was	the
medium,	the	speed	of	light	was	faster.	[134]	Pierre	de	Fermat	derived	the	law	of	Snell	using	the	opposite	hypothesis,	the	more	dense	the	medium	the	slower	light	traveled.	Fermat	also	supported	in	support	of	a	finite	speed	of	light.	[135]	The	first	attempts	to	measure	In	1629,	Isaac	Beeckman	proposed	an	experiment	in	which	a	person	observes	the
flash	of	a	cannon	reflecting	a	mirror	about	a	mile	(1.6	km)	away.	In	1638	Galileo	Galilei	proposed	an	experiment,	with	an	apparent	claim	to	have	performed	it	a	few	years	earlier,	to	measure	the	speed	of	light	observing	the	delay	between	discovering	a	lantern	and	its	perception	at	a	distance.	He	was	unable	to	distinguish	whether	the	light	journey	was
instantaneous	or	not,	but	concluded	that,	if	not,	it	had	to	be	extraordinarily	rapid.[115][116]	In	1667,	the	Accademia	del	Cimento	in	Florence	reported	that	he	had	performed	the	experiment	of	Galileo,	with	the	lanterns	separated	by	about	a	mile,	but	no	delay	was	observed.	The	actual	delay	in	this	experiment	would	have	been	about	11	microseconds.
Rømer's	observations	on	the	occultations	of	Io	from	Earth	The	first	estimateof	the	light	speed	was	made	in	1676	by	RÃ¸mer.	[89]	[90]	From	the	observation	that	the	IL	Jupiter's	leading	moon	seemed	to	be	shorter	when	the	land	was	approaching	Jupiter	and	when	he	fell	from	it,	he	concluded	that	the	light	travels	at	a	finished	speed	and	estimated	that	it
takes	light	22	minutes	to	cross	the	diameter	of	the	Earth	orbit.	Christiaan	Huygens	has	combined	this	estimate	with	an	estimate	for	the	diameter	of	the	terrestrial	orbit	to	obtain	an	estimate	of	the	speed	speed	of	220000	km	/	s,	26%	lower	than	the	real	value.	[119].	[119].	[119]	In	its	1704	Opticks	Book,	Isaac	Newton	reported	the	RÃƒÂ¸mer
calculations	of	the	finished	light	speed	and	gave	a	value	of	"seven	or	eight	minutes"	for	the	time	taken	for	the	light	to	travel	from	the	sun	on	the	sun	Earth	(modern	value	is	8Ã	¢	Ã	¢	Ã	¢	Ã	¢	Ã	¢	Ã	¢	minutes	19	seconds).	[136]	Newton	questioned	if	the	Eclipse	shadows	of	RÃƒÂ¸mer	were	colored;	Feel	that	they	were	not,	he	concluded	the	different	colors
traveled	at	the	same	speed.	In	1729,	James	Bradley	discovered	stellar	aberration.	[91]	From	this	effect	determined	that	the	light	must	travel	10210	times	faster	than	the	earth	in	its	orbit	(the	modern	figure	is	faster	than	10066	times	faster)	or,	equivalent,	which	would	take	light	8	minutes	to	travel	from	Sun	on	the	ground.	[91]	Connections	with
Electromagnetism	See	also:	History	of	electromagnetic	theory	and	the	history	of	special	relativity	In	the	nineteenth	century	Ippolito	Fitteau	has	developed	a	method	to	determine	the	speed	of	light	based	on	Flight	time	measures	on	Earth	and	reported	a	value	of	315000	km	/	s.	[137]	Its	method	has	been	improved	by	LÃƒ	©	Foucault	which	obtained	a
value	of	298000	km	/	s	in	1862.	[100]	In	the	year	1856,	Wilhelm	Eduard	Weber	and	Rudolf	Kohlrausch	measured	the	relationship	between	the	Electromagnetic	and	electrostatic	charge	units,	1	/	Ã	¢	Å¡Ã®î¼0î	±	0,	downloading	a	jar	of	Leyden	and	found	that	its	numeric	value	was	very	close	to	the	speed	of	light	as	measured	directly	by	Fitteau.	The
following	year	GUSTAV	Kirchhoff	has	calculated	that	an	electrical	signal	in	a	resistant	wire	travels	along	the	wire	to	this	speed.	[138]	In	the	early	1860s,	Maxwell	showed	that,	according	to	the	theory	of	electromagnetism	he	was	working,	electromagnetic	waves	are	propagated	in	the	empty	space	[139]	[140]	[141]	at	a	speed	equal	to	the
aforementioned	WEBER	report	/	Kohlrausch	and	attract	attention	to	the	numerical	proximity	of	this	value	at	the	speed	of	the	light	measured	by	Fitteau,	proposed	that	the	light	is	in	fact	an	electromagnetic	wave	[142].	"Ether	Luminifer"	Hendrik	Lorentz	(right)	with	Albert	Einstein	was	designed	at	the	moment	when	empty	space	was	full	of	a
background	means	called	ether	luminiferous	in	which	the	electromagnetic	field	existed.	Some	physicists	thought	that	this	ether	has	acted	as	a	preferred	reference	frame	for	light	propagation	and	therefore	it	should	be	possible	to	measure	the	movement	of	the	earth	compared	to	this	measuring	the	isotropy	of	the	speed	of	light.	Since	1880	several
experiments	have	been	carried	out	to	try	to	detect	this	movement,	the	most	famous	of	which	is	the	experiment	carried	out	by	A.	Michelson	and	Edward	W.	Morley	in	1887.	The	motion	detected	was	always	lower	than	the	observative	error.	Modern	experiments	indicate	that	the	bidirectional	speed	of	light	is	isotropic	(the	same	in	all	directions)	up	to	6
nanometers	per	second.[145]	Hendrik	Lorentz	hypothesized	that	the	motion	of	the	device	through	the	ether	could	cause	a	contraction	of	the	device	along	its	length	in	the	direction	of	the	motion,	and	also	hypothesized	that	the	temporal	variable	of	the	mobile	systems	should	be	modified	accordingly	(local	time).	Based	on	Lorentz's	ether	theory,	Henri
PoincarÃ©	(1900)	shows	that	the	local	time	(at	the	first	order	in	v/c)	is	indicated	by	clocks	moving	in	the	ether,	synchronized	with	the	hypothesis	of	constant	speed	of	light.	In	1904	he	hypothesized	that	the	speed	of	light	could	be	a	limiting	speed	in	dynamics,	provided	that	the	theories	of	Lorentz's	theory	were	all	confirmed.	In	1905,	PoincarÃ©
brought	the	theory	of	the	ether	of	Lorentz	in	full	harmony	with	the	principle	of	relativity.[146][147]	In	1905	Einstein	postuled	from	the	beginning	that	the	speed	of	light	in	the	vacuum,	measured	by	a	non-accelerator	observer,	is	independent	from	the	motion	of	the	source	or	the	observer.	Starting	from	this	and	from	the	principle	of	relativity,	he	derived
the	theory	of	special	relativity,	in	which	the	speed	of	light	in	the	void	represented	a	fundamental	constant,	appearing	also	in	contexts	outside	the	light.	This	made	the	concept	of	stationary	ether	useless	(to	which	Lorentz	and	PoincarÃ©	were	still	joined)	and	revolutionized	the	concepts	of	space	and	time.[148][149]	History	of	the	subway	In	the	second
half	of	the	20th	century,	progress	was	made	in	the	accuracy	of	measurements.	of	the	speed	of	light,	first	with	resonance	techniques	in	cavities	and	then	with	laser	interferometer	techniques.	These	were	helped	by	new	and	more	precise	metro	and	second	definitions.	In	1950,	Louis	Essen	determined	the	speed	at	299	792.5	±3,0	Â	km/s,	using	the	cavity
resonance.[108]	This	value	was	adopted	by	the	12th	General	Assembly	of	the	Radio-Scientification	Union	in	1957.	In	1960,	the	subway	was	redefined	in	terms	of	wavelength	of	a	particular	spectral	line	of	krypton-86	and,	in	1967,	the	second	was	redefined	in	terms	of	hyperfine	transition	frequency	of	the	fundamental	state	of	cesio-133.[150]	In	1972,
using	the	interferometer	laser	method	and	new	definitions,	a	group	of	the	US	National	Bureau	of	Standards	in	Boulder,	Colorado	determined	the	speed	of	light	in	the	vacuum	at	cÂ	=Â	299	792	456.2Â±1.1Â	m/s.	This	value	was	100	times	less	uncertain	than	the	previously	accepted	value.	The	remaining	uncertainty	mainly	concerned	the	definition	of
the	meter.[NoteSince	similar	experiments	have	found	comparable	results	for	c,	the	15th	General	Conference	on	Weights	and	Measures	ofrecommended	using	the	value	299	792	458	m/s	for	the	speed	of	light.	[153]	Definition	of	the	speed	of	light	as	an	explicit	constant	in	1983,	the	17th	meeting	of	the	General	Conference	on	Weights	and	Measures
(GFCM)	noted	that	wavelengths	from	frequency	measurements	and	a	certain	value	for	the	speed	of	light	are	more	reproducible	than	the	previous	standard.	They	kept	the	1967	second	definition,	so	the	cesium	hyperfine	frequency	would	now	determine	both	the	second	and	the	counter.	To	do	this,	they	redefined	the	counter	as:	“The	meter	is	the	length
of	the	path	traveled	by	light	in	the	vacuum	during	a	time	interval	of	1/299	792	458	of	a	second.”	[88]	As	a	result	of	this	definition,	the	value	of	the	velocity	of	light	in	vacuum	is	exactly	299	792	458	m/s	[154]	[155]	and	has	become	a	constant	defined	in	the	SI	system	of	units.	[13]	Best	experimental	techniques	that,	before	1983,	would	have	measured
the	velocity	of	light	no	longer	affect	the	velocity	of	light.	known	value	of	the	speed	of	light	in	SI	units,	but	allows	a	more	precise	realization	of	the	counter	by	measuring	more	accurately	the	wavelength	of	Krypton	86	and	other	light	sources.	[156]	[157]	In	2011,	the	GFCM	declared	its	intention	to	redefine	all	seven	SI	base	units	using	what	it	calls	“the
explicit	constant	formulation”,	in	which	each	“unit	is	indirectly	defined	by	explicitly	specifying	an	exact	value	for	a	well-recognised	fundamental	constant”,	as	was	done	for	the	speed	of	light.	He	proposed	a	new,	but	completely	equivalent,	formulation	of	the	definition	of	the	counter:	“The	meter,	the	symbol	m,	is	the	unit	of	length;	its	size	is	set	by
setting	the	numerical	value	of	the	speed	of	light	in	vacuum	to	be	equal	to	299	792	458	When	it	is	expressed	in	the	unit	SI	m	sÃ¢’1.	“[158]	This	was	one	of	the	changes	that	was	incorporated	into	the	2019	redefinition	of	the	SI	base	units,	it	also	defined	the	new	SI.	See	also	PORTAL	ASTRONOMY	PORTAL	PORTAL	OUTER	SPACE	PORTAL	PORTAL-
Second	velocity	of	electricity	Speed	of	gravity	Speed	of	velocity	factor	of	sound	factor	Warp	factor	(fictitious)	Notes	^	Exact	value:	(299	792	458	Ã	-	60	Ã	-	24/149	597	870	700)	AU	/	DAY	^	Exact	value:	(999	992	651Ã	̄	â	̈¬	/	102	464	297	â	̈¬	/	10	246	429	500)	PC	/	y	^	ab	The	speed	of	light	in	imperial	units	and	units	USA	is	based	on	an	inch	exactly	2.54
cm	and	is	exactly	299	792	458	m/s	Ã-	100	cm/m	Ã£-	1/2.54	in/cm	which	is	about	186	282	miles,	698	meters,	2	feet	and	5	inches	per	second.	^	Which	is	in	turn	defined	to	be	the	time	period	occupied	by	9	192	631	770.	cycles	of	radiation	emitted	by	a	caesium-133	atom	in	a	transition	between	two	specified	energy	states.	[2]	^	However,	the	frequency	of
light	may	depend	on	the	motion	of	the	source	relative	to	the	observer,	due	to	the	effect	^	See	Michelson	-	Morley	Experiment	and	KennedyÃ	¢	â,¬	"ThornDike	experiment,	for	example.	^	While	moving	objects	are	measured	to	be	shorter	along	the	relative	movement	line,	they	are	also	seen	as	rotated.	This	effect,	known	as	rotation	of	Terrell,	it	is	due
to	the	different	moments	that	light	from	different	parts	of	the	object	requires	The	observer.	[22]	[23]	^	The	interpretation	of	the	observations	on	the	binary	systems	used	to	determine	the	velocity	of	gravity	is	considered	doubtful	by	some	authors,	leaving	the	experimental	situation	uncertain.	[26]	^	The	Scharnhorst	effect	is	thought	to	allow	signals	to
travel	slightly	faster	than	C,	but	the	special	conditions	under	which	this	effect	can	occur	prevent	one	of	using	this	effect	from	violating	causality.	[38]	^	A	typical	value	for	the	refractive	index	of	the	optical	fiber	is	between	1.518	and	1.538.	[75]	^	The	astronomical	unit	has	been	defined	as	the	radius	of	an	undisturbed	circular	Newtonian	orbit	on	the
sun	of	a	particle	with	infinitesimal	mass,	moving	at	an	angular	frequency	of	0.01	720	209	895	radians	(about	1365.256	898	of	a	revolution)	per	day.	[95]	^	However,	at	this	level	of	precision,	the	effects	of	general	relativity	must	be	taken	into	account	when	interpreting	length.	The	meter	is	considered	a	unit	of	correct	length,	while	the	AU	is	usually
used	as	the	unit	of	length	observed	in	a	given	reference	frame.	The	values	quoted	here	follow	the	second	convention	and	are	compatible	with	TDB.	[97]	^	A	detailed	discussion	of	the	interferometer	and	its	use	to	determine	the	speed	of	light	can	be	found	in	Vaughan	(1989).	[111].	^	According	to	Galileo,	the	lanterns	he	used	were	“a	short	distance,
less	than	a	mile.”	Assuming	that	the	distance	was	not	too	much	shorter	than	a	mile,	and	that	“about	one-thirtieth	of	a	second	is	the	minimum	interval	of	time	distinguishable	by	the	unaided	eye”,	Boyer	notes	that	Galileo’s	experiment	could	best	be	said	for	setting	a	lower	limit	of	about	60	miles	per	second	for	the	speed	of	light.	^	Between	1960	and
1983	the	meter	was	defined	as:	“The	meter	is	the	length	equal	to	1	650	763.73	wavelengths	in	the	vacuum	of	radiation	corresponding	to	the	transition	between	the	2P10	and	5D5	levels	of	the	Krypton	86	atom.”	[151]	It	was	discovered	in	the	1970s	that	this	spectral	line	was	not	symmetrical,	which	put	a	limit	on	the	precision	with	which	the	definition
could	be	achieved	in	interferometric	experiments	[152]	References	^	Larson,	Ron;	Hostetler,	Robert	P.	(2007).	Elementary	and	Intermediate	Algebra:	a	combined	course,	student	support	edition	(4	Â°	illustrated	and	ed.).	Learning	Cengage.	P.	197.	ISBN	978-0-618-75	354-3.	^	“Base	unit	definitions:	second”.	physics.nist.gov.	Retrieved	April	7,	2018.	^
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