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Hours:	Tips	Hours	August	2023	So	far,	I've	been	very	impressed	with	the	experience.	Staff	is	pleasant,	easy	to	work	with.	My	Therapist,	Amelia	has	really	pinpointed	my	problems	and	we	are	working	to	improve	week	by	week!	June	2023	They	were	prescribed	by	my	ortho	dr	to	help	correct	a	sciatic	nerve	pinch	or	injury	that	was	very	painful.	These
folks,	Scott	and	staff,	are	exceptional.	They	got	right	to	the	cause	and	corrective/strengthening	exercises	and	now	I	am	pain	free.	Highly	recommend.	May	2023	Everyone	is	so	friendly	here	and	non	judgmental.	They	go	out	of	their	way	to	make	sure	you	are	comfortable.	They	do	not	push	you	to	do	more	than	you	are	comfortable	with.	I	would
recommend	them	to	anyone	I	know!	More	Comments(24)	From	STAR	Physical	Therapy	STAR	Physical	Therapy	was	founded	in	1997	with	one	clinic	and	one	mission	-	To	Serve	You.	Today,	we	have	grown	to	serve	Tennessee	with	over	60	outpatient	physical	therapy	centers.	We	provide	world-	class,	hands	on	physical	therapy,	sports	medicine,	and
industrial	rehabilitation	in	the	convenience	of	your	hometown.	Our	industry	leading	clinician	education	program	ensures	that	your	physical	therapy	experience	will	be	exceptional.	Rest	assured	that,	when	you	choose	STAR	Physical	Therapy,	you	will	be	treated	by	a	"Great	mechanic	of	the	human	body"	You	May	Also	Like	Large	self-illuminated	object	in
spaceThis	article	is	about	the	astronomical	object.	For	other	uses,	see	Star	(disambiguation)	and	Stars	(disambiguation).The	Sun,	a	G-type	main-sequence	star,	the	closest	to	EarthA	star-forming	region	in	the	Large	Magellanic	CloudA	star	is	a	luminous	spheroid	of	plasma	held	together	by	self-gravity.[1]	The	nearest	star	to	Earth	is	the	Sun.	Many	other
stars	are	visible	to	the	naked	eye	at	night;	their	immense	distances	from	Earth	make	them	appear	as	fixed	points	of	light.	The	most	prominent	stars	have	been	categorised	into	constellations	and	asterisms,	and	many	of	the	brightest	stars	have	proper	names.	Astronomers	have	assembled	star	catalogues	that	identify	the	known	stars	and	provide
standardized	stellar	designations.	The	observable	universe	contains	an	estimated	1022	to	1024	stars.	Only	about	4,000	of	these	stars	are	visible	to	the	naked	eyeall	within	the	Milky	Way	galaxy.[2]A	star's	life	begins	with	the	gravitational	collapse	of	a	gaseous	nebula	of	material	largely	comprising	hydrogen,	helium,	and	traces	of	heavier	elements.	Its
total	mass	mainly	determines	its	evolution	and	eventual	fate.	A	star	shines	for	most	of	its	active	life	due	to	the	thermonuclear	fusion	of	hydrogen	into	helium	in	its	core.	This	process	releases	energy	that	traverses	the	star's	interior	and	radiates	into	outer	space.	At	the	end	of	a	star's	lifetime,	fusion	ceases	and	its	core	becomes	a	stellar	remnant:	a	white
dwarf,	a	neutron	star,	orif	it	is	sufficiently	massivea	black	hole.Stellar	nucleosynthesis	in	stars	or	their	remnants	creates	almost	all	naturally	occurring	chemical	elements	heavier	than	lithium.	Stellar	mass	loss	or	supernova	explosions	return	chemically	enriched	material	to	the	interstellar	medium.	These	elements	are	then	recycled	into	new	stars.
Astronomers	can	determine	stellar	propertiesincluding	mass,	age,	metallicity	(chemical	composition),	variability,	distance,	and	motion	through	spaceby	carrying	out	observations	of	a	star's	apparent	brightness,	spectrum,	and	changes	in	its	position	in	the	sky	over	time.Stars	can	form	orbital	systems	with	other	astronomical	objects,	as	in	planetary
systems	and	star	systems	with	two	or	more	stars.	When	two	such	stars	orbit	closely,	their	gravitational	interaction	can	significantly	impact	their	evolution.	Stars	can	form	part	of	a	much	larger	gravitationally	bound	structure,	such	as	a	star	cluster	or	a	galaxy.The	English	word	star	ultimately	derives	from	the	Proto-Indo-European	root	*hstr,	also
meaning	'star'	which	is	further	analyzable	as	*hehs-	'to	burn'	(also	the	source	of	the	word	ash)	+	*-tr	(the	agentive	suffix).	Its	cognates	in	other	languages	include	Latin	stella,	Greek	aster,	and	German	Stern;[3]	further	cognates	in	English	include	asterisk,	asteroid,	astral,	constellation,	and	Esther.[4]See	also:	Stars	in	astrologyA	1690	depiction	of	the
constellation	of	Leo	the	lion	by	Johannes	Hevelius.[5]Historically,	stars	have	been	important	to	civilizations	throughout	the	world.	They	have	been	part	of	religious	practices,	divination	rituals,	mythology,	used	for	celestial	navigation	and	orientation,	to	mark	the	passage	of	seasons,	and	to	define	calendars.Early	astronomers	recognized	a	difference
between	"fixed	stars",	whose	position	on	the	celestial	sphere	does	not	change,	and	"wandering	stars"	(planets),	which	move	noticeably	relative	to	the	fixed	stars	over	days	or	weeks.[6]	Many	ancient	astronomers	believed	that	the	stars	were	permanently	affixed	to	a	heavenly	sphere	and	that	they	were	immutable.	By	convention,	astronomers	grouped
prominent	stars	into	asterisms	and	constellations	and	used	them	to	track	the	motions	of	the	planets	and	the	inferred	position	of	the	Sun.[7]	The	motion	of	the	Sun	against	the	background	stars	(and	the	horizon)	was	used	to	create	calendars,	which	could	be	used	to	regulate	agricultural	practices.[8]	The	Gregorian	calendar,	currently	used	nearly
everywhere	in	the	world,	is	a	solar	calendar	based	on	the	angle	of	the	Earth's	rotational	axis	relative	to	its	local	star,	the	Sun.The	oldest	accurately	dated	star	chart	was	the	result	of	ancient	Egyptian	astronomy	in	1534BC.[9]	The	earliest	known	star	catalogues	were	compiled	by	the	ancient	Babylonian	astronomers	of	Mesopotamia	in	the	late	2nd
millennium	BC,	during	the	Kassite	Period	(c.1531	BC	c.1155	BC).[10]Stars	in	the	night	skyThe	first	star	catalogue	in	Greek	astronomy	was	created	by	Aristillus	in	approximately	300BC,	with	the	help	of	Timocharis.[11]	The	star	catalog	of	Hipparchus	(2nd	century	BC)	included	1,020	stars,	and	was	used	to	assemble	Ptolemy's	star	catalogue.[12]
Hipparchus	is	known	for	the	discovery	of	the	first	recorded	nova	(new	star).[13]	Many	of	the	constellations	and	star	names	in	use	today	derive	from	Greek	astronomy.Despite	the	apparent	immutability	of	the	heavens,	Chinese	astronomers	were	aware	that	new	stars	could	appear.[14]	In	185AD,	they	were	the	first	to	observe	and	write	about	a
supernova,	now	known	as	SN	185.[15]	The	brightest	stellar	event	in	recorded	history	was	the	SN	1006	supernova,	which	was	observed	in	1006	and	written	about	by	the	Egyptian	astronomer	Ali	ibn	Ridwan	and	several	Chinese	astronomers.[16]	The	SN	1054	supernova,	which	gave	birth	to	the	Crab	Nebula,	was	also	observed	by	Chinese	and	Islamic
astronomers.[17][18][19]Medieval	Islamic	astronomers	gave	Arabic	names	to	many	stars	that	are	still	used	today	and	they	invented	numerous	astronomical	instruments	that	could	compute	the	positions	of	the	stars.	They	built	the	first	large	observatory	research	institutes,	mainly	to	produce	Zij	star	catalogues.[20]	Among	these,	the	Book	of	Fixed	Stars
(964)	was	written	by	the	Persian	astronomer	Abd	al-Rahman	al-Sufi,	who	observed	a	number	of	stars,	star	clusters	(including	the	Omicron	Velorum	and	Brocchi's	Clusters)	and	galaxies	(including	the	Andromeda	Galaxy).[21]	According	to	A.	Zahoor,	in	the	11th	century,	the	Persian	polymath	scholar	Abu	Rayhan	Biruni	described	the	Milky	Way	galaxy
as	a	multitude	of	fragments	having	the	properties	of	nebulous	stars,	and	gave	the	latitudes	of	various	stars	during	a	lunar	eclipse	in	1019.[22]According	to	Josep	Puig,	the	Andalusian	astronomer	Ibn	Bajjah	proposed	that	the	Milky	Way	was	made	up	of	many	stars	that	almost	touched	one	another	and	appeared	to	be	a	continuous	image	due	to	the	effect
of	refraction	from	sublunary	material,	citing	his	observation	of	the	conjunction	of	Jupiter	and	Mars	on	500	AH	(1106/1107AD)	as	evidence.[23]	Early	European	astronomers	such	as	Tycho	Brahe	identified	new	stars	in	the	night	sky	(later	termed	novae),	suggesting	that	the	heavens	were	not	immutable.	In	1584,	Giordano	Bruno	suggested	that	the	stars
were	like	the	Sun,	and	may	have	other	planets,	possibly	even	Earth-like,	in	orbit	around	them,[24]	an	idea	that	had	been	suggested	earlier	by	the	ancient	Greek	philosophers,	Democritus	and	Epicurus,[25]	and	by	medieval	Islamic	cosmologists[26]	such	as	Fakhr	al-Din	al-Razi.[27]	By	the	following	century,	the	idea	of	the	stars	being	the	same	as	the
Sun	was	reaching	a	consensus	among	astronomers.	To	explain	why	these	stars	exerted	no	net	gravitational	pull	on	the	Solar	System,	Isaac	Newton	suggested	that	the	stars	were	equally	distributed	in	every	direction,	an	idea	prompted	by	the	theologian	Richard	Bentley.[28]The	Italian	astronomer	Geminiano	Montanari	recorded	observing	variations	in
luminosity	of	the	star	Algol	in	1667.	Edmond	Halley	published	the	first	measurements	of	the	proper	motion	of	a	pair	of	nearby	"fixed"	stars,	demonstrating	that	they	had	changed	positions	since	the	time	of	the	ancient	Greek	astronomers	Ptolemy	and	Hipparchus.[24]William	Herschel	was	the	first	astronomer	to	attempt	to	determine	the	distribution	of
stars	in	the	sky.	During	the	1780s,	he	established	a	series	of	gauges	in	600	directions	and	counted	the	stars	observed	along	each	line	of	sight.	From	this,	he	deduced	that	the	number	of	stars	steadily	increased	toward	one	side	of	the	sky,	in	the	direction	of	the	Milky	Way	core.	His	son	John	Herschel	repeated	this	study	in	the	southern	hemisphere	and
found	a	corresponding	increase	in	the	same	direction.[29]	In	addition	to	his	other	accomplishments,	William	Herschel	is	noted	for	his	discovery	that	some	stars	do	not	merely	lie	along	the	same	line	of	sight,	but	are	physical	companions	that	form	binary	star	systems.[30]The	science	of	stellar	spectroscopy	was	pioneered	by	Joseph	von	Fraunhofer	and
Angelo	Secchi.	By	comparing	the	spectra	of	stars	such	as	Sirius	to	the	Sun,	they	found	differences	in	the	strength	and	number	of	their	absorption	linesthe	dark	lines	in	stellar	spectra	caused	by	the	atmosphere's	absorption	of	specific	frequencies.	In	1865,	Secchi	began	classifying	stars	into	spectral	types.[31]	The	modern	version	of	the	stellar
classification	scheme	was	developed	by	Annie	J.	Cannon	during	the	early	1900s.[32]The	first	direct	measurement	of	the	distance	to	a	star	(61	Cygni	at	11.4	light-years)	was	made	in	1838	by	Friedrich	Bessel	using	the	parallax	technique.	Parallax	measurements	demonstrated	the	vast	separation	of	the	stars	in	the	heavens.[24]	Observation	of	double
stars	gained	increasing	importance	during	the	19th	century.	In	1834,	Friedrich	Bessel	observed	changes	in	the	proper	motion	of	the	star	Sirius	and	inferred	a	hidden	companion.	Edward	Pickering	discovered	the	first	spectroscopic	binary	in	1899	when	he	observed	the	periodic	splitting	of	the	spectral	lines	of	the	star	Mizar	in	a	104-day	period.
Detailed	observations	of	many	binary	star	systems	were	collected	by	astronomers	such	as	Friedrich	Georg	Wilhelm	von	Struve	and	S.	W.	Burnham,	allowing	the	masses	of	stars	to	be	determined	from	computation	of	orbital	elements.	The	first	solution	to	the	problem	of	deriving	an	orbit	of	binary	stars	from	telescope	observations	was	made	by	Felix
Savary	in	1827.[33]The	twentieth	century	saw	increasingly	rapid	advances	in	the	scientific	study	of	stars.	The	photograph	became	a	valuable	astronomical	tool.	Karl	Schwarzschild	discovered	that	the	color	of	a	star	and,	hence,	its	temperature,	could	be	determined	by	comparing	the	visual	magnitude	against	the	photographic	magnitude.	The
development	of	the	photoelectric	photometer	allowed	precise	measurements	of	magnitude	at	multiple	wavelength	intervals.	In	1921	Albert	A.	Michelson	made	the	first	measurements	of	a	stellar	diameter	using	an	interferometer	on	the	Hooker	telescope	at	Mount	Wilson	Observatory.[34]Important	theoretical	work	on	the	physical	structure	of	stars
occurred	during	the	first	decades	of	the	twentieth	century.	In	1913,	the	Hertzsprung-Russell	diagram	was	developed,	propelling	the	astrophysical	study	of	stars.	Successful	models	were	developed	to	explain	the	interiors	of	stars	and	stellar	evolution.	Cecilia	Payne-Gaposchkin	first	proposed	that	stars	were	made	primarily	of	hydrogen	and	helium	in
her	1925	PhD	thesis.[35]	The	spectra	of	stars	were	further	understood	through	advances	in	quantum	physics.	This	allowed	the	chemical	composition	of	the	stellar	atmosphere	to	be	determined.[36]Spitzer	Space	Telescope	infrared	image	showing	a	multitude	of	stars	in	the	Milky	Way	galaxyWith	the	exception	of	rare	events	such	as	supernovae	and
supernova	impostors,	individual	stars	have	primarily	been	observed	in	the	Local	Group,[37]	and	especially	in	the	visible	part	of	the	Milky	Way	(as	demonstrated	by	the	detailed	star	catalogues	available	for	the	Milky	Way	galaxy)	and	its	satellites.[38]	Individual	stars	such	as	Cepheid	variables	have	been	observed	in	the	M87[39]	and	M100	galaxies	of
the	Virgo	Cluster,[40]	as	well	as	luminous	stars	in	some	other	relatively	nearby	galaxies.[41]	With	the	aid	of	gravitational	lensing,	a	single	star	(named	Icarus)	has	been	observed	at	9billion	light-years	away.[42][43]Main	articles:	Stellar	designation,	Astronomical	naming	conventions,	and	Star	catalogueThe	concept	of	a	constellation	was	known	to	exist
during	the	Babylonian	period.	Ancient	sky	watchers	imagined	that	prominent	arrangements	of	stars	formed	patterns,	and	they	associated	these	with	particular	aspects	of	nature	or	their	myths.	Twelve	of	these	formations	lay	along	the	band	of	the	ecliptic	and	these	became	the	basis	of	astrology.[44]	Many	of	the	more	prominent	individual	stars	were
given	names,	particularly	with	Arabic	or	Latin	designations.As	well	as	certain	constellations	and	the	Sun	itself,	individual	stars	have	their	own	myths.[45]	To	the	Ancient	Greeks,	some	"stars",	known	as	planets	(Greek	(plants),	meaning	"wanderer"),	represented	various	important	deities,	from	which	the	names	of	the	planets	Mercury,	Venus,	Mars,
Jupiter	and	Saturn	were	taken.[45]	(Uranus	and	Neptune	were	Greek	and	Roman	gods,	but	neither	planet	was	known	in	Antiquity	because	of	their	low	brightness.	Their	names	were	assigned	by	later	astronomers.)Circa	1600,	the	names	of	the	constellations	were	used	to	name	the	stars	in	the	corresponding	regions	of	the	sky.	The	German	astronomer
Johann	Bayer	created	a	series	of	star	maps	and	applied	Greek	letters	as	designations	to	the	stars	in	each	constellation.	Later	a	numbering	system	based	on	the	star's	right	ascension	was	invented	and	added	to	John	Flamsteed's	star	catalogue	in	his	book	"Historia	coelestis	Britannica"	(the	1712	edition),	whereby	this	numbering	system	came	to	be
called	Flamsteed	designation	or	Flamsteed	numbering.[46][47]The	internationally	recognized	authority	for	naming	celestial	bodies	is	the	International	Astronomical	Union	(IAU).[48]	The	International	Astronomical	Union	maintains	the	Working	Group	on	Star	Names	(WGSN)[49]	which	catalogs	and	standardizes	proper	names	for	stars.[50]	A	number
of	private	companies	sell	names	of	stars	which	are	not	recognized	by	the	IAU,	professional	astronomers,	or	the	amateur	astronomy	community.[51]	The	British	Library	calls	this	an	unregulated	commercial	enterprise,[52][53]	and	the	New	York	City	Department	of	Consumer	and	Worker	Protection	issued	a	violation	against	one	such	star-naming
company	for	engaging	in	a	deceptive	trade	practice.[54][55]Although	stellar	parameters	can	be	expressed	in	SI	units	or	Gaussian	units,	it	is	often	most	convenient	to	express	mass,	luminosity,	and	radii	in	solar	units,	based	on	the	characteristics	of	the	Sun.	In	2015,	the	IAU	defined	a	set	of	nominal	solar	values	(defined	as	SI	constants,	without
uncertainties)	which	can	be	used	for	quoting	stellar	parameters:nominal	solar	luminosityL	=	3.8281026W[56]nominal	solar	radiusR	=	6.957108m[56]The	solar	mass	M	was	not	explicitly	defined	by	the	IAU	due	to	the	large	relative	uncertainty	(104)	of	the	Newtonian	constant	of	gravitation	G.	Since	the	product	of	the	Newtonian	constant	of	gravitation
and	solar	masstogether	(GM)	has	been	determined	to	much	greater	precision,	the	IAU	defined	the	nominal	solar	mass	parameter	to	be:nominal	solar	mass	parameter:GM	=	1.32712441020m3/s2[56]The	nominal	solar	mass	parameter	can	be	combined	with	the	most	recent	(2014)	CODATA	estimate	of	the	Newtonian	constant	of	gravitation	G	to	derive
the	solar	mass	to	be	approximately	1.98851030kg.	Although	the	exact	values	for	the	luminosity,	radius,	mass	parameter,	and	mass	may	vary	slightly	in	the	future	due	to	observational	uncertainties,	the	2015	IAU	nominal	constants	will	remain	the	same	SI	values	as	they	remain	useful	measures	for	quoting	stellar	parameters.Large	lengths,	such	as	the
radius	of	a	giant	star	or	the	semi-major	axis	of	a	binary	star	system,	are	often	expressed	in	terms	of	the	astronomical	unitapproximately	equal	to	the	mean	distance	between	the	Earth	and	the	Sun	(150million	km	or	approximately	93million	miles).	In	2012,	the	IAU	defined	the	astronomical	constant	to	be	an	exact	length	in	meters:	149,597,870,700	m.
[56]Main	article:	Stellar	evolutionStellar	evolution	of	low-mass	(left	cycle)	and	high-mass	(right	cycle)	stars,	with	examples	in	italicsSize	comparison	(radius	and	mass)	of	a	red	dwarf,	the	Sun,	a	supermassive	blue	supergiant,	and	a	red	giantStars	condense	from	regions	of	space	of	higher	matter	density,	yet	those	regions	are	less	dense	than	within	a
vacuum	chamber.	These	regionsknown	as	molecular	cloudsconsist	mostly	of	hydrogen,	with	about	23	to	28	percent	helium	and	a	few	percent	heavier	elements.	One	example	of	such	a	star-forming	region	is	the	Orion	Nebula.[57]	Most	stars	form	in	groups	of	dozens	to	hundreds	of	thousands	of	stars.[58]	Massive	stars	in	these	groups	may	powerfully
illuminate	those	clouds,	ionizing	the	hydrogen,	and	creating	H	II	regions.	Such	feedback	effects,	from	star	formation,	may	ultimately	disrupt	the	cloud	and	prevent	further	star	formation.[59]All	stars	spend	the	majority	of	their	existence	as	main-sequence	stars,	fueled	primarily	by	the	nuclear	fusion	of	hydrogen	into	helium	within	their	cores.	However,
stars	of	different	masses	have	markedly	different	properties	at	various	stages	of	their	development.	The	ultimate	fate	of	more	massive	stars	differs	from	that	of	less	massive	stars,	as	do	their	luminosities	and	the	impact	they	have	on	their	environment.	Accordingly,	astronomers	often	group	stars	by	their	mass:[60]Very	low	mass	stars,	with	masses
below	0.5M,	are	fully	convective	and	distribute	helium	evenly	throughout	the	whole	star	while	on	the	main	sequence.	Therefore,	they	never	undergo	shell	burning	and	never	become	red	giants.	After	exhausting	their	hydrogen	they	become	helium	white	dwarfs	and	slowly	cool.[61]	As	the	lifetime	of	0.5M	stars	is	longer	than	the	age	of	the	universe,	no
such	star	has	yet	reached	the	white	dwarf	stage.Low	mass	stars	(including	the	Sun),	with	a	mass	between	0.5M	and	~2.25M	depending	on	composition,	do	become	red	giants	as	their	core	hydrogen	is	depleted	and	they	begin	to	burn	helium	in	core	in	a	helium	flash;	they	develop	a	degenerate	carbon-oxygen	core	later	on	the	asymptotic	giant	branch;
they	finally	blow	off	their	outer	shell	as	a	planetary	nebula	and	leave	behind	their	core	in	the	form	of	a	white	dwarf.[62][63]Intermediate-mass	stars,	between	~2.25M	and	~8M,	pass	through	evolutionary	stages	similar	to	low	mass	stars,	but	after	a	relatively	short	period	on	the	red-giant	branch	they	ignite	helium	without	a	flash	and	spend	an	extended
period	in	the	red	clump	before	forming	a	degenerate	carbon-oxygen	core.[62][63]Massive	stars	generally	have	a	minimum	mass	of	~8M.[64]	After	exhausting	the	hydrogen	at	the	core	these	stars	become	supergiants	and	go	on	to	fuse	elements	heavier	than	helium.	Many	end	their	lives	when	their	cores	collapse	and	they	explode	as	supernovae.[62]
[65]Main	article:	Star	formationArtist's	conception	of	the	birth	of	a	star	within	a	dense	molecular	cloudA	cluster	of	approximately	500	young	stars	lies	within	the	nearby	W40	stellar	nursery.The	formation	of	a	star	begins	with	gravitational	instability	within	a	molecular	cloud,	caused	by	regions	of	higher	densityoften	triggered	by	compression	of	clouds
by	radiation	from	massive	stars,	expanding	bubbles	in	the	interstellar	medium,	the	collision	of	different	molecular	clouds,	or	the	collision	of	galaxies	(as	in	a	starburst	galaxy).[66][67]	When	a	region	reaches	a	sufficient	density	of	matter	to	satisfy	the	criteria	for	Jeans	instability,	it	begins	to	collapse	under	its	own	gravitational	force.[68]As	the	cloud
collapses,	individual	conglomerations	of	dense	dust	and	gas	form	"Bok	globules".	As	a	globule	collapses	and	the	density	increases,	the	gravitational	energy	converts	into	heat	and	the	temperature	rises.	When	the	protostellar	cloud	has	approximately	reached	the	stable	condition	of	hydrostatic	equilibrium,	a	protostar	forms	at	the	core.[69]	These	pre-
main-sequence	stars	are	often	surrounded	by	a	protoplanetary	disk	and	powered	mainly	by	the	conversion	of	gravitational	energy.	The	period	of	gravitational	contraction	lasts	about	10million	years	for	a	star	like	the	sun,	up	to	100million	years	for	a	red	dwarf.[70]Early	stars	of	less	than	2M	are	called	T	Tauri	stars,	while	those	with	greater	mass	are
Herbig	Ae/Be	stars.	These	newly	formed	stars	emit	jets	of	gas	along	their	axis	of	rotation,	which	may	reduce	the	angular	momentum	of	the	collapsing	star	and	result	in	small	patches	of	nebulosity	known	as	HerbigHaro	objects.[71][72]These	jets,	in	combination	with	radiation	from	nearby	massive	stars,	may	help	to	drive	away	the	surrounding	cloud
from	which	the	star	was	formed.[73]Early	in	their	development,	T	Tauri	stars	follow	the	Hayashi	trackthey	contract	and	decrease	in	luminosity	while	remaining	at	roughly	the	same	temperature.	Less	massive	T	Tauri	stars	follow	this	track	to	the	main	sequence,	while	more	massive	stars	turn	onto	the	Henyey	track.[74]Most	stars	are	observed	to	be
members	of	binary	star	systems,	and	the	properties	of	those	binaries	are	the	result	of	the	conditions	in	which	they	formed.[75]	A	gas	cloud	must	lose	its	angular	momentum	in	order	to	collapse	and	form	a	star.	The	fragmentation	of	the	cloud	into	multiple	stars	distributes	some	of	that	angular	momentum.	The	primordial	binaries	transfer	some	angular
momentum	by	gravitational	interactions	during	close	encounters	with	other	stars	in	young	stellar	clusters.	These	interactions	tend	to	split	apart	more	widely	separated	(soft)	binaries	while	causing	hard	binaries	to	become	more	tightly	bound.	This	produces	the	separation	of	binaries	into	their	two	observed	populations	distributions.[76]Main	article:
Main	sequenceStars	spend	about	90%	of	their	lifetimes	fusing	hydrogen	into	helium	in	high-temperature-and-pressure	reactions	in	their	cores.	Such	stars	are	said	to	be	on	the	main	sequence	and	are	called	dwarf	stars.	Starting	at	zero-age	main	sequence,	the	proportion	of	helium	in	a	star's	core	will	steadily	increase,	the	rate	of	nuclear	fusion	at	the
core	will	slowly	increase,	as	will	the	star's	temperature	and	luminosity.[77]The	Sun,	for	example,	is	estimated	to	have	increased	in	luminosity	by	about	40%	since	it	reached	the	main	sequence	4.6billion	(4.6109)	years	ago.[78]Every	star	generates	a	stellar	wind	of	particles	that	causes	a	continual	outflow	of	gas	into	space.	For	most	stars,	the	mass	lost
is	negligible.	The	Sun	loses	1014M	every	year,[79]	or	about	0.01%	of	its	total	mass	over	its	entire	lifespan.	However,	very	massive	stars	can	lose	107	to	105M	each	year,	significantly	affecting	their	evolution.[80]	Stars	that	begin	with	more	than	50M	can	lose	over	half	their	total	mass	while	on	the	main	sequence.[81]An	example	of	a
HertzsprungRussell	diagram	for	a	set	of	stars	that	includes	the	Sun	(center)	(see	Classification)The	time	a	star	spends	on	the	main	sequence	depends	primarily	on	the	amount	of	fuel	it	has	and	the	rate	at	which	it	fuses	it.	The	Sun	is	expected	to	live	10billion	(1010)	years.	Massive	stars	consume	their	fuel	very	rapidly	and	are	short-lived.	Low	mass
stars	consume	their	fuel	very	slowly.	Stars	less	massive	than	0.25M,	called	red	dwarfs,	are	able	to	fuse	nearly	all	of	their	mass	while	stars	of	about	1M	can	only	fuse	about	10%	of	their	mass.	The	combination	of	their	slow	fuel-consumption	and	relatively	large	usable	fuel	supply	allows	low	mass	stars	to	last	about	one	trillion	(101012)	years;	the	most
extreme	of	0.08M	will	last	for	about	12trillion	years.	Red	dwarfs	become	hotter	and	more	luminous	as	they	accumulate	helium.	When	they	eventually	run	out	of	hydrogen,	they	contract	into	a	white	dwarf	and	decline	in	temperature.[61]	Since	the	lifespan	of	such	stars	is	greater	than	the	current	age	of	the	universe	(13.8billion	years),	no	stars	under
about	0.85M[82]	are	expected	to	have	moved	off	the	main	sequence.Besides	mass,	the	elements	heavier	than	helium	can	play	a	significant	role	in	the	evolution	of	stars.	Astronomers	label	all	elements	heavier	than	helium	"metals",	and	call	the	chemical	concentration	of	these	elements	in	a	star,	its	metallicity.	A	star's	metallicity	can	influence	the	time
the	star	takes	to	burn	its	fuel,	and	controls	the	formation	of	its	magnetic	fields,[83]	which	affects	the	strength	of	its	stellar	wind.[84]	Older,	population	II	stars	have	substantially	less	metallicity	than	the	younger,	population	I	stars	due	to	the	composition	of	the	molecular	clouds	from	which	they	formed.	Over	time,	such	clouds	become	increasingly
enriched	in	heavier	elements	as	older	stars	die	and	shed	portions	of	their	atmospheres.[85]Main	articles:	Subgiant,	Red	giant,	Horizontal	branch,	Red	clump,	and	Asymptotic	giant	branchBetelgeuse	as	seen	by	ALMA.	This	is	the	first	time	that	ALMA	has	observed	the	surface	of	a	star	and	resulted	in	the	highest-resolution	image	of	Betelgeuse
available.As	stars	of	at	least	0.4M[86]	exhaust	the	supply	of	hydrogen	at	their	core,	they	start	to	fuse	hydrogen	in	a	shell	surrounding	the	helium	core.	The	outer	layers	of	the	star	expand	and	cool	greatly	as	they	transition	into	a	red	giant.	In	some	cases,	they	will	fuse	heavier	elements	at	the	core	or	in	shells	around	the	core.	As	the	stars	expand,	they
throw	part	of	their	mass,	enriched	with	those	heavier	elements,	into	the	interstellar	environment,	to	be	recycled	later	as	new	stars.[87]	In	about	5billion	years,	when	the	Sun	enters	the	helium	burning	phase,	it	will	expand	to	a	maximum	radius	of	roughly	1	astronomical	unit	(150million	kilometres),	250	times	its	present	size,	and	lose	30%	of	its	current
mass.[78][88]As	the	hydrogen-burning	shell	produces	more	helium,	the	core	increases	in	mass	and	temperature.	In	a	red	giant	of	up	to	2.25M,	the	mass	of	the	helium	core	becomes	degenerate	prior	to	helium	fusion.	Finally,	when	the	temperature	increases	sufficiently,	core	helium	fusion	begins	explosively	in	what	is	called	a	helium	flash,	and	the	star
rapidly	shrinks	in	radius,	increases	its	surface	temperature,	and	moves	to	the	horizontal	branch	of	the	HR	diagram.	For	more	massive	stars,	helium	core	fusion	starts	before	the	core	becomes	degenerate,	and	the	star	spends	some	time	in	the	red	clump,	slowly	burning	helium,	before	the	outer	convective	envelope	collapses	and	the	star	then	moves	to
the	horizontal	branch.[89]After	a	star	has	fused	the	helium	of	its	core,	it	begins	fusing	helium	along	a	shell	surrounding	the	hot	carbon	core.	The	star	then	follows	an	evolutionary	path	called	the	asymptotic	giant	branch	(AGB)	that	parallels	the	other	described	red-giant	phase,	but	with	a	higher	luminosity.	The	more	massive	AGB	stars	may	undergo	a
brief	period	of	carbon	fusion	before	the	core	becomes	degenerate.	During	the	AGB	phase,	stars	undergo	thermal	pulses	due	to	instabilities	in	the	core	of	the	star.	In	these	thermal	pulses,	the	luminosity	of	the	star	varies	and	matter	is	ejected	from	the	star's	atmosphere,	ultimately	forming	a	planetary	nebula.	As	much	as	50	to	70%	of	a	star's	mass	can
be	ejected	in	this	mass	loss	process.	Because	energy	transport	in	an	AGB	star	is	primarily	by	convection,	this	ejected	material	is	enriched	with	the	fusion	products	dredged	up	from	the	core.	Therefore,	the	planetary	nebula	is	enriched	with	elements	like	carbon	and	oxygen.	Ultimately,	the	planetary	nebula	disperses,	enriching	the	general	interstellar
medium.[90]	Therefore,	future	generations	of	stars	are	made	of	the	"star	stuff"	from	past	stars.[91]Main	articles:	Supergiant	star,	Hypergiant,	and	WolfRayet	starOnion-like	layers	at	the	core	of	a	massive,	evolved	star	just	before	core	collapseDuring	their	helium-burning	phase,	a	star	of	more	than	9	solar	masses	expands	to	form	first	a	blue	supergiant
and	then	a	red	supergiant.	Particularly	massive	stars	(exceeding	40	solar	masses,	like	Alnilam,	the	central	blue	supergiant	of	Orion's	Belt)[92]	do	not	become	red	supergiants	due	to	high	mass	loss.[93]	These	may	instead	evolve	to	a	WolfRayet	star,	characterised	by	spectra	dominated	by	emission	lines	of	elements	heavier	than	hydrogen,	which	have
reached	the	surface	due	to	strong	convection	and	intense	mass	loss,	or	from	stripping	of	the	outer	layers.[94]When	helium	is	exhausted	at	the	core	of	a	massive	star,	the	core	contracts	and	the	temperature	and	pressure	rises	enough	to	fuse	carbon	(see	Carbon-burning	process).	This	process	continues,	with	the	successive	stages	being	fueled	by	neon
(see	neon-burning	process),	oxygen	(see	oxygen-burning	process),	and	silicon	(see	silicon-burning	process).	Near	the	end	of	the	star's	life,	fusion	continues	along	a	series	of	onion-layer	shells	within	a	massive	star.	Each	shell	fuses	a	different	element,	with	the	outermost	shell	fusing	hydrogen;	the	next	shell	fusing	helium,	and	so	forth.[95]The	final
stage	occurs	when	a	massive	star	begins	producing	iron.	Since	iron	nuclei	are	more	tightly	bound	than	any	heavier	nuclei,	any	fusion	beyond	iron	does	not	produce	a	net	release	of	energy.[96]Some	massive	stars,	particularly	luminous	blue	variables,	are	very	unstable	to	the	extent	that	they	violently	shed	their	mass	into	space	in	events	known	as
supernova	impostors,	becoming	significantly	brighter	in	the	process.	Eta	Carinae	is	known	for	having	undergone	a	supernova	impostor	event,	the	Great	Eruption,	in	the	19th	century.As	a	star's	core	shrinks,	the	intensity	of	radiation	from	that	surface	increases,	creating	such	radiation	pressure	on	the	outer	shell	of	gas	that	it	will	push	those	layers
away,	forming	a	planetary	nebula.	If	what	remains	after	the	outer	atmosphere	has	been	shed	is	less	than	roughly	1.4M,	it	shrinks	to	a	relatively	tiny	object	about	the	size	of	Earth,	known	as	a	white	dwarf.	White	dwarfs	lack	the	mass	for	further	gravitational	compression	to	take	place.[97]	The	electron-degenerate	matter	inside	a	white	dwarf	is	no
longer	a	plasma.	Eventually,	white	dwarfs	fade	into	black	dwarfs	over	a	very	long	period	of	time.[98]The	Crab	Nebula,	remnants	of	a	supernova	that	was	first	observed	around	1050	ADIn	massive	stars,	fusion	continues	until	the	iron	core	has	grown	so	large	(more	than	1.4M)	that	it	can	no	longer	support	its	own	mass.	This	core	will	suddenly	collapse
as	its	electrons	are	driven	into	its	protons,	forming	neutrons,	neutrinos,	and	gamma	rays	in	a	burst	of	electron	capture	and	inverse	beta	decay.	The	shockwave	formed	by	this	sudden	collapse	causes	the	rest	of	the	star	to	explode	in	a	supernova.	Supernovae	become	so	bright	that	they	may	briefly	outshine	the	star's	entire	home	galaxy.	When	they
occur	within	the	Milky	Way,	supernovae	have	historically	been	observed	by	naked-eye	observers	as	"new	stars"	where	none	seemingly	existed	before.[99]A	supernova	explosion	blows	away	the	star's	outer	layers,	leaving	a	remnant	such	as	the	Crab	Nebula.[99]	The	core	is	compressed	into	a	neutron	star,	which	sometimes	manifests	itself	as	a	pulsar	or
X-ray	burster.	In	the	case	of	the	largest	stars,	the	remnant	is	a	black	hole	greater	than	4M.[100]	In	a	neutron	star	the	matter	is	in	a	state	known	as	neutron-degenerate	matter,	with	a	more	exotic	form	of	degenerate	matter,	QCD	matter,	possibly	present	in	the	core.[101]The	blown-off	outer	layers	of	dying	stars	include	heavy	elements,	which	may	be
recycled	during	the	formation	of	new	stars.	These	heavy	elements	allow	the	formation	of	rocky	planets.	The	outflow	from	supernovae	and	the	stellar	wind	of	large	stars	play	an	important	part	in	shaping	the	interstellar	medium.[99]Binary	stars'	evolution	may	significantly	differ	from	that	of	single	stars	of	the	same	mass.	For	example,	when	any	star
expands	to	become	a	red	giant,	it	may	overflow	its	Roche	lobe,	the	surrounding	region	where	material	is	gravitationally	bound	to	it;	if	stars	in	a	binary	system	are	close	enough,	some	of	that	material	may	overflow	to	the	other	star,	yielding	phenomena	including	contact	binaries,	common-envelope	binaries,	cataclysmic	variables,	blue	stragglers,[102]
and	type	Ia	supernovae.	Mass	transfer	leads	to	cases	such	as	the	Algol	paradox,	where	the	most-evolved	star	in	a	system	is	the	least	massive.[103]The	evolution	of	binary	star	and	higher-order	star	systems	is	intensely	researched	since	so	many	stars	have	been	found	to	be	members	of	binary	systems.	Around	half	of	Sun-like	stars,	and	an	even	higher
proportion	of	more	massive	stars,	form	in	multiple	systems,	and	this	may	greatly	influence	such	phenomena	as	novae	and	supernovae,	the	formation	of	certain	types	of	star,	and	the	enrichment	of	space	with	nucleosynthesis	products.[104]The	influence	of	binary	star	evolution	on	the	formation	of	evolved	massive	stars	such	as	luminous	blue	variables,
WolfRayet	stars,	and	the	progenitors	of	certain	classes	of	core	collapse	supernova	is	still	disputed.	Single	massive	stars	may	be	unable	to	expel	their	outer	layers	fast	enough	to	form	the	types	and	numbers	of	evolved	stars	that	are	observed,	or	to	produce	progenitors	that	would	explode	as	the	supernovae	that	are	observed.	Mass	transfer	through
gravitational	stripping	in	binary	systems	is	seen	by	some	astronomers	as	the	solution	to	that	problem.[105][106][107]Artist's	impression	of	the	Sirius	system,	a	white	dwarf	star	in	orbit	around	an	A-type	main-sequence	starStars	are	not	spread	uniformly	across	the	universe	but	are	normally	grouped	into	galaxies	along	with	interstellar	gas	and	dust.	A
typical	large	galaxy	like	the	Milky	Way	contains	hundreds	of	billions	of	stars.	There	are	more	than	2trillion	(1012)	galaxies,	though	most	are	less	than	10%	the	mass	of	the	Milky	Way.[108]	Overall,	there	are	likely	to	be	between	1022	and	1024	stars,[109][110]	which	are	more	stars	than	all	the	grains	of	sand	on	planet	Earth.[111][112][113]	Most	stars
are	within	galaxies,	but	between	10	and	50%	of	the	starlight	in	large	galaxy	clusters	may	come	from	stars	outside	of	any	galaxy.[114][115][116]A	multi-star	system	consists	of	two	or	more	gravitationally	bound	stars	that	orbit	each	other.	The	simplest	and	most	common	multi-star	system	is	a	binary	star,	but	systems	of	three	or	more	stars	exist.	For
reasons	of	orbital	stability,	such	multi-star	systems	are	often	organized	into	hierarchical	sets	of	binary	stars.[117]	Larger	groups	are	called	star	clusters.	These	range	from	loose	stellar	associations	with	only	a	few	stars	to	open	clusters	with	dozens	to	thousands	of	stars,	up	to	enormous	globular	clusters	with	hundreds	of	thousands	of	stars.	Such
systems	orbit	their	host	galaxy.	The	stars	in	an	open	or	globular	cluster	all	formed	from	the	same	giant	molecular	cloud,	so	all	members	normally	have	similar	ages	and	compositions.[90]Many	stars	are	observed,	and	most	or	all	may	have	originally	formed	in	gravitationally	bound,	multiple-star	systems.	This	is	particularly	true	for	very	massive	O	and	B
class	stars,	80%	of	which	are	believed	to	be	part	of	multiple-star	systems.	The	proportion	of	single	star	systems	increases	with	decreasing	star	mass,	so	that	only	25%	of	red	dwarfs	are	known	to	have	stellar	companions.	As	85%	of	all	stars	are	red	dwarfs,	more	than	two	thirds	of	stars	in	the	Milky	Way	are	likely	single	red	dwarfs.[118]	In	a	2017	study
of	the	Perseus	molecular	cloud,	astronomers	found	that	most	of	the	newly	formed	stars	are	in	binary	systems.	In	the	model	that	best	explained	the	data,	all	stars	initially	formed	as	binaries,	though	some	binaries	later	split	up	and	leave	single	stars	behind.[119][120]This	view	of	NGC	6397	includes	stars	known	as	blue	stragglers	for	their	location	on
the	HertzsprungRussell	diagram.The	nearest	star	to	the	Earth,	apart	from	the	Sun,	is	Proxima	Centauri,	4.2465	light-years	(40.175trillion	kilometres)	away.	Travelling	at	the	orbital	speed	of	the	Space	Shuttle,	8	kilometres	per	second	(29,000	kilometres	per	hour),	it	would	take	about	150,000	years	to	arrive.[121]	This	is	typical	of	stellar	separations	in
galactic	discs.[122]	Stars	can	be	much	closer	to	each	other	in	the	centres	of	galaxies[123]	and	in	globular	clusters,[124]	or	much	farther	apart	in	galactic	halos.[125]Due	to	the	relatively	vast	distances	between	stars	outside	the	galactic	nucleus,	collisions	between	stars	are	thought	to	be	rare.	In	denser	regions	such	as	the	core	of	globular	clusters	or
the	galactic	center,	collisions	can	be	more	common.[126]	Such	collisions	can	produce	what	are	known	as	blue	stragglers.	These	abnormal	stars	have	higher	surface	temperatures	and	thus	are	bluer	than	stars	at	the	main	sequence	turnoff	in	the	cluster	to	which	they	belong;	in	standard	stellar	evolution,	blue	stragglers	would	already	have	evolved	off
the	main	sequence	and	thus	would	not	be	seen	in	the	cluster.[127]Almost	everything	about	a	star	is	determined	by	its	initial	mass,	including	such	characteristics	as	luminosity,	size,	evolution,	lifespan,	and	its	eventual	fate.Main	article:	Stellar	age	estimationMost	stars	are	between	1billion	and	10billion	years	old.	Some	stars	may	even	be	close	to
13.8billion	years	oldthe	observed	age	of	the	universe.	The	oldest	star	yet	discovered,	HD	140283,	nicknamed	Methuselah	star,	is	an	estimated	14.46	0.8billion	years	old.[128]	(Due	to	the	uncertainty	in	the	value,	this	age	for	the	star	does	not	conflict	with	the	age	of	the	universe,	determined	by	the	Planck	satellite	as	13.799	0.021).[128][129]The	more
massive	the	star,	the	shorter	its	lifespan,	primarily	because	massive	stars	have	greater	pressure	on	their	cores,	causing	them	to	burn	hydrogen	more	rapidly.	The	most	massive	stars	last	an	average	of	a	few	million	years,	while	stars	of	minimum	mass	(red	dwarfs)	burn	their	fuel	very	slowly	and	can	last	tens	to	hundreds	of	billions	of	years.[130]
[131]Lifetimes	of	stages	of	stellar	evolution	in	billions	of	years[132]Initial	Mass	(M)Main	SequenceSubgiantFirst	Red	GiantCore	He	Burning1.09.332.570.760.131.62.280.030.120.132.01.200.010.020.285.00.100.00040.00030.02See	also:	Metallicity	and	Molecules	in	starsWhen	stars	form	in	the	present	Milky	Way	galaxy,	they	are	composed	of	about
71%	hydrogen	and	27%	helium,[133]	as	measured	by	mass,	with	a	small	fraction	of	heavier	elements.	Typically	the	portion	of	heavy	elements	is	measured	in	terms	of	the	iron	content	of	the	stellar	atmosphere,	as	iron	is	a	common	element	and	its	absorption	lines	are	relatively	easy	to	measure.	The	portion	of	heavier	elements	may	be	an	indicator	of	the
likelihood	that	the	star	has	a	planetary	system.[134]As	of	2005[update]	the	star	with	the	lowest	iron	content	ever	measured	is	the	dwarf	HE1327-2326,	with	only	1/200,000th	the	iron	content	of	the	Sun.[135]	By	contrast,	the	super-metal-rich	star	Leonis	has	nearly	double	the	abundance	of	iron	as	the	Sun,	while	the	planet-bearing	star	14	Herculis	has
nearly	triple	the	iron.[136]	Chemically	peculiar	stars	show	unusual	abundances	of	certain	elements	in	their	spectrum;	especially	chromium	and	rare	earth	elements.[137]	Stars	with	cooler	outer	atmospheres,	including	the	Sun,	can	form	various	diatomic	and	polyatomic	molecules.[138]Size	comparison	of	some	well-known	supergiant	and	hypergiant
stars,	featuring	Cygnus	OB2-12,	V382	Carinae,	Betelgeuse,	VV	Cephei,	and	VY	Canis	MajorisMain	articles:	List	of	largest	stars,	List	of	smallest	stars,	and	Solar	radiusDue	to	their	great	distance	from	the	Earth,	all	stars	except	the	Sun	appear	to	the	unaided	eye	as	shining	points	in	the	night	sky	that	twinkle	because	of	the	effect	of	the	Earth's
atmosphere.	The	Sun	is	close	enough	to	the	Earth	to	appear	as	a	disk	instead,	and	to	provide	daylight.	Other	than	the	Sun,	the	star	with	the	largest	apparent	size	is	R	Doradus,	with	an	angular	diameter	of	only	0.057	arcseconds.[139]The	disks	of	most	stars	are	much	too	small	in	angular	size	to	be	observed	with	current	ground-based	optical	telescopes,
so	interferometer	telescopes	are	required	to	produce	images	of	these	objects.	Another	technique	for	measuring	the	angular	size	of	stars	is	through	occultation.	By	precisely	measuring	the	drop	in	brightness	of	a	star	as	it	is	occulted	by	the	Moon	(or	the	rise	in	brightness	when	it	reappears),	the	star's	angular	diameter	can	be	computed.[140]Stars
range	in	size	from	neutron	stars,	which	vary	anywhere	from	20	to	40km	(25mi)	in	diameter,	to	supergiants	like	Betelgeuse	in	the	Orion	constellation,	which	has	a	diameter	about	640	times	that	of	the	Sun[141]	with	a	much	lower	density.[142]Main	article:	Stellar	kinematicsThe	Pleiades,	an	open	cluster	of	stars	in	the	constellation	of	Taurus.	These
stars	share	a	common	motion	through	space.[143]The	motion	of	a	star	relative	to	the	Sun	can	provide	useful	information	about	the	origin	and	age	of	a	star,	as	well	as	the	structure	and	evolution	of	the	surrounding	galaxy.[144]	The	components	of	motion	of	a	star	consist	of	the	radial	velocity	toward	or	away	from	the	Sun,	and	the	traverse	angular
movement,	which	is	called	its	proper	motion.[145]Radial	velocity	is	measured	by	the	doppler	shift	of	the	star's	spectral	lines	and	is	given	in	units	of	km/s.	The	proper	motion	of	a	star,	its	parallax,	is	determined	by	precise	astrometric	measurements	in	units	of	milli-arc	seconds	(mas)	per	year.	With	knowledge	of	the	star's	parallax	and	its	distance,	the
proper	motion	velocity	can	be	calculated.	Together	with	the	radial	velocity,	the	total	velocity	can	be	calculated.	Stars	with	high	rates	of	proper	motion	are	likely	to	be	relatively	close	to	the	Sun,	making	them	good	candidates	for	parallax	measurements.[146]When	both	rates	of	movement	are	known,	the	space	velocity	of	the	star	relative	to	the	Sun	or
the	galaxy	can	be	computed.	Among	nearby	stars,	it	has	been	found	that	younger	population	I	stars	have	generally	lower	velocities	than	older,	population	II	stars.	The	latter	have	elliptical	orbits	that	are	inclined	to	the	plane	of	the	galaxy.[147]	A	comparison	of	the	kinematics	of	nearby	stars	has	allowed	astronomers	to	trace	their	origin	to	common
points	in	giant	molecular	clouds;	such	groups	with	common	points	of	origin	are	referred	to	as	stellar	associations.[148]Main	article:	Stellar	magnetic	fieldSurface	magnetic	field	of	SUAur	(a	young	star	of	T	Tauri	type),	reconstructed	by	means	of	ZeemanDoppler	imagingThe	magnetic	field	of	a	star	is	generated	within	regions	of	the	interior	where
convective	circulation	occurs.	This	movement	of	conductive	plasma	functions	like	a	dynamo,	wherein	the	movement	of	electrical	charges	induce	magnetic	fields,	as	does	a	mechanical	dynamo.	Those	magnetic	fields	have	a	great	range	that	extend	throughout	and	beyond	the	star.	The	strength	of	the	magnetic	field	varies	with	the	mass	and	composition
of	the	star,	and	the	amount	of	magnetic	surface	activity	depends	upon	the	star's	rate	of	rotation.	This	surface	activity	produces	starspots,	which	are	regions	of	strong	magnetic	fields	and	lower	than	normal	surface	temperatures.	Coronal	loops	are	arching	magnetic	field	flux	lines	that	rise	from	a	star's	surface	into	the	star's	outer	atmosphere,	its
corona.	The	coronal	loops	can	be	seen	due	to	the	plasma	they	conduct	along	their	length.	Stellar	flares	are	bursts	of	high-energy	particles	that	are	emitted	due	to	the	same	magnetic	activity.[149]Young,	rapidly	rotating	stars	tend	to	have	high	levels	of	surface	activity	because	of	their	magnetic	field.	The	magnetic	field	can	act	upon	a	star's	stellar	wind,
functioning	as	a	brake	to	gradually	slow	the	rate	of	rotation	with	time.	Thus,	older	stars	such	as	the	Sun	have	a	much	slower	rate	of	rotation	and	a	lower	level	of	surface	activity.	The	activity	levels	of	slowly	rotating	stars	tend	to	vary	in	a	cyclical	manner	and	can	shut	down	altogether	for	periods	of	time.[150]	During	the	Maunder	Minimum,	for
example,	the	Sun	underwent	a	70-year	period	with	almost	no	sunspot	activity.[151]Main	article:	Stellar	massStars	have	masses	ranging	from	less	than	half	the	solar	mass	to	over	200	solar	masses	(see	List	of	most	massive	stars).	One	of	the	most	massive	stars	known	is	Eta	Carinae,[152]	which,	with	100150times	as	much	mass	as	the	Sun,	will	have	a
lifespan	of	only	several	million	years.	Studies	of	the	most	massive	open	clusters	suggests	150M	as	a	rough	upper	limit	for	stars	in	the	current	era	of	the	universe.[153]	This	represents	an	empirical	value	for	the	theoretical	limit	on	the	mass	of	forming	stars	due	to	increasing	radiation	pressure	on	the	accreting	gas	cloud.	Several	stars	in	the	R136
cluster	in	the	Large	Magellanic	Cloud	have	been	measured	with	larger	masses,[154]	but	it	has	been	determined	that	they	could	have	been	created	through	the	collision	and	merger	of	massive	stars	in	close	binary	systems,	sidestepping	the	150M	limit	on	massive	star	formation.[155]The	reflection	nebula	NGC	1999	is	brilliantly	illuminated	by	V380
Orionis.	The	black	patch	of	sky	is	a	vast	hole	of	empty	space	and	not	a	dark	nebula	as	previously	thought.The	first	stars	to	form	after	the	Big	Bang	may	have	been	larger,	up	to	300M,[156]	due	to	the	complete	absence	of	elements	heavier	than	lithium	in	their	composition.	This	generation	of	supermassive	population	III	stars	is	likely	to	have	existed	in
the	very	early	universe	(i.e.,	they	are	observed	to	have	a	high	redshift),	and	may	have	started	the	production	of	chemical	elements	heavier	than	hydrogen	that	are	needed	for	the	later	formation	of	planets	and	life.	In	June	2015,	astronomers	reported	evidence	for	Population	III	stars	in	the	Cosmos	Redshift	7	galaxy	at	z	=	6.60.[157][158]With	a	mass
only	80times	that	of	Jupiter	(MJ),	2MASS	J0523-1403	is	the	smallest	known	star	undergoing	nuclear	fusion	in	its	core.[159]	For	stars	with	metallicity	similar	to	the	Sun,	the	theoretical	minimum	mass	the	star	can	have	and	still	undergo	fusion	at	the	core,	is	estimated	to	be	about	75	MJ.[160][161]	When	the	metallicity	is	very	low,	the	minimum	star	size
seems	to	be	about	8.3%	of	the	solar	mass,	or	about	87	MJ.[161][162]	Smaller	bodies	called	brown	dwarfs,	occupy	a	poorly	defined	grey	area	between	stars	and	gas	giants.[160][161]The	combination	of	the	radius	and	the	mass	of	a	star	determines	its	surface	gravity.	Giant	stars	have	much	lower	surface	gravity	than	do	main-sequence	stars,	while	the
opposite	is	the	case	for	degenerate,	compact	stars	such	as	white	dwarfs.	The	surface	gravity	can	influence	the	appearance	of	a	star's	spectrum,	with	higher	gravity	causing	a	broadening	of	the	absorption	lines.[36]Main	article:	Stellar	rotationThe	rotation	rate	of	stars	can	be	determined	through	spectroscopic	measurement,	or	more	exactly	determined
by	tracking	their	starspots.	Young	stars	can	have	a	rotation	greater	than	100km/s	at	the	equator.	The	B-class	star	Achernar,	for	example,	has	an	equatorial	velocity	of	about	225km/s	or	greater,	causing	its	equator	to	bulge	outward	and	giving	it	an	equatorial	diameter	that	is	more	than	50%	greater	than	between	the	poles.	This	rate	of	rotation	is	just
below	the	critical	velocity	of	300km/s	at	which	speed	the	star	would	break	apart.[163]	By	contrast,	the	Sun	rotates	once	every	2535	days	depending	on	latitude,[164]	with	an	equatorial	velocity	of	1.93km/s.[165]	A	main-sequence	star's	magnetic	field	and	the	stellar	wind	serve	to	slow	its	rotation	by	a	significant	amount	as	it	evolves	on	the	main
sequence.[166]Degenerate	stars	have	contracted	into	a	compact	mass,	resulting	in	a	rapid	rate	of	rotation.	However	they	have	relatively	low	rates	of	rotation	compared	to	what	would	be	expected	by	conservation	of	angular	momentumthe	tendency	of	a	rotating	body	to	compensate	for	a	contraction	in	size	by	increasing	its	rate	of	spin.	A	large	portion
of	the	star's	angular	momentum	is	dissipated	as	a	result	of	mass	loss	through	the	stellar	wind.[167]	In	spite	of	this,	the	rate	of	rotation	for	a	pulsar	can	be	very	rapid.	The	pulsar	at	the	heart	of	the	Crab	nebula,	for	example,	rotates	30	times	per	second.[168]	The	rotation	rate	of	the	pulsar	will	gradually	slow	due	to	the	emission	of	radiation.[169]The
surface	temperature	of	a	main-sequence	star	is	determined	by	the	rate	of	energy	production	of	its	core	and	by	its	radius,	and	is	often	estimated	from	the	star's	color	index.[170]	The	temperature	is	normally	given	in	terms	of	an	effective	temperature,	which	is	the	temperature	of	an	idealized	black	body	that	radiates	its	energy	at	the	same	luminosity	per
surface	area	as	the	star.	The	effective	temperature	is	only	representative	of	the	surface,	as	the	temperature	increases	toward	the	core.[171]	The	temperature	in	the	core	region	of	a	star	is	several	million	kelvins.[172]The	stellar	temperature	will	determine	the	rate	of	ionization	of	various	elements,	resulting	in	characteristic	absorption	lines	in	the
spectrum.	The	surface	temperature	of	a	star,	along	with	its	visual	absolute	magnitude	and	absorption	features,	is	used	to	classify	a	star	(see	classification	below).[36]Massive	main-sequence	stars	can	have	surface	temperatures	of	50,000K.	Smaller	stars	such	as	the	Sun	have	surface	temperatures	of	a	few	thousand	K.	Red	giants	have	relatively	low
surface	temperatures	of	about	3,600K;	but	they	have	a	high	luminosity	due	to	their	large	exterior	surface	area.[173]Eta	Carinae	is	an	unstable	blue	hypergiant	star,	roughly	100	times	more	massive	than	the	Sun,	over	700	times	wider,	and	4	million	times	more	luminous.	In	a	19th	century	event	termed	the	Great	Eruption,	Eta	Carinae	brightened	and
violently	ejected	mass	to	form	the	surrounding	Homunculus	Nebula	(pictured).The	energy	produced	by	stars,	a	product	of	nuclear	fusion,	radiates	to	space	as	both	electromagnetic	radiation	and	particle	radiation.	The	particle	radiation	emitted	by	a	star	is	manifested	as	the	stellar	wind,[174]	which	streams	from	the	outer	layers	as	electrically	charged
protons	and	alpha	and	beta	particles.	A	steady	stream	of	almost	massless	neutrinos	emanate	directly	from	the	star's	core.[175]The	production	of	energy	at	the	core	is	the	reason	stars	shine	so	brightly:	every	time	two	or	more	atomic	nuclei	fuse	together	to	form	a	single	atomic	nucleus	of	a	new	heavier	element,	gamma	ray	photons	are	released	from
the	nuclear	fusion	product.	This	energy	is	converted	to	other	forms	of	electromagnetic	energy	of	lower	frequency,	such	as	visible	light,	by	the	time	it	reaches	the	star's	outer	layers.[176]The	color	of	a	star,	as	determined	by	the	most	intense	frequency	of	the	visible	light,	depends	on	the	temperature	of	the	star's	outer	layers,	including	its	photosphere.
[177]	Besides	visible	light,	stars	emit	forms	of	electromagnetic	radiation	that	are	invisible	to	the	human	eye.	In	fact,	stellar	electromagnetic	radiation	spans	the	entire	electromagnetic	spectrum,	from	the	longest	wavelengths	of	radio	waves	through	infrared,	visible	light,	ultraviolet,	to	the	shortest	of	X-rays,	and	gamma	rays.	From	the	standpoint	of
total	energy	emitted	by	a	star,	not	all	components	of	stellar	electromagnetic	radiation	are	significant,	but	all	frequencies	provide	insight	into	the	star's	physics.[175]Using	the	stellar	spectrum,	astronomers	can	determine	the	surface	temperature,	surface	gravity,	metallicity	and	rotational	velocity	of	a	star.	If	the	distance	of	the	star	is	found,	such	as	by
measuring	the	parallax,	then	the	luminosity	of	the	star	can	be	derived.	The	mass,	radius,	surface	gravity,	and	rotation	period	can	then	be	estimated	based	on	stellar	models.	(Mass	can	be	calculated	for	stars	in	binary	systems	by	measuring	their	orbital	velocities	and	distances.	Gravitational	microlensing	has	been	used	to	measure	the	mass	of	a	single
star.[178])	With	these	parameters,	astronomers	can	estimate	the	age	of	the	star.[179]The	luminosity	of	a	star	is	the	amount	of	light	and	other	forms	of	radiant	energy	it	radiates	per	unit	of	time.	It	has	units	of	power.	The	luminosity	of	a	star	is	determined	by	its	radius	and	surface	temperature.	Many	stars	do	not	radiate	uniformly	across	their	entire
surface.	The	rapidly	rotating	star	Vega,	for	example,	has	a	higher	energy	flux	(power	per	unit	area)	at	its	poles	than	along	its	equator.[180]Patches	of	the	star's	surface	with	a	lower	temperature	and	luminosity	than	average	are	known	as	starspots.	Small,	dwarf	stars	such	as	the	Sun	generally	have	essentially	featureless	disks	with	only	small	starspots.
Giant	stars	have	much	larger,	more	obvious	starspots,[150]	and	they	exhibit	strong	stellar	limb	darkening.	That	is,	the	brightness	decreases	towards	the	edge	of	the	stellar	disk.[181]	Red	dwarf	flare	stars	such	as	UV	Ceti	may	possess	prominent	starspot	features.[182]Main	articles:	Apparent	magnitude	and	Absolute	magnitudeThe	apparent	brightness
of	a	star	is	expressed	in	terms	of	its	apparent	magnitude.	It	is	a	function	of	the	star's	luminosity,	its	distance	from	Earth,	the	extinction	effect	of	interstellar	dust	and	gas,	and	the	altering	of	the	star's	light	as	it	passes	through	Earth's	atmosphere.	Intrinsic	or	absolute	magnitude	is	directly	related	to	a	star's	luminosity,	and	is	the	apparent	magnitude	a
star	would	be	if	the	distance	between	the	Earth	and	the	star	were	10	parsecs	(32.6	light-years).[183]Number	of	stars	brighter	than	magnitudeApparentmagnitudeNumberofstars[184]041152483171451351,60264,800714,000Both	the	apparent	and	absolute	magnitude	scales	are	logarithmic	units:	one	whole	number	difference	in	magnitude	is	equal	to	a
brightness	variation	of	about	2.5	times[185]	(the	5th	root	of	100	or	approximately	2.512).	This	means	that	a	first	magnitude	star	(+1.00)	is	about	2.5	times	brighter	than	a	second	magnitude	(+2.00)	star,	and	about	100	times	brighter	than	a	sixth	magnitude	star	(+6.00).	The	faintest	stars	visible	to	the	naked	eye	under	good	seeing	conditions	are	about
magnitude	+6.[186]On	both	apparent	and	absolute	magnitude	scales,	the	smaller	the	magnitude	number,	the	brighter	the	star;	the	larger	the	magnitude	number,	the	fainter	the	star.	The	brightest	stars,	on	either	scale,	have	negative	magnitude	numbers.	The	variation	in	brightness	(L)	between	two	stars	is	calculated	by	subtracting	the	magnitude
number	of	the	brighter	star	(mb)	from	the	magnitude	number	of	the	fainter	star	(mf),	then	using	the	difference	as	an	exponent	for	the	base	number	2.512;	that	is	to	say:	m	=	m	f	m	b	{\displaystyle	\Delta	{m}=m_{\mathrm	{f}	}-m_{\mathrm	{b}	}}	2.512	m	=	L	{\displaystyle	2.512^{\Delta	{m}}=\Delta	{L}}	Relative	to	both	luminosity	and	distance
from	Earth,	a	star's	absolute	magnitude	(M)	and	apparent	magnitude	(m)	are	not	equivalent;[185]	for	example,	the	bright	star	Sirius	has	an	apparent	magnitude	of	1.44,	but	it	has	an	absolute	magnitude	of	+1.41.The	Sun	has	an	apparent	magnitude	of	26.7,	but	its	absolute	magnitude	is	only	+4.83.	Sirius,	the	brightest	star	in	the	night	sky	as	seen
from	Earth,	is	approximately	23	times	more	luminous	than	the	Sun,	while	Canopus,	the	second	brightest	star	in	the	night	sky	with	an	absolute	magnitude	of	5.53,	is	approximately	14,000	times	more	luminous	than	the	Sun.	Despite	Canopus	being	vastly	more	luminous	than	Sirius,	the	latter	star	appears	the	brighter	of	the	two.	This	is	because	Sirius	is
merely	8.6	light-years	from	the	Earth,	while	Canopus	is	much	farther	away	at	a	distance	of	310	light-years.[187]The	most	luminous	known	stars	have	absolute	magnitudes	of	roughly	12,	corresponding	to	6million	times	the	luminosity	of	the	Sun.[188]	Theoretically,	the	least	luminous	stars	are	at	the	lower	limit	of	mass	at	which	stars	are	capable	of
supporting	nuclear	fusion	of	hydrogen	in	the	core;	stars	just	above	this	limit	have	been	located	in	the	NGC	6397	cluster.	The	faintest	red	dwarfs	in	the	cluster	are	absolute	magnitude	15,	while	a	17th	absolute	magnitude	white	dwarf	has	been	discovered.[189][190]Main	article:	Stellar	classificationSurface	temperature	ranges	fordifferent	stellar
classes[191]ClassTemperatureSample	starO33,000KormoreZeta	OphiuchiB10,50030,000KRigelA7,50010,000KAltairF6,0007,200KProcyonAG5,5006,000KSunK4,0005,250KEpsilon	IndiM2,6003,850KProxima	CentauriThe	current	stellar	classification	system	originated	in	the	early	20th	century,	when	stars	were	classified	from	A	to	Q	based	on	the
strength	of	the	hydrogen	line.[192]	It	was	thought	that	the	hydrogen	line	strength	was	a	simple	linear	function	of	temperature.	Instead,	it	was	more	complicated:	it	strengthened	with	increasing	temperature,	peaked	near	9000K,	and	then	declined	at	greater	temperatures.	The	classifications	were	since	reordered	by	temperature,	on	which	the	modern
scheme	is	based.[193]Stars	are	given	a	single-letter	classification	according	to	their	spectra,	ranging	from	type	O,	which	are	very	hot,	to	M,	which	are	so	cool	that	molecules	may	form	in	their	atmospheres.	The	main	classifications	in	order	of	decreasing	surface	temperature	are:	O,	B,	A,	F,	G,	K,	and	M.	A	variety	of	rare	spectral	types	are	given	special
classifications.	The	most	common	of	these	are	types	L	and	T,	which	classify	the	coldest	low-mass	stars	and	brown	dwarfs.	Each	letter	has	10	sub-divisions,	numbered	from	0	to	9,	in	order	of	decreasing	temperature.	However,	this	system	breaks	down	at	extreme	high	temperatures	as	classes	O0	and	O1	may	not	exist.[194]In	addition,	stars	may	be
classified	by	the	luminosity	effects	found	in	their	spectral	lines,	which	correspond	to	their	spatial	size	and	is	determined	by	their	surface	gravity.	These	range	from	0	(hypergiants)	through	III	(giants)	to	V	(main-sequence	dwarfs);	some	authors	add	VII	(white	dwarfs).	Main-sequence	stars	fall	along	a	narrow,	diagonal	band	when	graphed	according	to
their	absolute	magnitude	and	spectral	type.[194]	The	Sun	is	a	main-sequence	G2V	yellow	dwarf	of	intermediate	temperature	and	ordinary	size.[195]There	is	additional	nomenclature	in	the	form	of	lower-case	letters	added	to	the	end	of	the	spectral	type	to	indicate	peculiar	features	of	the	spectrum.	For	example,	an	"e"	can	indicate	the	presence	of



emission	lines;	"m"	represents	unusually	strong	levels	of	metals,	and	"var"	can	mean	variations	in	the	spectral	type.[194]White	dwarf	stars	have	their	own	class	that	begins	with	the	letter	D.	This	is	further	sub-divided	into	the	classes	DA,	DB,	DC,	DO,	DZ,	and	DQ,	depending	on	the	types	of	prominent	lines	found	in	the	spectrum.	This	is	followed	by	a
numerical	value	that	indicates	the	temperature.[196]Main	article:	Variable	starMira,	an	oscillating	variable	star	on	the	asymptotic	giant	branch,	is	a	red	giant	nearing	the	end	of	its	life,	noted	for	its	asymmetrical	appearance.Variable	stars	have	periodic	or	random	changes	in	luminosity	because	of	intrinsic	or	extrinsic	properties.	Of	the	intrinsically
variable	stars,	the	primary	types	can	be	subdivided	into	three	principal	groups.During	their	stellar	evolution,	some	stars	pass	through	phases	where	they	can	become	pulsating	variables.	Pulsating	variable	stars	vary	in	radius	and	luminosity	over	time,	expanding	and	contracting	with	periods	ranging	from	minutes	to	years,	depending	on	the	size	of	the
star.	This	category	includes	Cepheid	and	Cepheid-like	stars,	and	long-period	variables	such	as	Mira.[197]Eruptive	variables	are	stars	that	experience	sudden	increases	in	luminosity	because	of	flares	or	mass	ejection	events.[197]	This	group	includes	protostars,	Wolf-Rayet	stars,	and	flare	stars,	as	well	as	giant	and	supergiant	stars.Cataclysmic	or
explosive	variable	stars	are	those	that	undergo	a	dramatic	change	in	their	properties.	This	group	includes	novae	and	supernovae.	A	binary	star	system	that	includes	a	nearby	white	dwarf	can	produce	certain	types	of	these	spectacular	stellar	explosions,	including	the	nova	and	a	Type	1a	supernova.[89]	The	explosion	is	created	when	the	white	dwarf
accretes	hydrogen	from	the	companion	star,	building	up	mass	until	the	hydrogen	undergoes	fusion.[198]	Some	novae	are	recurrent,	having	periodic	outbursts	of	moderate	amplitude.[197]Stars	can	vary	in	luminosity	because	of	extrinsic	factors,	such	as	eclipsing	binaries,	as	well	as	rotating	stars	that	produce	extreme	starspots.[197]	A	notable	example
of	an	eclipsing	binary	is	Algol,	which	regularly	varies	in	magnitude	from	2.1	to	3.4	over	a	period	of	2.87	days.[199]Main	article:	Stellar	structureInternal	structures	of	main-sequence	stars	with	masses	indicated	in	solar	masses,	convection	zones	with	arrowed	cycles,	and	radiative	zones	with	red	flashes.	Left	to	right,	a	red	dwarf,	a	yellow	dwarf,	and	a
blue-white	main-sequence	starThe	interior	of	a	stable	star	is	in	a	state	of	hydrostatic	equilibrium:	the	forces	on	any	small	volume	almost	exactly	counterbalance	each	other.	The	balanced	forces	are	inward	gravitational	force	and	an	outward	force	due	to	the	pressure	gradient	within	the	star.	The	pressure	gradient	is	established	by	the	temperature
gradient	of	the	plasma;	the	outer	part	of	the	star	is	cooler	than	the	core.	The	temperature	at	the	core	of	a	main-sequence	or	giant	star	is	at	least	on	the	order	of	107K.	The	resulting	temperature	and	pressure	at	the	hydrogen-burning	core	of	a	main-sequence	star	are	sufficient	for	nuclear	fusion	to	occur	and	for	sufficient	energy	to	be	produced	to
prevent	further	collapse	of	the	star.[200][201]As	atomic	nuclei	are	fused	in	the	core,	they	emit	energy	in	the	form	of	gamma	rays.	These	photons	interact	with	the	surrounding	plasma,	adding	to	the	thermal	energy	at	the	core.	Stars	on	the	main	sequence	convert	hydrogen	into	helium,	creating	a	slowly	but	steadily	increasing	proportion	of	helium	in
the	core.	Eventually	the	helium	content	becomes	predominant,	and	energy	production	ceases	at	the	core.	Instead,	for	stars	of	more	than	0.4M,	fusion	occurs	in	a	slowly	expanding	shell	around	the	degenerate	helium	core.[202]In	addition	to	hydrostatic	equilibrium,	the	interior	of	a	stable	star	will	maintain	an	energy	balance	of	thermal	equilibrium.
There	is	a	radial	temperature	gradient	throughout	the	interior	that	results	in	a	flux	of	energy	flowing	toward	the	exterior.	The	outgoing	flux	of	energy	leaving	any	layer	within	the	star	will	exactly	match	the	incoming	flux	from	below.[203]The	radiation	zone	is	the	region	of	the	stellar	interior	where	the	flux	of	energy	outward	is	dependent	on	radiative
heat	transfer,	since	convective	heat	transfer	is	inefficient	in	that	zone.	In	this	region	the	plasma	will	not	be	perturbed,	and	any	mass	motions	will	die	out.	Where	this	is	not	the	case,	then	the	plasma	becomes	unstable	and	convection	will	occur,	forming	a	convection	zone.	This	can	occur,	for	example,	in	regions	where	very	high	energy	fluxes	occur,	such
as	near	the	core	or	in	areas	with	high	opacity	(making	radiatative	heat	transfer	inefficient)	as	in	the	outer	envelope.[201]The	occurrence	of	convection	in	the	outer	envelope	of	a	main-sequence	star	depends	on	the	star's	mass.	Stars	with	several	times	the	mass	of	the	Sun	have	a	convection	zone	deep	within	the	interior	and	a	radiative	zone	in	the	outer
layers.	Smaller	stars	such	as	the	Sun	are	just	the	opposite,	with	the	convective	zone	located	in	the	outer	layers.[204]	Red	dwarf	stars	with	less	than	0.4M	are	convective	throughout,	which	prevents	the	accumulation	of	a	helium	core.[86]	For	most	stars	the	convective	zones	will	vary	over	time	as	the	star	ages	and	the	constitution	of	the	interior	is
modified.[201]A	cross-section	of	the	SunThe	photosphere	is	that	portion	of	a	star	that	is	visible	to	an	observer.	This	is	the	layer	at	which	the	plasma	of	the	star	becomes	transparent	to	photons	of	light.	From	here,	the	energy	generated	at	the	core	becomes	free	to	propagate	into	space.	It	is	within	the	photosphere	that	sun	spots,	regions	of	lower	than
average	temperature,	appear.[205]Above	the	level	of	the	photosphere	is	the	stellar	atmosphere.	In	a	main-sequence	star	such	as	the	Sun,	the	lowest	level	of	the	atmosphere,	just	above	the	photosphere,	is	the	thin	chromosphere	region,	where	spicules	appear	and	stellar	flares	begin.	Above	this	is	the	transition	region,	where	the	temperature	rapidly
increases	within	a	distance	of	only	100km	(62mi).	Beyond	this	is	the	corona,	a	volume	of	super-heated	plasma	that	can	extend	outward	to	several	million	kilometres.[206]	The	existence	of	a	corona	appears	to	be	dependent	on	a	convective	zone	in	the	outer	layers	of	the	star.[204]	Despite	its	high	temperature,	the	corona	emits	very	little	light,	due	to	its
low	gas	density.[207]	The	corona	region	of	the	Sun	is	normally	only	visible	during	a	solar	eclipse.From	the	corona,	a	stellar	wind	of	plasma	particles	expands	outward	from	the	star,	until	it	interacts	with	the	interstellar	medium.	For	the	Sun,	the	influence	of	its	solar	wind	extends	throughout	a	bubble-shaped	region	called	the	heliosphere.[208]Main
article:	Stellar	nucleosynthesisOverview	of	the	protonproton	chainThe	carbon-nitrogen-oxygen	cycleWhen	nuclei	fuse,	the	mass	of	the	fused	product	is	less	than	the	mass	of	the	original	parts.	This	lost	mass	is	converted	to	electromagnetic	energy,	according	to	the	massenergy	equivalence	relationship	E	=	m	c	2	{\displaystyle	E=mc^{2}}	.[209]	A
variety	of	nuclear	fusion	reactions	take	place	in	the	cores	of	stars,	that	depend	upon	their	mass	and	composition.The	hydrogen	fusion	process	is	temperature-sensitive,	so	a	moderate	increase	in	the	core	temperature	will	result	in	a	significant	increase	in	the	fusion	rate.	As	a	result,	the	core	temperature	of	main-sequence	stars	only	varies	from	4million
kelvin	for	a	small	M-class	star	to	40million	kelvin	for	a	massive	O-class	star.[172]In	the	Sun,	with	a	16-million-kelvin	core,	hydrogen	fuses	to	form	helium	in	the	protonproton	chain	reaction:[210]41H	22H	+	2e+	+	2e(2	x	0.4	MeV)2e+	+	2e	2	(2	x	1.0	MeV)21H	+	22H	23He	+	2	(2	x	5.5	MeV)23He	4He	+	21H	(12.9	MeV)There	are	a	couple	other	paths,	in
which	3He	and	4He	combine	to	form	7Be,	which	eventually	(with	the	addition	of	another	proton)	yields	two	4He,	a	gain	of	one.All	these	reactions	result	in	the	overall	reaction:41H	4He	+	2	+	2e	(26.7	MeV)where	is	a	gamma	ray	photon,	e	is	a	neutrino,	and	H	and	He	are	isotopes	of	hydrogen	and	helium,	respectively.	The	energy	released	by	this
reaction	is	in	millions	of	electron	volts.	Each	individual	reaction	produces	only	a	tiny	amount	of	energy,	but	because	enormous	numbers	of	these	reactions	occur	constantly,	they	produce	all	the	energy	necessary	to	sustain	the	star's	radiation	output.	In	comparison,	the	combustion	of	two	hydrogen	gas	molecules	with	one	oxygen	gas	molecule	releases
only	5.7	eV.In	more	massive	stars,	helium	is	produced	in	a	cycle	of	reactions	catalyzed	by	carbon	called	the	carbon-nitrogen-oxygen	cycle.[210]In	evolved	stars	with	cores	at	100million	kelvin	and	masses	between	0.5	and	10M,	helium	can	be	transformed	into	carbon	in	the	triple-alpha	process	that	uses	the	intermediate	element	beryllium:[210]4He	+
4He	+	92	keV	8*Be4He	+	8*Be	+	67	keV	12*C12*C	12C	+	+	7.4	MeVFor	an	overall	reaction	of:Overview	of	consecutive	fusion	processes	in	massive	stars34He	12C	+	+	7.2	MeVIn	massive	stars,	heavier	elements	can	be	burned	in	a	contracting	core	through	the	neon-burning	process	and	oxygen-burning	process.	The	final	stage	in	the	stellar
nucleosynthesis	process	is	the	silicon-burning	process	that	results	in	the	production	of	the	stable	isotope	iron-56.[210]	Any	further	fusion	would	be	an	endothermic	process	that	consumes	energy,	and	so	further	energy	can	only	be	produced	through	gravitational	collapse.Duration	of	the	main	phases	of	fusion	for	a	20M
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this	designation	scheme,	devised	by	John	Flamsteed	to	catalog	his	observations,	stars	of	a	particular	constellation	are	numbered	in	the	order	of	their	right	ascension,	not	in	Greek	letters	as	the	Bayer	designation	does.[18][19]	The	star	does	not	appear	under	that	name	in	Flamsteed's	Historia	Coelestis	Britannica,[20]	although	it	has	been	stated	by	him
that	61	Cygni	actually	corresponds	to	what	he	referred	to	as	85	Cygni	in	the	1712	edition.[21]	It	has	also	been	called	"Bessel's	Star"	or	"Piazzi's	Flying	Star".[22][23]The	first	well	recorded	observation	of	the	star	system	using	optical	instruments	was	made	by	James	Bradley	on	25	September	1753,	when	he	noticed	that	it	was	a	double	star.	William
Herschel	began	systematic	observations	of	61	Cygni	as	part	of	a	wider	study	of	binary	stars.	His	observations	led	to	the	conclusion	that	binary	stars	were	separated	enough	that	they	would	show	different	movements	in	parallax	over	the	year,	and	hoped	to	use	this	as	a	way	to	measure	the	distance	to	the	stars.[24]61	Cygni	showing	proper	motion
(movement	from	our	vantage	point)	at	some	early	21st	century	one-year	intervals.In	1792,	Giuseppe	Piazzi	noticed	the	high	proper	motion	when	he	compared	his	own	observations	of	61	Cygni	with	those	of	Bradley,	made	40	years	earlier.	This	led	to	considerable	interest	in	61	Cygni	by	contemporary	astronomers,	and	its	continual	observation	since
that	date.[24]	Piazzi's	repeated	measurements	led	to	a	definitive	value	of	its	motion,	which	he	published	in	1804.[25][26]It	was	in	this	record	he	christened	the	system	as	the	"Flying	Star".[27]Piazzi	noted	that	this	motion	meant	that	it	was	probably	one	of	the	closest	stars,	and	suggested	it	would	be	a	prime	candidate	for	an	attempt	to	determine	its
distance	through	parallax	measurements,	along	with	two	other	possibilities,	Delta	Eridani	and	Mu	Cassiopeiae.[26]A	number	of	astronomers	soon	took	up	the	task,	including	attempts	by	Franois	Arago	and	Claude-Louis	Mathieu	in	1812,	who	recorded	the	parallax	at	500milliarcseconds	(mas),	and	Christian	Heinrich	Friedrich	Peters	used	Arago's	data
to	calculate	a	value	of	550mas.	Peters	calculated	a	better	value	based	on	observations	made	by	Bernhard	von	Lindenau	at	Seeburg	between	1812	and	1814;	he	calculated	it	to	be	470	510mas.	Von	Lindenau	had	already	noted	that	he	had	seen	no	parallax,	and	as	Friedrich	Georg	Wilhelm	von	Struve	pointed	out	after	his	own	test	series	between	1818
and	1821,	all	of	these	numbers	are	more	accurate	than	the	accuracy	of	the	instrument	used.[24]Friedrich	Wilhelm	Bessel	made	a	notable	contribution	in	1812	when	he	used	a	different	method	to	measure	distance.	Assuming	the	orbital	period	of	the	two	stars	in	the	binary	to	be	400	years,	he	estimated	the	distance	between	the	two	this	would	require,
and	then	measured	the	angular	distance	between	the	stars.	This	led	to	a	value	of	460mas.[citation	needed]	He	then	followed	this	up	with	direct	parallax	measurements	in	a	series	of	observations	between	1815	and	1816,	comparing	it	with	six	other	stars.	The	two	sets	of	measurements	produced	values	of	760	and	1320mas.	All	of	these	estimates,	like
earlier	attempts	by	others,	retained	inaccuracies	greater	than	the	measurements.[24]When	Joseph	von	Fraunhofer	invented	a	new	type	of	heliometer,	Bessel	carried	out	another	set	of	measurements	using	this	device	in	1837	and	1838	at	Knigsberg.	He	published	his	findings	in	1838[28][29]	with	a	value	of	369.0	19.1mas	to	A	and	260.5	18.8	to	B,	and
estimated	the	center	point	to	be	at	313.6	13.6.	This	corresponds	to	a	distance	of	about	600,000	astronomical	units,	or	about	10.4	light-years.	This	was	the	first	direct	and	reliable	measurement	of	the	distance	to	a	star	other	than	the	Sun.[24][30]	His	measurement	was	published	only	shortly	before	similar	parallax	measurements	of	Vega	by	Friedrich
Georg	Wilhelm	von	Struve	and	Alpha	Centauri	by	Thomas	Henderson	that	same	year.[31]	Bessel	continued	to	make	additional	measurements	at	Knigsberg,	publishing	a	total	of	four	complete	observational	runs,	the	last	in	1868.	The	best	of	these	placed	the	center	point	at	360.2	12.1mas,	made	during	observations	in	1849.[24]	This	is	close	to	the
currently	accepted	value	of	287.18mas	(yielding	11.36light-years).[32]Only	a	few	years	after	Bessel's	measurement,	in	1842	Friedrich	Wilhelm	Argelander	noted	that	Groombridge	1830	had	an	even	larger	proper	motion,	and	61	Cygni	became	the	second	highest	known.	It	was	later	moved	further	down	the	list	by	Kapteyn's	Star	and	Barnard's	Star.	61
Cygni	has	the	sixth	highest	proper	motion	of	all	stellar	systems	listed	in	the	latest	Gaia	catalogues,	but	retains	the	title	of	highest	proper	motion	among	stars	visible	to	the	naked	eye.[14]Due	to	the	wide	angular	separation	between	61	Cygni	A	and	B,	and	the	correspondingly	slow	orbital	motion,	it	was	initially	unclear	whether	the	two	stars	in	the	61
Cygni	system	were	a	gravitationally	bound	system	or	simply	a	juxtaposition	of	stars.[33]	von	Struve	first	argued	for	its	status	as	a	binary	in	1830,	but	the	matter	remained	open.[33]However,	by	1917	refined	measured	parallax	differences	demonstrated	that	the	separation	was	significantly	less.[34]	The	binary	nature	of	this	system	was	clear	by	1934,
and	orbital	elements	were	published.[35]In	1911,	Benjamin	Boss	published	data	indicating	that	the	61	Cygni	system	was	a	member	of	a	comoving	group	of	stars.[36]	This	group	containing	61	Cygni	was	later	expanded	to	include	26	potential	members.	Possible	members	include	Beta	Columbae,	Pi	Mensae,	14	Tauri	and	68	Virginis.	The	space	velocities
of	this	group	of	stars	range	from	105	to	114km/s	relative	to	the	Sun.[37][38]Observations	taken	by	planet	search	programs	show	that	both	components	have	strong	linear	trends	in	the	radial	velocity	measurements.[39]An	observer	using	750	binoculars	can	find	61	Cygni	two	binocular	fields	southeast	of	the	bright	star	Deneb.	The	angular	separation	of
the	two	stars	is	slightly	greater	than	the	angular	size	of	Saturn	(1620).[40]	So,	under	ideal	viewing	conditions,	the	binary	system	can	be	resolved	by	a	telescope	with	a	7mm	aperture.[note	2]	This	iswell	within	the	capability	for	aperture	of	typical	binoculars,	though	to	resolve	the	binary	these	need	a	steady	mount	and	some	10x	magnification.	With	a
separation	of	28	arc-seconds	between	the	component	stars,	10	magnification	would	give	an	apparent	separation	of	280	arc-seconds,	above	the	generally	regarded	eye	resolution	limit	of	4	arc-minutes	or	240	arc-seconds.[41]Although	it	appears	to	be	a	single	star	to	the	naked	eye,	61	Cygni	is	a	widely-separated	binary	star	system,	composed	of	two	K
class	(orange)	main	sequence	stars,	the	brighter	61	Cygni	A	and	fainter	61	Cygni	B,	which	have	apparent	magnitudes	of	5.2	and	6.1,	respectively.	Both	appear	to	be	old-disk	stars,[42][43]	with	an	estimated	age	that	is	older	than	the	Sun.	At	a	distance	of	just	over	11	light-years,	it	is	the	15th-nearest-known	star	system	to	the	Earth	(not	including	the
Sun).	61	Cygni	A	is	the	fourth-nearest	star	that	is	visible	to	the	naked	eye	for	mid-latitude	northern	observers,	after	Sirius,	Epsilon	Eridani,	and	Procyon	A.[44]	This	system	will	make	its	closest	approach	at	about	20,000	CE,	when	the	separation	from	the	Sun	will	be	about	9	light-years.	Smaller	and	dimmer	than	the	Sun,	61	Cygni	A	has	about	70
percent	of	a	solar	mass,	72	percent	of	its	diameter	and	about	8.5	percent	of	its	luminosity	and	61	Cygni	B	has	about	63	percent	of	a	solar	mass,	67	percent	of	its	diameter,	and	3.9	percent	of	its	luminosity.[45]61	Cygni	A's	long-term	stability	led	to	it	being	selected	as	an	"anchor	star"	in	the	MorganKeenan	(MK)	classification	system	in	1943,	serving	as
the	K5	V	"anchor	point"	since	that	time.[46]	Starting	in	1953,	61	Cygni	B	has	been	considered	a	K7	V	standard	star	(Johnson	&	Morgan	1953,[47]	Keenan	&	McNeil	1989[48]).A	size	comparison	between	the	Sun	(left),	61	Cygni	A	(bottom)	and	61	Cygni	B	(upper	right).61	Cygni	A	is	a	typical	BY	Draconis	variable	star	designated	as	V1803	Cyg	while	61
Cygni	B	is	a	flare	type	variable	star	named	HD	201092	with	their	magnitudes	varying	5.21	V	and	6.03,	respectively.[49]	The	two	stars	orbit	their	common	barycenter	in	a	period	of	659	years,	with	a	mean	separation	of	about	84AU84	times	the	separation	between	the	Earth	and	the	Sun.	The	relatively	large	orbital	eccentricity	of	0.48	means	that	the	two
stars	are	separated	by	about	44AU	at	periapsis	and	124	AU	at	apoapsis.[note	3]	The	leisurely	orbit	of	the	pair	has	made	it	difficult	to	pin	down	their	respective	masses,	and	the	accuracy	of	these	values	remain	somewhat	controversial.	In	the	future	this	issue	may	be	resolved	through	the	use	of	asteroseismology.[12]	61	Cygni	A	has	about	11%	more
mass	than	61	Cygni	B.[44]The	system	has	an	activity	cycle	that	is	much	more	pronounced	than	the	solar	sunspot	cycle.	This	is	a	complex	activity	cycle	that	varies	with	a	period	of	about	7.51.7years.[50][51]	The	starspot	activity	combined	with	rotation	and	chromospheric	activity	is	a	characteristic	of	a	BY	Draconis	variable.	Because	of	differential
rotation,	this	star's	surface	rotation	period	varies	by	latitude	from	27	to	45	days,	with	an	average	period	of	35	days.[52]The	orbital	motion	of	component	B	relative	to	component	A	as	seen	from	Earth	as	well	as	the	true	appearance	from	face-on	view.	The	time	steps	are	approximately	10	years.The	outflow	of	the	stellar	wind	from	component	A	produces
a	bubble	within	the	local	interstellar	cloud.	Along	the	direction	of	the	star's	motion	within	the	Milky	Way,	this	extends	out	to	a	distance	of	30AU,	or	roughly	the	orbital	distance	of	Neptune	from	the	Sun.	This	is	lower	than	the	separation	between	the	two	components	of	61	Cygni,	and	so	the	two	most	likely	do	not	share	a	common	atmosphere.	The
compactness	of	the	astrosphere	is	likely	due	to	the	low	mass	outflow	and	the	relatively	high	velocity	through	the	local	interstellar	medium.[53]61	Cygni	B	displays	a	more	chaotic	pattern	of	variability	than	A,	with	significant	short-term	flares.	There	is	an	11.7-year	periodicity	to	the	overall	activity	cycle	of	B.[51]	Both	stars	exhibit	stellar	flare	activity,
but	the	chromosphere	of	B	is	25%	more	active	than	for	61	Cygni	A.[54]	As	a	result	of	differential	rotation,	the	period	of	rotation	varies	by	latitude	from	32	to	47	days,	with	an	average	period	of	38	days.[52]There	is	some	disagreement	over	the	evolutionary	age	of	this	system.	Kinematic	data	gives	an	age	estimate	of	about	10Gyr.	Gyrochronology,	or	the
age	determination	of	a	star	based	on	its	rotation	and	color,	results	in	an	average	age	of	2.0	0.2	Gyr.	The	ages	based	on	chromospheric	activity	for	A	and	B	are	2.36Gyr	and	3.75Gyr,	respectively.	Finally	the	age	estimates	using	the	isochrone	method,	which	involve	fitting	the	stars	to	evolutionary	models,	yield	upper	limits	of	0.44Gyr	and	0.68Gyr.[55]
However,	a	2008	evolutionary	model	using	the	CESAM2k	code	from	the	Cte	d'Azur	Observatory	gives	an	age	estimate	of	6.0	1.0	Gyr	for	the	pair.[12]On	different	occasions,	it	has	been	claimed	that	61	Cygni	might	have	unseen	low-mass	companions,	planets	or	a	brown	dwarf.	Kaj	Strand	of	the	Sproul	Observatory,	under	the	direction	of	Peter	van	de
Kamp,	made	the	first	such	claim	in	1942	using	observations	to	detect	tiny	but	systematic	variations	in	the	orbital	motions	of	61	Cygni	A	and	B.	These	perturbations	suggested	that	a	third	body	of	about	16	Jupiter	masses	must	be	orbiting	61	Cygni	A.[56]	Reports	of	this	third	body	served	as	inspiration	for	Hal	Clement's	1953	science	fiction	novel
Mission	of	Gravity.[57]	In	1957,	van	de	Kamp	narrowed	his	uncertainties,	claiming	that	the	object	had	a	mass	of	eight	times	that	of	Jupiter,	a	calculated	orbital	period	of	4.8years,	and	a	semi-major	axis	of	2.4AU,	where	1AU	is	the	average	distance	from	the	Earth	to	the	Sun.[58]	In	1977,	Soviet	astronomers	at	the	Pulkovo	Observatory	near	Saint
Petersburg	suggested	that	the	system	included	three	planets:	two	giant	planets	with	six	and	twelve	Jupiter	masses	around	61	Cyg	A,[59]	and	one	giant	planet	with	seven	Jupiter	masses	around	61	Cygni	B.[60]In	1978,	Wulff-Dieter	Heintz	of	the	Sproul	Observatory	proved	that	these	claims	were	spurious,	as	they	were	unable	to	detect	any	evidence	of
such	motion	down	to	six	percent	of	the	Sun's	massequivalent	to	about	60	times	the	mass	of	Jupiter.[61][62]In	2018,	analysis	of	the	DR2	data	gathered	by	the	Gaia	space	telescope	revealed	significant	proper	motion	anomalies	in	the	orbits	of	the	binary	stars	around	each	other;	the	stars	were	not	quite	orbiting	around	their	centre	of	mass	with	61	Cygni
B	also	orbiting	too	slowly	for	its	assumed	mass.	These	anomalies	taken	together	are	indicative	of	the	possible	presence	of	a	perturbing	third	object	in	orbit	around	61	Cygni	B.[63]	However,	subsequent	works	found	the	astrometric	data	of	the	two	stars	to	be	consistent	with	a	binary	system	with	no	third	body.[64][9]The	habitable	zone	for	61	Cygni	A,
defined	as	the	locations	where	liquid	water	could	be	present	on	an	Earth-like	planet,	is	0.260.58AU.	For	61	Cygni	B,	the	habitable	zone	is	0.240.50	AU.[65]Since	no	certain	planetary	object	has	been	detected	around	either	star	so	far,	McDonald	Observatory	team	has	set	limits	to	the	presence	of	one	or	more	planets	around	61	Cygni	A	and	61	Cygni	B
with	masses	between	0.07	and	2.1Jupiter	masses	and	average	separations	spanning	between	0.05	and	5.2AU.[66]Because	of	the	proximity	of	this	system	to	the	Sun,	it	is	a	frequent	target	of	interest	for	astronomers.	Both	stars	were	selected	by	NASA	as	"Tier	1"	targets	for	the	proposed	optical	Space	Interferometry	Mission.[67]	This	mission	is
potentially	capable	of	detecting	planets	with	as	little	as	3times	the	mass	of	the	Earth	at	an	orbital	distance	of	2AU	from	the	star.Measurements	of	this	system	appeared	to	have	detected	an	excess	of	far	infrared	radiation,	beyond	what	is	emitted	by	the	stars.	Such	an	excess	is	sometimes	associated	with	a	disk	of	dust,	but	in	this	case	it	lies	sufficiently
close	to	one	or	both	of	the	stars	that	it	has	not	been	resolved	with	a	telescope.[68]	A	2011	study	using	the	Keck	Interferometer	Nuller	failed	to	detect	any	exozodiacal	dust	around	61	Cygni	A.[69]The	two	stars	are	among	five	(all	nearby	star)	paradigms	listed	among	those	K-type	stars	of	a	type	in	a	'sweet	spot'	between	Sun-analog	stars	and	M	stars	for
the	likelihood	of	evolved	life,	per	analysis	of	Giada	Arney	from	NASA's	Goddard	Space	Flight	Center.[70]List	of	nearest	starsBarnard's	Star^	By	convention,	limiting	visual	magnitude	of	6.0.^	Per	the	Rayleigh	criterion:	R	=	138	D	{\displaystyle	{\begin{matrix}\alpha	_{R}\	=\	{\frac	{138}{D}}\end{matrix}}}	mm.^	At	periapsis:	r	p	e	r	=	(	1	e	)	a	44
{\displaystyle	{\begin{matrix}r_{per}\	=\	(1\	-\	e)\cdot	a\	\approx	\	44\end{matrix}}}	AUAt	apoapsis:	r	a	p	=	(	1	+	e	)	a	124	{\displaystyle	{\begin{matrix}r_{ap}\	=\	(1\	+\	e)\cdot	a\	\approx	\	124\end{matrix}}}	AU^	a	b	c	d	e	f	Vallenari,	A.;	etal.	(Gaia	collaboration)	(2023).	"Gaia	Data	Release	3.	Summary	of	the	content	and	survey	properties".
Astronomy	and	Astrophysics.	674:	A1.	arXiv:2208.00211.	Bibcode:2023A&A...674A...1G.	doi:10.1051/0004-6361/202243940.	S2CID244398875.	Gaia	DR3	record	for	this	source	at	VizieR.^	a	b	Fischer,	Mark	(9	February	2019).	"61	Cygni".	Mark	Fisher.	Archived	from	the	original	on	9	February	2019.	Retrieved	9	February	2019.^	a	b	c	d	e	f	Vallenari,
A.;	etal.	(Gaia	collaboration)	(2023).	"Gaia	Data	Release	3.	Summary	of	the	content	and	survey	properties".	Astronomy	and	Astrophysics.	674:	A1.	arXiv:2208.00211.	Bibcode:2023A&A...674A...1G.	doi:10.1051/0004-6361/202243940.	S2CID244398875.	Gaia	DR3	record	for	this	source	at	VizieR.^	"61	Cygni".	The	Internet	Stellar	Database.	4	April	2011.
Archived	from	the	original	on	1	February	2020.	Retrieved	3	February	2019.^	a	b	c	d	Blanco,	C.;	Marilli,	E.;	Catalano,	S.	(5	January	1979).	"Photoelectric	observations	of	stars	with	variable	H	and	K	emission	components.	III".	Astronomy	and	Astrophysics	Supplement	Series.	36:	297306.	Bibcode:1979A&AS...36..297B.^	a	b	"SIMBAD	Query	Result:	61
Cyg	A	--	BY	Dra	Variable".	SIMBAD.	Centre	de	Donnes	astronomiques	de	Strasbourg.	Archived	from	the	original	on	20	January	2021.	Retrieved	3	February	2019.	(61	Cygni	A)^	a	b	"SIMBAD	Query	Result:	61	Cyg	B	--	High	Proper	Motion	Star".	SIMBAD.	Centre	de	Donnes	astronomiques	de	Strasbourg.	Archived	from	the	original	on	21	January	2021.
Retrieved	3	February	2019.	(61	Cygni	B)^	a	b	Kovtyukh,	V.	V.;	Soubiran,	C.;	Belik,	S.	I.;	Gorlova,	N.	I.	(December	2003).	"High	precision	effective	temperatures	for	181	F-K	dwarfs	from	line-depth".	Astronomy	and	Astrophysics.	411	(3):	559564.	arXiv:astro-ph/0308429.	Bibcode:2003A&A...411..559K.	doi:10.1051/0004-6361:20031378.
S2CID18478960.	See	Mv	values	in	Table	1,	p.	9.^	a	b	c	d	Giovinazzi,	Mark	R.;	Blake,	Cullen	H.;	Robertson,	Paul;	Lin,	Andrea	S.	J.;	Gupta,	Arvind	F.;	Mahadevan,	Suvrath;	Fernandes,	Rachel	B.;	Wright,	Jason	T.;	Gagliuffi,	Daniella	Bardalez	(18	May	2025).	"The	NEID	Earth	Twin	Survey.	II.	Dynamical	Masses	in	Seven	High-acceleration	Star	Systems".
The	Astronomical	Journal.	170	(1):	52.	arXiv:2505.12563.	Bibcode:2025AJ....170...52G.	doi:10.3847/1538-3881/add922.^	a	b	c	d	e	f	g	h	i	j	Soubiran,	C.;	Creevey,	O.	L.;	Lagarde,	N.;	Brouillet,	N.;	Jofr,	P.;	Casamiquela,	L.;	Heiter,	U.;	Aguilera-Gmez,	C.;	Vitali,	S.;	Worley,	C.;	de	Brito	Silva,	D.	(1	February	2024).	"Gaia	FGK	benchmark	stars:	Fundamental
Teff	and	log	g	of	the	third	version".	Astronomy	and	Astrophysics.	682:	A145.	arXiv:2310.11302.	Bibcode:2024A&A...682A.145S.	doi:10.1051/0004-6361/202347136.	ISSN0004-6361.	61	Cygni's	database	entry	at	VizieR.^	a	b	Olspert,	N.;	Lehtinen,	J.	J.;	etal.	(October	2018).	"Estimating	activity	cycles	with	probabilistic	methods.	II.	The	Mount	Wilson	Ca
H&K	data".	Astronomy	&	Astrophysics.	619:	A6.	arXiv:1712.08240.	Bibcode:2018A&A...619A...6O.	doi:10.1051/0004-6361/201732525.^	a	b	c	d	Kervella,	P.;	Mrand,	A.;	Pichon,	B.;	Thvenin,	F.;	Heiter,	U.;	Bigot,	L.;	Ten	Brummelaar,	T.	A.;	McAlister,	H.	A.;	Ridgway,	S.	T.;	Turner,	N.	(September	2008).	"The	radii	of	the	nearby	K5V	and	K7V	stars	61
Cygni	A	&	B.	CHARA/FLUOR	interferometry	and	CESAM2k	modeling".	Astronomy	and	Astrophysics.	488	(2):	667674.	arXiv:0806.4049.	Bibcode:2008A&A...488..667K.	doi:10.1051/0004-6361:200810080.	S2CID14830868.^	"SIMBAD	Query	Result:	61	Cyg	--	Double	or	Multiple	Star".	SIMBAD.	Centre	de	Donnes	astronomiques	de	Strasbourg.	Archived
from	the	original	on	1	February	2014.	Retrieved	3	February	2019.	(61	Cygni)^	a	b	de	Bruijne,	Jos	(13	May	2025).	"Gaia	DR3	sources	with	high	proper	motions	-	Image	of	the	Week	-	COSMOS	IoW_20250513".	Gaia.	Retrieved	21	May	2025.^	Wittenmyer,	R.	A.;	Endl,	M.;	Cochran,	W.D.;	Hatzes,	A.;	Walker,	G.	A.	H.;	Yang,	S.	L.	S.;	Paulson,	D.	B.	(2006).
"Detection	limits	from	the	McDonald	Observatory	planet	search	program".	Astronomical	Journal.	132	(1):	177188.	arXiv:astro-ph/0604171.	Bibcode:2006AJ....132..177W.	doi:10.1086/504942.	S2CID16755455.^	Allen,	Richard	Hinckley	(2003).	Star	Names	and	Their	Meanings.	Kessinger.	p.219.	ISBN978-0-7661-4028-8.^	Sun,	Xiaochun;	Kistemaker,
Jacob	(1997).	The	Chinese	Sky	During	the	Han:	Constellating	Stars	and	Society.	Brill.	Bibcode:1997csdh.book.....S.	ISBN978-90-04-10737-3.^	"Naming	Objects	Outside	the	Solar	System-Stars".	IAU.	Archived	from	the	original	on	25	July	2021.	Retrieved	3	February	2019.^	Kaler,	Jim	(8	July	2009).	"61	Cygni".	Stars.	Archived	from	the	original	on	21
January	2019.	Retrieved	3	February	2019.^	Flamsteed,	John	(1725).	Historia	Coelestis	Britannica.	Meere.	p.5.^	Dibon-Smith,	Richard	(1998).	The	Flamsteed	Collection.	Clear	Skies.	p.xi.^	"61	Cyg	(Piazzi's	Flying	Star)".	Science&Space	News.	Archived	from	the	original	on	4	February	2019.	Retrieved	20	February	2019.^	Covington,	Michael	(26



September	2002).	Celestial	Objects	for	Modern	Telescopes:	Practical	Amateur	Astronomy.	Cambridge	University	Press.	p.209.	ISBN978-0-521-52419-3.^	a	b	c	d	e	f	Hopkins,	Mary	Murray	(1	November	1916).	"The	Parallax	of	61	Cygni".	Journal	of	the	Royal	Astronomical	Society	of	Canada.	10:	498504.	Bibcode:1916JRASC..10..498H.^	Piazzi,	Giuseppe
(1803).	Prcipuarum	stellarum	inerrantium	positiones	mediae	ineunte	seculo	XIX:	ex	observationibus	habitis	in	specula	Panormitana	ab	anno	1792	ad	annum	1802.	Typis	regiis.	p.111.^	a	b	Fodera-Serio,	G.	(1990).	"Giuseppe	Piazzi	and	the	Discovery	of	the	Proper	Motion	of	61-Cygni".	Journal	for	the	History	of	Astronomy	(in	Latin).	21	(3):	275282.
Bibcode:1990JHA....21..275F.	doi:10.1177/002182869002100302.	S2CID117788717.^	Hirshfeld,	Alan	(2001).	Parallax:	The	Race	to	Measure	the	Cosmos.	Macmillan.	ISBN978-0-7167-3711-7.^	Bessel,	F.	W.	(1838).	"On	the	parallax	of	61	Cygni".	Monthly	Notices	of	the	Royal	Astronomical	Society.	4	(17):	152161.	Bibcode:1838MNRAS...4..152B.
doi:10.1093/mnras/4.17.152.^	Bessel,	F.	W.	(1838).	"Bestimmung	der	Entfernung	des	61sten	Sterns	des	Schwans"	[Determination	of	the	distance	to	61	Cygni].	Astronomische	Nachrichten	(in	German).	16	(365366):	6596.	Bibcode:1838AN.....16...65B.	doi:10.1002/asna.18390160502.	Archived	from	the	original	on	22	January	2021.	Retrieved	2	July
2019.^	Frommert,	Hartmut;	Kronberg,	Christine.	"Friedrich	Wilhelm	Bessel".	Students	for	the	Exploration	and	Development	of	Space.	Archived	from	the	original	on	4	February	2012.	Retrieved	3	April	2009.^	Hughes,	Stefan	(2012).	Catchers	of	the	Light.	ArtDeCiel	Publishing.	p.702.	ISBN978-1-62050-961-6.^	Bessel,	F.	W.	(1839).	"Bestimmung	der
Entfernung	des	61sten	Sterns	des	Schwans.	Von	Herrn	Geheimen	Rath	und	Ritter	Bessel"	[Determining	the	distance	of	the	61st	star	of	Cygnus.	From	Mr	Geheimen,	Rath	and	Ritter	Bessel].	Astronomische	Nachrichten	(in	German).	16	(56):	6596.	Bibcode:1838AN.....16...65B.	doi:10.1002/asna.18390160502.	Archived	from	the	original	on	22	January
2021.	Retrieved	2	July	2019.	(page	92)	Ich	bin	daher	der	Meinung,	da	nur	die	jhrliche	Parallaxe	=	0"3136	als	das	Resultat	der	bisherigen	Beobachtungen	zu	betrachten	ist^	a	b	Davis,	Merhan	S.	(1898).	"Remarks	regarding	the	parallaxes	of	61	Cygni	and	the	probable	physical	connection	of	these	two	stars".	Astrophysical	Journal.	8:	246247.
Bibcode:1898ApJ.....8..246D.	doi:10.1086/140527.^	Adams,	W.	S.;	Joy,	A.	H.	(1917).	"The	luminosities	and	parallaxes	of	five	hundred	stars".	Astrophysical	Journal.	46:	313339.	Bibcode:1917ApJ....46..313A.	doi:10.1086/142369.See	Table	I,	page	326^	Baize,	P.	(1950).	"Second	catalogue	d'orbites	d'Etoiles	Doubles	visuelles"	[Second	catalog	of	orbits	of
visual	double	stars].	Journal	des	Observateurs	(in	French).	33:	131.	Bibcode:1950JO.....33....1B.on	page	19,	the	authority	is	listed	as	Zagar	(1934).^	Boss,	Benjamin	(1911).	"Community	of	motion	among	several	stars	of	large	proper-motion".	Astronomical	Journal.	27	(629):	3337.	Bibcode:1911AJ.....27...33B.	doi:10.1086/103931.^	Eggen,	O.	J.	(1959).
"White	dwarf	members	of	the	61	Cygni	group".	The	Observatory.	79:	135139.	Bibcode:1959Obs....79..135E.	Gives	space	velocity	components	of	U=+94,	V=53	and	W=7	for	HD	201091/2.^	Sol	Company.	"System	Summary	Pi	Mensae".	Sol	Company.	Archived	from	the	original	on	3	June	2012.	Retrieved	1	May	2015.^	Howard,	Andrew	W.;	Fulton,
Benjamin	J.	(2016).	"Limits	on	Planetary	Companions	from	Doppler	Surveys	of	Nearby	Stars".	Publications	of	the	Astronomical	Society	of	the	Pacific.	128	(969).	114401.	arXiv:1606.03134.	Bibcode:2016PASP..128k4401H.	doi:10.1088/1538-3873/128/969/114401.	S2CID118503912.^	Espenak,	Fred	(25	July	1996).	"Twelve	Year	Planetary	Ephemeris:
19952006".	NASA.	Archived	from	the	original	on	5	December	2012.	Retrieved	3	February	2019.^	Adler,	Alan	(26	July	2006).	"More	Pretty	Double	Stars".	Sky	&	Telescope.	Sky	and	Telescope.	Archived	from	the	original	on	4	February	2019.	Retrieved	3	February	2019.^	Gudel,	M.	(1992).	"Radio	and	X-ray	emission	from	main-sequence	K	stars".
Astronomy	and	Astrophysics.	264	(2):	L31	L34.	Bibcode:1992A&A...264L..31G.^	Eggen,	Olin	J.	(October	1969),	"Stellar	Groups	in	the	Old	Disk	Population",	Publications	of	the	Astronomical	Society	of	the	Pacific,	81	(482):	553,	Bibcode:1969PASP...81..553E,	doi:10.1086/128823^	a	b	Staff	(7	August	2007).	"RECONS	Mission	Statement".	Research
Consortium	on	Nearby	Stars,	Georgia	State	University.	Archived	from	the	original	on	1	July	2007.	Retrieved	11	February	2019.^	Nave,	Rod.	"61	Cygni".	HyperPhysics.	Archived	from	the	original	on	29	March	2019.	Retrieved	3	February	2019.^	Garrison,	R.	F.	(December	1993).	"Anchor	Points	for	the	MK	System	of	Spectral	Classification".	Bulletin	of
the	American	Astronomical	Society.	25:	1319.	Bibcode:1993AAS...183.1710G.	Archived	from	the	original	on	25	June	2019.	Retrieved	4	February	2012.^	Johnson,	H.	L.;	Morgan,	W.	W.	(1953).	"Fundamental	stellar	photometry	for	standards	of	spectral	type	on	the	revised	system	of	the	Yerkes	spectral	atlas".	Astrophysical	Journal.	117:	313.
Bibcode:1953ApJ...117..313J.	doi:10.1086/145697.^	Keenan,	P.	C.;	McNeil,	R.	C.	(October	1989).	"The	Perkins	Catalog	of	Revised	MK	Types	for	the	Cooler	Stars".	Astrophysical	Journal	Supplement	Series.	71:	245266.	Bibcode:1989ApJS...71..245K.	doi:10.1086/191373.	S2CID123149047.^	"SIMBAD	Query	Result:	HD	201092".	SIMBAD.	Centre	de
Donnes	astronomiques	de	Strasbourg.	Archived	from	the	original	on	4	February	2019.	Retrieved	3	February	2019.^	Frick,	P.;	Baliunas,	S.	L.;	Galyagin,	D.;	Sokoloff,	D.;	Soon,	W.	(1997).	"Wavelet	Analysis	of	Chromospheric	Activity".	Astrophysical	Journal.	483	(1):	426434.	Bibcode:1997ApJ...483..426F.	doi:10.1086/304206.^	a	b	Hempelmann,	A.;
Schmitt,	J.	H.	M.	M.;	Baliunas,	S.	L.;	Donahue,	R.	A.	(2003).	"Evidence	for	coronal	activity	cycles	on	61	Cygni	A	and	B".	Astronomy	and	Astrophysics.	406	(2):	L39	L42.	Bibcode:2003A&A...406L..39H.	doi:10.1051/0004-6361:20030882.^	a	b	Bhm-Vitense,	Erika	(March	2007).	"Chromospheric	Activity	in	G	and	K	Main-Sequence	Stars,	and	What	It	Tells
Us	about	Stellar	Dynamos".	The	Astrophysical	Journal.	657	(1):	486493.	Bibcode:2007ApJ...657..486B.	doi:10.1086/510482.^	Wood,	Brian	E.;	Mller,	Hans-Reinhard;	Zank,	Gary	P.;	Linsky,	Jeffrey	L.	(July	2002).	"Measured	Mass-Loss	Rates	of	Solar-like	Stars	as	a	Function	of	Age	and	Activity".	The	Astrophysical	Journal.	574	(1):	412425.	arXiv:astro-
ph/0203437.	Bibcode:2002ApJ...574..412W.	doi:10.1086/340797.	S2CID1500425.^	Hempelmann,	A.;	Robrade,	J.;	Schmitt,	J.	H.	M.	M.;	Favata,	F.;	Baliunas,	S.	L.;	Hall,	J.	C.	(2006).	"Coronal	activity	cycles	in	61	Cygni".	Astronomy	and	Astrophysics.	460	(1):	261267.	Bibcode:2006A&A...460..261H.	doi:10.1051/0004-6361:20065459.^	Barnes,	Sydney	A.
(November	2007).	"Ages	for	Illustrative	Field	Stars	Using	Gyrochronology:	Viability,	Limitations,	and	Errors".	The	Astrophysical	Journal.	669	(2):	11671189.	arXiv:0704.3068.	Bibcode:2007ApJ...669.1167B.	doi:10.1086/519295.	S2CID14614725.^	Strand,	K.	Aa.	(1943).	"61	Cygni	as	a	Triple	System".	Publications	of	the	Astronomical	Society	of	the
Pacific.	55	(322):	2932.	Bibcode:1943PASP...55...29S.	doi:10.1086/125484.^	Darrell	Schweitzer;	Theodore	Sturgeon;	Alfred	Bester	(2009).	Science	Fiction	Voices	#1.	Wildside	Press	LLC.	p.64.	ISBN978-1-4344-0784-9.	Retrieved	3	February	2019.^	Strand,	K.	Aa.	(1957).	"The	orbital	motion	of	61	Cygni".	The	Astronomical	Journal.	62:	35.
Bibcode:1957AJ.....62Q..35S.	doi:10.1086/107588.^	Cumming,	A.;	Marcy,	G.	W.;	Butler,	R.	P.	(1999).	"The	Lick	planet	search:	detectability	and	mass	thresholds".	Astrophysical	Journal.	526	(2):	890915.	arXiv:astro-ph/9906466.	Bibcode:1999ApJ...526..890C.	doi:10.1086/308020.	S2CID12560512.^	Deich,	A.	N.	(1977).	"Invisible	companions	of	the
binary	star	61	Cygni".	Soviet	Astronomy.	21:	182188.	Bibcode:1977SvA....21..182D.^	Heintz,	W.	D.	(1978).	"Reexamination	of	suspected	unresolved	binaries".	The	Astrophysical	Journal.	220:	931934.	Bibcode:1978ApJ...220..931H.	doi:10.1086/155982.^	Walker,	G.	A.	H.;	Walker,	A.	R.;	Irwin,	A.	W.;	Larson,	A.	M.;	Yang,	S.	L.	S.;	Richardson,	D.	C.
(1995).	"A	search	for	Jupiter-mass	companions	to	nearby	stars".	Icarus.	116	(2):	359375.	Bibcode:1995Icar..116..359W.	doi:10.1006/icar.1995.1130.^	Kervella,	Pierre;	Arenou,	Frdric;	etal.	(2019).	"Stellar	and	substellar	companions	of	nearby	stars	from	Gaia	DR2".	Astronomy	&	Astrophysics.	623:	A72.	arXiv:1811.08902.	Bibcode:2019A&A...623A..72K.
doi:10.1051/0004-6361/201834371.	ISSN0004-6361.	S2CID119491061.	This	PMa	offset	between	61	Cyg	A	and	B	points	at	the	possible	presence	of	a	third	body	in	the	system,	likely	orbiting	around	61	Cyg	B.^	Izmailov,	I.	S.;	Apetyan,	A.	A.	(2024).	"Orbit	of	the	visual	binary	star	61	Cyg".	Astronomische	Nachrichten.	345	(1).
Bibcode:2024AN....34530004I.	doi:10.1002/asna.20230004.	ISSN0004-6337.	Retrieved	15	July	2025.^	Cantrell,	Justin	R.;	Henry,	Todd	J.;	White,	Russel	J.	(October	2013),	"The	Solar	Neighborhood	XXIX:	The	Habitable	Real	Estate	of	Our	Nearest	Stellar	Neighbors",	The	Astronomical	Journal,	146	(4):	99,	arXiv:1307.7038,	Bibcode:2013AJ....146...99C,
doi:10.1088/0004-6256/146/4/99,	S2CID44208180^	Wittenmyer,	R.	A.;	Endl,	M.;	Cochran,	W.D.;	Hatzes,	A.;	Walker,	G.	A.	H.;	Yang,	S.	L.	S.;	Paulson,	D.	B.	(May	2006).	"Detection	Limits	from	the	McDonald	Observatory	Planet	Search	Program".	The	Astronomical	Journal.	132	(1):	177188.	arXiv:astro-ph/0604171.	Bibcode:2006AJ....132..177W.
doi:10.1086/504942.	S2CID16755455.^	McCarthy,	Christopher	(2005).	"SIM	Planet	Search	Tier	1	Target	Stars".	San	Francisco	State	University.	Archived	from	the	original	on	4	August	2007.	Retrieved	23	July	2007.^	Kuchner,	Marc	J.;	Brown,	Michael	E.;	Koresko,	Chris	D.	(1998).	"An	11.6	Micron	Keck	Search	for	Exo-Zodiacal	Dust".	The	Publications
of	the	Astronomical	Society	of	the	Pacific.	110	(753):	13361341.	arXiv:astro-ph/0002040.	Bibcode:1998PASP..110.1336K.	doi:10.1086/316267.	S2CID119479494.^	Millan-Gabet,	R.;	Serabyn,	E.;	Mennesson,	B.;	Traub,	W.	A.;	Barry,	R.	K.;	Danchi,	W.	C.;	Kuchner,	M.;	Stark,	C.	C.;	Ragland,	S.;	Hrynevych,	M.;	Woillez,	J.;	Stapelfeldt,	K.;	Bryden,	G.;
Colavita,	M.	M.;	Booth,	A.	J.	(June	2011),	"Exozodiacal	Dust	Levels	for	Nearby	Main-sequence	Stars:	A	Survey	with	the	Keck	Interferometer",	The	Astrophysical	Journal,	734	(1):	67,	arXiv:1104.1382,	Bibcode:2011ApJ...734...67M,	doi:10.1088/0004-637X/734/1/67,	S2CID118614703.	See	Table	5,	p.	58.^	Bill	Steigerwald	(7	March	2019).	""Goldilocks"
Stars	May	Be	"Just	Right"	for	Finding	Habitable	Worlds".	NASA.	Archived	from	the	original	on	17	June	2019.	Retrieved	12	May	2020.	'I	find	that	certain	nearby	K	stars	like	61	Cyg	A/B,	Epsilon	Indi,	Groombridge	1618,	and	HD	156026	may	be	particularly	good	targets	for	future	biosignature	searches,'	said	Arney.Wikimedia	Commons	has	media	related
to	61	Cygni."61	Cygni	2".	SolStation.	Archived	from	the	original	on	15	July	2007.	Retrieved	16	July	2007.Kaler,	James	B.	"61	Cygni".	University	of	Illinois	at	UrbanaChampaign.	Archived	from	the	original	on	7	July	2007.	Retrieved	16	July	2007.Portals:	Astronomy	Stars	Outer	spaceRetrieved	from	"	3The	following	pages	link	to	61	Cygni	External
tools(link	counttransclusion	countsorted	list)	See	help	page	for	transcluding	these	entriesShowing	50	items.View	(previous	50	|	next	50)	(20	|	50	|	100	|	250	|	500)Astrometry	(links	|	edit)Alpha	Centauri	(links	|	edit)Altair	(links	|	edit)Cygnus	(constellation)	(links	|	edit)Exoplanet	(links	|	edit)Flamsteed	designation	(links	|	edit)Friedrich	Wilhelm	Bessel
(links	|	edit)History	of	astronomy	(links	|	edit)Main	sequence	(links	|	edit)Parsec	(links	|	edit)Procyon	(links	|	edit)Star	(links	|	edit)List	of	nearest	stars	(links	|	edit)Star	catalogue	(links	|	edit)Stellar	classification	(links	|	edit)Lists	of	stars	(links	|	edit)Tycho	Brahe	(links	|	edit)Tau	Ceti	(links	|	edit)Vega	(links	|	edit)61	Cygni	(links	|	edit)Binary	star	(links	|
edit)Albireo	(links	|	edit)Timeline	of	Solar	System	astronomy	(links	|	edit)Giuseppe	Piazzi	(links	|	edit)Geocentrism	(links	|	edit)Cygnus	X-1	(links	|	edit)Epsilon	Eridani	(links	|	edit)Outer	space	(links	|	edit)Teegarden's	Star	(links	|	edit)Andromeda:	A	Space-Age	Tale	(links	|	edit)Stellar	parallax	(links	|	edit)Friedrich	Georg	Wilhelm	von	Struve	(links	|
edit)Lacaille	9352	(links	|	edit)Ross	248	(links	|	edit)Ross	128	(links	|	edit)Kapteyn's	Star	(links	|	edit)Epsilon	Indi	(links	|	edit)Indus	(constellation)	(links	|	edit)61	Cygni	A	(redirect	page)	(links	|	edit)Proper	motion	(links	|	edit)Talk:61	Cygni	A	(links	|	edit)User:Tom.Reding/Pages	in	Category:Astronomy	(1/2)	(links	|	edit)User:Omer476/Books/STARS
catalogue	(links	|	edit)User:Tom.Reding/Redirects	in	Category:Astronomy	(2/2)	(links	|	edit)Template	talk:Convert/Archive	2	(links	|	edit)61	Cygni	B	(redirect	page)	(links	|	edit)Talk:61	Cygni	B	(links	|	edit)User:Tom.Reding/Pages	in	Category:Astronomy	(1/2)	(links	|	edit)User:Omer476/Books/STARS	catalogue	(links	|	edit)User:Tom.Reding/Redirects	in
Category:Astronomy	(2/2)	(links	|	edit)GJ	1061	(links	|	edit)Mesklin	(links	|	edit)Heliocentrism	(links	|	edit)Charles	Pritchard	(links	|	edit)Luyten's	Star	(links	|	edit)Tychonic	system	(links	|	edit)Thomas	Henderson	(astronomer)	(links	|	edit)North	America	Nebula	(links	|	edit)Deneb	(links	|	edit)1838	in	science	(links	|	edit)View	(previous	50	|	next	50)	(20
|	50	|	100	|	250	|	500)Retrieved	from	"	WhatLinksHere/61_Cygni"Paul	M.	Sutter	is	an	astrophysicist	at	SUNY	Stony	Brook	and	the	Flatiron	Institute,	host	of	Ask	a	Spaceman	and	Space	Radio,	and	author	of	How	to	Die	in	Space.	He	contributed	this	article	to	Space.com's	Expert	Voices:	Opinions	and	Insights.It's	easy	enough	to	say	what	a	star	is.	It's	one
of	those	bright	pointy	things	that	twinkle	in	the	night	sky.	But	beyond	that,	the	actual	definition	of	a	star	is	as	rich	and	colorful	as,	well,	the	stars	themselves.Star	facts:	The	basics	of	star	names	and	stellar	evolutionYou	may	like	A	star	is	bornFirst	off,	a	decent	enough	astrophysical	definition	of	a	star	is:	any	object	that	is	sufficiently	massive	that	it	can
ignite	the	fusion	of	elements	in	its	core	due	to	the	gravitational	pressures	inside	the	object	itself.The	smallest	object	that	we	know	of	today	that	is	capable	of	such	feats	is	around	10%	the	mass	of	our	sun.	In	the	far	future,	with	more	and	more	heavier	elements	adding	to	the	mix	and	polluting	the	interstellar	waterways,	fusion	will	be	possible	in	lower-
mass	objects,	but	that's	not	something	we	need	to	worry	about	today.The	smallest	stars	are	called	red	dwarfs,	because	they	are	red	and	small.	They	only	weakly	and	feebly	burn	hydrogen	in	their	cores	and	emit	radiation	primarily	in	the	infrared	part	of	the	electromagnetic	spectrum,	hence	their	dull	red	color.	They	are	by	far	the	most	common	star	in
the	Milky	Way	galaxy,	though	they	are	so	small	and	so	dim	that	even	our	nearest	neighbor	star,	Proxima	Centauri,	is	completely	invisible	to	the	naked	eye.The	next	category	up	in	stars	are	the	ones	like	our	sun.	Medium	mass,	medium	brightness,	medium	lives.	They	emit	radiation	throughout	the	visible	spectrum,	making	them	appear	nice	and	white
(yes,	our	sun	is	really	white,	but	filtered	through	our	blue	atmosphere	it	appears	slightly	yellow).Breaking	space	news,	the	latest	updates	on	rocket	launches,	skywatching	events	and	more!Above	that	you	have	the	giant	stars,	which	are	as	big	as	they	are	rare.	But	because	they	are	so	intensely	bright,	they	are	easy	to	spot.	For	example,	we	see	the
spiral	arms	of	galaxies	not	because	they	are	that	much	more	populated	than	the	spaces	in	between,	but	because	they	are	lit	up	like	Christmas	tree	lights	with	bright	stars.Almost	every	star	you	see	in	the	night	sky	is	much	larger	than	the	sun.	For	the	majority	of	their	lives,	the	biggest	stars	are	tinted	blue.	This	is	because	they	emit	so	much	energy	that
the	radiation	that	comes	out	is	actually	all	the	way	over	in	the	ultraviolet,	with	a	little	bit	of	the	emission	coming	out	in	the	blue	end	of	our	visible	range.Related:	How	to	tell	star	types	apart	(infographic)YouTubeWatch	On	The	main	sequenceBesides	the	small	red	stars,	the	medium	white	stars	and	the	big	blue	stars,	there	are	of	course	all	the	in-
between	stars,	and	some	strange	ones	that	are	both	large	and	red.	A	hundred	years	ago,	when	astronomers	were	first	cataloging	stars,	this	was	absolutely	a	confusing	mess,	with	apparently	no	rhyme	or	reason	between	a	star's	color	and	its	brightness	and	size.The	solution	came	with	what	we	now	call	the	Hertzsprung-Russell	diagram,	which	is	the
backbone	of	understanding	how	stars	live	even	today.	The	Hertzsprung-Russell	Russell	diagram	is	a	plot	of	the	temperature	of	a	star	(which	we	can	get	from	its	color)	and	its	brightness.If	you	take	a	whole	bunch	of	stars	and	plot	their	temperature	and	their	brightness,	with	one	point	for	each	star	on	the	diagram,	you	find	something	surprising.	It	turns
out	that	stars	don't	have	all	sorts	of	color	and	brightness	combinations.	Instead	there	is	a	stripe	running	diagonally	that	the	vast	majority	of	stars	live	on.	This	stripe	runs	from	the	dim,	red	end	to	the	bright,	blue	end.This	stripe	is	known	as	the	main	sequence,	and	stars	that	burn	hydrogen	in	their	cores	(the	primary	fuel	source	for	the	vast	majority	of	a
star's	life)	will	live	somewhere	on	this	stripe.	As	stars	age,	they	slowly	and	gently	move	up	the	track	along	the	main	sequence,	becoming	steadily	brighter	and	bluer	as	the	eons	go	by.How	long	they	live	on	that	track,	burning	hydrogen	in	their	cores,	depends	on	how	massive	they	are.	A	low-mass	red	dwarf	can	spend	trillions	of	years	on	the	main
sequence,	while	a	giant	star	bigger	than	our	sun	may	only	last	a	few	million	years	at	best.Once	hydrogen	fusion	ends	inside	of	the	core	of	a	star,	it	moves	off	the	main	sequence	and	evolves	in	different	directions.	Large	stars	become	red	giants,	which	occupy	their	own	positions	on	the	Hertzsprung-Russell	diagram.	Other	stars	might	zigzag	back	and
forth,	alternating	between	blueness	and	redness	as	heavy	elements	attempt	to	fuse	deep	in	their	hearts.Color	codingArmed	with	the	Hertzsprung-Russell	diagram,	we	can	see	what	truly	defines	a	star:	it's	an	object	that	lives	on	the	main	sequence	of	that	diagram.	It's	an	object	that	burns	hydrogen	and	steadily	evolves	along	that	narrow	strip
connecting	its	brightness	to	its	temperature.	Things	that	exist	outside	that	strip	are	either	giants	attempting	to	fuse	heavier	elements	in	a	futile	attempt	to	stay	burning,	or	dead	and	decaying	remnants	like	white	dwarfs	and	neutron	stars.That	Hertzsprung-Russell	diagram	is	the	unsung	hero	of	observational	astronomy.	With	it,	astronomers	can	spot	a
star,	measure	its	brightness	and	temperature,	and	know	exactly	where	in	its	life	cycle	it	is.	This	enables	them	to	predict	its	future	and	its	evolution.	Nature	rarely	affords	such	straightforward	insights,	but	stars	are	truly	special	cases	in	the	universe.The	vast	majority	of	matter	in	the	universe	is	strung	out	in	wispy	nebulas.	Stars	are	a	special,	unique
breed	a	temporary	object	powered	by	fusion.	This	fact	makes	them	oddly	easy	to	predict	and	understand.Learn	more	by	listening	to	the	episode	"What	is	a	star?"	on	the	Ask	A	Spaceman	podcast,	available	on	iTunes	and	on	the	Web	at	.	Thanks	to	Mitchell	L.	for	the	questions	that	led	to	this	piece!	Ask	your	own	question	on	Twitter	using
#AskASpaceman	or	by	following	Paul	@PaulMattSutter	and	facebook.com/PaulMattSutter.Follow	us	on	Twitter	@Spacedotcom	or	Facebook.Stars	are	huge	balls	of	hot,	glowing	gas	that	make	light	and	heat	through	fusion.Stars	come	in	different	sizes	and	colors,	and	each	one	has	a	life	cycle	like	our	Sun.As	stars	die,	they	spread	elements	in	space	that
help	make	new	stars,	planets,	and	life.	The	stars	have	always	intrigued	people,	probably	from	the	moment	our	earliest	ancestor	stepped	outside	and	looked	up	at	the	night	sky.	We	still	go	out	at	night,	when	we	can,	and	look	up,	wondering	about	those	twinkly	objects.	Scientifically,	they	are	the	basis	of	the	science	of	astronomy,	which	is	the	study	of
stars	(and	their	galaxies).	Stars	play	prominent	roles	in	science	fiction	movies	and	TV	shows	and	video	games	as	backdrops	for	adventure	tales.	So,	what	are	these	twinkling	points	of	light	that	seem	to	be	arranged	in	patterns	across	the	night	sky?	Stars	are	more	than	simply	objects	in	the	sky.	They	teach	us	about	the	workings	of	the	universe,	from	the
earliest	stars	to	the	current	ones.	People	have	long	used	star	charts	like	this	one	to	find	their	way	around	the	sky	at	night.	Stars	are	also	useful	navigational	aids	for	sailors	as	well	as	stargazers.Carolyn	Collins	Petersen	There	are	thousands	of	stars	visible	to	us	from	Earth,	particularly	if	we	do	our	observing	in	a	really	dark	sky	viewing	area).	However,
in	the	Milky	Way	alone,	there	are	hundreds	of	millions	of	them,	not	all	visible	to	people	on	Earth.	The	Millky	Way	is	not	only	home	to	all	those	stars,	it	contains	"stellar	nurseries"	where	newborn	stars	are	being	hatched	in	clouds	of	gas	and	dust.	All	stars	are	very,	very	far	away,except	for	the	Sun.	The	rest	are	outside	of	our	solar	system.	The	closest
one	to	us	is	called	Proxima	Centauri,	and	it	lies	4.2	light-years	away.	A	Hubble	Space	Telescope	view	of	Proxima	Centauri.NASA/ESA/STScI	Most	stargazers	who	have	observed	for	a	while	start	to	notice	that	some	stars	are	brighter	than	others.	Many	also	seem	to	have	a	faint	color.	Some	look	blue,	others	white,	and	still	others	faint	yellow	or	reddish
hues.	There	are	many	different	types	of	stars	in	the	universe.	Notice	the	two	slightly	different	colors	of	the	stars	that	make	up	Albireo,	the	double	star	in	the	nose	of	Cygnus	the	Swan.	They	can	be	easily	seen	through	binoculars	or	a	small	telescope.Courtesy	N.B.,	via	Wikimedia	Commons,	Attribution-Share	Alike	4.0	license.	We	bask	in	the	light	of	a
star	the	Sun.	It's	different	from	the	planets,	which	are	very	small	in	comparison	to	the	Sun,	and	are	usually	made	of	rock	(such	as	Earth	and	Mars)	or	cool	gases	(such	as	Jupiter	and	Saturn).	By	understanding	how	the	Sun	works,	astronomers	can	gain	a	deeper	insight	into	how	all	stars	work.	Conversely,	if	they	study	many	other	stars	throughout	their
lives,	it's	possible	to	figure	out	the	future	of	our	own	star,	too.	The	layered	structure	of	the	Sun	and	its	outer	surface	and	atmosphere	gives	astronomers	insights	into	how	other	stars	are	structured.NASA	Like	all	other	stars	in	the	universe,	the	Sun	is	ahuge,	bright	sphere	of	hot,	glowing	gas	held	together	by	its	own	gravity.	It	lives	in	the	Milky	Way
Galaxy,	along	with	approximately	400	billion	other	stars.	They	all	work	by	the	same	basic	principle:they	fuse	atoms	in	their	cores	to	make	heat	and	light.It's	how	a	star	works.	A	cutaway	of	the	interior	of	the	Sun.	Most	stars	have	similar	types	of	zones,	including	the	cores	where	nuclear	fusion	takes	place.NASA/MSFC	For	the	Sun,	this	means	that
atoms	of	hydrogen	are	slammed	together	under	high	heat	and	pressure.	The	result	is	a	helium	atom.	That	process	of	fusion	releases	heat	and	light.	This	process	is	called	"stellar	nucleosynthesis",	and	is	the	source	of	many	of	the	elements	in	the	universe	heavier	than	hydrogen	and	helium.	So,	from	stars	like	the	Sun,	the	future	universe	will	get	such
elements	as	carbon,	which	it	will	make	as	it	ages.	Very	"heavy"	elements,	such	as	gold	or	iron,	are	made	in	more	massive	stars	when	they	die,	or	even	the	catastrophic	collisions	of	neutron	stars.	How	does	a	star	do	this	"stellar	nucleosynthesis"	and	not	blow	itself	apart	in	the	process?The	answer:hydrostatic	equilibrium.That	means	gravity	of	the	star's
mass	(which	pulls	the	gases	inward)	is	balanced	by	the	outward	pressure	of	the	heat	and	lighttheradiation	pressurecreated	by	the	nuclear	fusion	taking	place	in	the	core.	This	fusionis	a	natural	process	and	takes	a	tremendous	amount	of	energy	to	initiate	enough	fusion	reactions	to	balance	the	force	of	gravity	in	a	star.	Astar's	core	needs	to	reach
temperatures	in	excess	of	about	10	million	Kelvin	to	start	fusing	hydrogen.	Our	Sun,	for	instance,	has	a	core	temperature	of	around	15	million	Kelvin.	A	star	that	consumes	hydrogen	to	form	helium	is	called	a	"main-sequence"	star	for	all	the	time	it	is	a	hydrogen-fusing	object.	When	it	uses	up	all	its	fuel,	the	core	contracts	because	the	outward
radiation	pressure	is	no	longer	enough	to	balance	the	gravitational	force.	The	core	temperature	rises	(because	it's	being	compressed)	and	that	gives	it	enough	"oomph"	to	start	fusing	helium	atoms,	whichbegin	to	form	into	carbon.	At	that	point,	the	star	becomes	a	red	giant.Later,	as	it	runs	out	of	fuel	and	energy,	the	star	contracts	in	on	itself,	and
becomes	a	white	dwarf.	The	next	phase	in	the	star's	evolution	depends	on	its	mass	because	that	dictates	how	it	will	end.	A	low-mass	star,	like	our	Sun,	has	a	different	fate	from	stars	with	higher	masses.	It	will	blow	off	its	outer	layers,	creating	a	planetary	nebula	with	a	white	dwarf	in	the	middle.	Astronomers	have	studied	many	other	stars	that	have
undergone	this	process,	which	gives	them	greater	insight	into	how	the	Sun	will	end	its	life	a	few	billion	years	from	now.	Could	our	Sun	end	its	life	looking	like	the	planetary	nebula	NGC	678?	Astronomers	suspect	that	it	may	well	do	so.ESO	High-mass	stars,	however,	are	different	from	the	Sun	in	many	ways.	They	live	short	lives	and	leave	behind
gorgeous	remains.	When	they	will	explode	as	supernovae,	they	blast	their	elements	to	space.	The	best	example	of	a	supernova	is	the	Crab	Nebula,	in	Taurus.The	core	of	the	original	star	is	left	behind	as	the	rest	of	its	material	is	blasted	to	space.	Eventually,	the	core	could	compress	to	become	a	neutron	star	or	a	black	hole.	Hubble	Space	Telescope's
view	of	the	Crab	Nebula	supernova	remnant.NASA/ESA/STScI	Stars	exist	in	billions	of	galaxies	across	the	universe.	They	are	an	important	part	of	the	evolution	of	the	cosmos.	They	were	the	first	objects	to	form	more	than	13	billion	years	ago,	and	they	comprised	the	earliest	galaxies.	When	they	died,	they	transformed	the	early	cosmos.	That's	because
all	those	elements	they	form	in	their	cores	get	returned	to	space	when	stars	die.	And,	those	elements	ultimately	combine	to	form	new	stars,	planets,	and	even	life!	That's	why	astronomers	often	say	that	we	are	made	of	"star	stuff".	Edited	by	Carolyn	Collins	Petersen.	Science	Astronomy	Ask	the	Chatbot	a	Question	star,	any	massive	self-luminous
celestial	body	of	gas	that	shines	by	radiation	derived	from	its	internal	energy	sources.	Of	the	tens	of	billions	of	trillions	of	stars	composing	the	observable	universe,	only	a	very	small	percentage	are	visible	to	the	naked	eye.	Many	stars	occur	in	pairs,	multiple	systems,	or	star	clusters.	The	members	of	such	stellar	groups	are	physically	related	through
common	origin	and	are	bound	by	mutual	gravitational	attraction.	Somewhat	related	to	star	clusters	are	stellar	associations,	which	consist	of	loose	groups	of	physically	similar	stars	that	have	insufficient	mass	as	a	group	to	remain	together	as	an	organization.(List	of	Brightest	Stars	as	Seen	from	Earth)This	article	describes	the	properties	and	evolution
of	individual	stars.	Included	in	the	discussion	are	the	sizes,	energetics,	temperatures,	masses,	and	chemical	compositions	of	stars,	as	well	as	their	distances	and	motions.	The	myriad	other	stars	are	compared	with	the	Sun,	strongly	implying	that	our	star	is	in	no	way	special.	imaging	using	ultraviolet	lightThe	Sun	as	imaged	in	extreme	ultraviolet	light
by	the	Earth-orbiting	Solar	and	Heliospheric	Observatory	(SOHO)	satellite.	A	massive	loop-shaped	eruptive	prominence	is	visible	at	the	lower	left.	Nearly	white	areas	are	the	hottest;	deeper	reds	indicate	cooler	temperatures.With	regard	to	mass,	size,	and	intrinsic	brightness,	the	Sun	is	a	typical	star.	Its	approximate	mass	is	2	1030	kg	(about	330,000
Earth	masses),	its	approximate	radius	700,000	km	(430,000	miles),	and	its	approximate	luminosity	4	1033	ergs	per	second	(or	equivalently	4	1023	kilowatts	of	power).	Other	stars	often	have	their	respective	quantities	measured	in	terms	of	those	of	the	Sun.	Learn	about	the	different	types	of	stars	categorized	according	to	their	mass	and	temperature	-
red	dwarfs,	red	giants,	supergiants,	white,	and	brown	dwarf	starsOverview	of	several	types	of	stars,	notably	the	red	dwarf,	red	giant,	supergiant,	white	dwarf,	and	brown	dwarf.See	all	videos	for	this	articleMany	stars	vary	in	the	amount	of	light	they	radiate.	Stars	such	as	Altair,	Alpha	Centauri	A	and	B,	and	Procyon	A	are	called	dwarf	stars;	their
dimensions	are	roughly	comparable	to	those	of	the	Sun.	Sirius	A	and	Vega,	though	much	brighter,	also	are	dwarf	stars;	their	higher	temperatures	yield	a	larger	rate	of	emission	per	unit	area.	Aldebaran	A,	Arcturus,	and	Capella	A	are	examples	of	giant	stars,	whose	dimensions	are	much	larger	than	those	of	the	Sun.	Observations	with	an	interferometer
(an	instrument	that	measures	the	angle	subtended	by	the	diameter	of	a	star	at	the	observers	position),	combined	with	parallax	measurements	(which	yield	a	stars	distance;	see	below	Determining	stellar	distances),	give	sizes	of	12	and	22	solar	radii	for	Arcturus	and	Aldebaran	A.	Betelgeuse	and	Antares	A	are	examples	of	supergiant	stars.	The	latter
has	a	radius	some	300	times	that	of	the	Sun,	whereas	the	variable	star	Betelgeuse	oscillates	between	roughly	300	and	600	solar	radii.	Several	of	the	stellar	class	of	white	dwarf	stars,	which	have	low	luminosities	and	high	densities,	also	are	among	the	brightest	stars.	Sirius	B	is	a	prime	example,	having	a	radius	one-thousandth	that	of	the	Sun,	which	is
comparable	to	the	size	of	Earth.	Also	among	the	brightest	stars	are	Rigel	A,	a	young	supergiant	in	the	constellation	Orion,	and	Canopus,	a	bright	beacon	in	the	Southern	Hemisphere	often	used	for	spacecraft	navigation.	The	Suns	activity	is	apparently	not	unique.	It	has	been	found	that	stars	of	many	types	are	active	and	have	stellar	winds	analogous	to
the	solar	wind.	The	importance	and	ubiquity	of	strong	stellar	winds	became	apparent	only	through	advances	in	spaceborne	ultraviolet	and	X-ray	astronomy	as	well	as	in	radio	and	infrared	surface-based	astronomy.	solar	flareOne	of	the	strongest	solar	flares	ever	detected,	in	an	extreme	ultraviolet	(false-colour)	image	of	the	Sun	taken	by	the	Solar	and
Heliospheric	Observatory	(SOHO)	satellite,	November	4,	2003.	Such	powerful	flares,	called	X-class	flares,	release	intense	radiation	that	can	temporarily	cause	blackouts	in	radio	communications	all	over	Earth.X-ray	observations	that	were	made	during	the	early	1980s	yielded	some	rather	unexpected	findings.	They	revealed	that	nearly	all	types	of	stars
are	surrounded	by	coronas	having	temperatures	of	one	million	kelvins	(K)	or	more.	Furthermore,	all	stars	seemingly	display	active	regions,	including	spots,	flares,	and	prominences	much	like	those	of	the	Sun	(see	sunspot;	solar	flare;	solar	prominence).	Some	stars	exhibit	starspots	so	large	that	an	entire	face	of	the	star	is	relatively	dark,	while	others
display	flare	activity	thousands	of	times	more	intense	than	that	on	the	Sun.	The	highly	luminous	hot,	blue	stars	have	by	far	the	strongest	stellar	winds.	Observations	of	their	ultraviolet	spectra	with	telescopes	on	sounding	rockets	and	spacecraft	have	shown	that	their	wind	speeds	often	reach	3,000	km	(roughly	2,000	miles)	per	second,	while	losing
mass	at	rates	up	to	a	billion	times	that	of	the	solar	wind.	The	corresponding	mass-loss	rates	approach	and	sometimes	exceed	one	hundred-thousandth	of	a	solar	mass	per	year,	which	means	that	one	entire	solar	mass	(perhaps	a	tenth	of	the	total	mass	of	the	star)	is	carried	away	into	space	in	a	relatively	short	span	of	100,000	years.	Accordingly,	the
most	luminous	stars	are	thought	to	lose	substantial	fractions	of	their	mass	during	their	lifetimes,	which	are	calculated	to	be	only	a	few	million	years.	Ultraviolet	observations	have	proved	that	to	produce	such	great	winds	the	pressure	of	hot	gases	in	a	corona,	which	drives	the	solar	wind,	is	not	enough.	Instead,	the	winds	of	the	hot	stars	must	be	driven
directly	by	the	pressure	of	the	energetic	ultraviolet	radiation	emitted	by	these	stars.	Aside	from	the	simple	realization	that	copious	quantities	of	ultraviolet	radiation	flow	from	such	hot	stars,	the	details	of	the	process	are	not	well	understood.	Whatever	is	going	on,	it	is	surely	complex,	for	the	ultraviolet	spectra	of	the	stars	tend	to	vary	with	time,
implying	that	the	wind	is	not	steady.	In	an	effort	to	understand	better	the	variations	in	the	rate	of	flow,	theorists	are	investigating	possible	kinds	of	instabilities	that	might	be	peculiar	to	luminous	hot	stars.	Observations	made	with	radio	and	infrared	telescopes	as	well	as	with	optical	instruments	prove	that	luminous	cool	stars	also	have	winds	whose
total	mass-flow	rates	are	comparable	to	those	of	the	luminous	hot	stars,	though	their	velocities	are	much	lowerabout	30	km	(20	miles)	per	second.	Because	luminous	red	stars	are	inherently	cool	objects	(having	a	surface	temperature	of	about	3,000	K,	or	half	that	of	the	Sun),	they	emit	very	little	detectable	ultraviolet	or	X-ray	radiation;	thus,	the
mechanism	driving	the	winds	must	differ	from	that	in	luminous	hot	stars.	Winds	from	luminous	cool	stars,	unlike	those	from	hot	stars,	are	rich	in	dust	grains	and	molecules.	Since	nearly	all	stars	more	massive	than	the	Sun	eventually	evolve	into	such	cool	stars,	their	winds,	pouring	into	space	from	vast	numbers	of	stars,	provide	a	major	source	of	new
gas	and	dust	in	interstellar	space,	thereby	furnishing	a	vital	link	in	the	cycle	of	star	formation	and	galactic	evolution.	As	in	the	case	of	the	hot	stars,	the	specific	mechanism	that	drives	the	winds	of	the	cool	stars	is	not	understood;	at	this	time,	investigators	can	only	surmise	that	gas	turbulence,	magnetic	fields,	or	both	in	the	atmospheres	of	these	stars
are	somehow	responsible.	Strong	winds	also	are	found	to	be	associated	with	objects	called	protostars,	which	are	huge	gas	balls	that	have	not	yet	become	full-fledged	stars	in	which	energy	is	provided	by	nuclear	reactions	(see	below	Star	formation	and	evolution).	Radio	and	infrared	observations	of	deuterium	(heavy	hydrogen)	and	carbon	monoxide
(CO)	molecules	in	the	Orion	Nebula	have	revealed	clouds	of	gas	expanding	outward	at	velocities	approaching	100	km	(60	miles)	per	second.	Furthermore,	high-resolution,	very-long-baseline	interferometry	observations	have	disclosed	expanding	knots	of	natural	maser	(coherent	microwave)	emission	of	water	vapour	near	the	star-forming	regions	in
Orion,	thus	linking	the	strong	winds	to	the	protostars	themselves.	The	specific	causes	of	these	winds	remain	unknown,	but	if	they	generally	accompany	star	formation,	astronomers	will	have	to	consider	the	implications	for	the	early	solar	system.	After	all,	the	Sun	was	presumably	once	a	protostar	too.	Astronomers	estimate	that	the	universe	could
contain	up	to	one	septillion	stars	thats	a	one	followed	by	24	zeros.	Our	Milky	Way	alone	contains	more	than	100	billion,	including	our	most	well-studied	star,	the	Sun.	Stars	are	giant	balls	of	hot	gas	mostly	hydrogen,	with	some	helium	and	small	amounts	of	other	elements.	Every	star	has	its	own	life	cycle,	ranging	from	a	few	million	to	trillions	of	years,
and	its	properties	change	as	it	ages.	Stars	form	in	large	clouds	of	gas	and	dust	called	molecular	clouds.	Molecular	clouds	range	from	1,000	to	10	million	times	the	mass	of	the	Sun	and	can	span	as	much	as	hundreds	of	light-years.	Molecular	clouds	are	cold	which	causes	gas	to	clump,	creating	high-density	pockets.	Some	of	these	clumps	can	collide
with	each	other	or	collect	more	matter,	strengthening	their	gravitational	force	as	their	mass	grows.	Eventually,	gravity	causes	some	of	these	clumps	to	collapse.	When	this	happens,	friction	causes	the	material	to	heat	up,	which	eventually	leads	to	the	development	of	a	protostar	a	baby	star.	Batches	of	stars	that	have	recently	formed	from	molecular
clouds	are	often	called	stellar	clusters,	and	molecular	clouds	full	of	stellar	clusters	are	called	stellar	nurseries.	At	first,	most	of	the	protostars	energy	comes	from	heat	released	by	its	initial	collapse.	After	millions	of	years,	immense	pressures	and	temperatures	in	the	stars	core	squeeze	the	nuclei	of	hydrogen	atoms	together	to	form	helium,	a	process
called	nuclear	fusion.	Nuclear	fusion	releases	energy,	which	heats	the	star	and	prevents	it	from	further	collapsing	under	the	force	of	gravity.	Astronomers	call	stars	that	are	stably	undergoing	nuclear	fusion	of	hydrogen	into	helium	main	sequence	stars.	This	is	the	longest	phase	of	a	stars	life.	The	stars	luminosity,	size,	and	temperature	will	slowly
change	over	millions	or	billions	of	years	during	this	phase.	Our	Sun	is	roughly	midway	through	its	main	sequence	stage.	A	stars	gas	provides	its	fuel,	and	its	mass	determines	how	rapidly	it	runs	through	its	supply,	with	lower-mass	stars	burning	longer,	dimmer,	and	cooler	than	very	massive	stars.	More	massive	stars	must	burn	fuel	at	a	higher	rate	to
generate	the	energy	that	keeps	them	from	collapsing	under	their	own	weight.	Some	low-mass	stars	will	shine	for	trillions	of	years	longer	than	the	universe	has	currently	existed	while	some	massive	stars	will	live	for	only	a	few	million	years.	At	the	beginning	of	the	end	of	a	stars	life,	its	core	runs	out	of	hydrogen	to	convert	into	helium.	The	energy
produced	by	fusion	creates	pressure	inside	the	star	that	balances	gravitys	tendency	to	pull	matter	together,	so	the	core	starts	to	collapse.	But	squeezing	the	core	also	increases	its	temperature	and	pressure,	making	the	star	slowly	puff	up.	However,	the	details	of	the	late	stages	of	the	stars	death	depend	strongly	on	its	mass.	A	low-mass	stars
atmosphere	will	keep	expanding	until	it	becomes	a	subgiant	or	giant	star	while	fusion	converts	helium	into	carbon	in	the	core.	(This	will	be	the	fate	of	our	Sun,	in	several	billion	years.)	Some	giants	become	unstable	and	pulsate,	periodically	inflating	and	ejecting	some	of	their	atmospheres.	Eventually,	all	the	stars	outer	layers	blow	away,	creating	an
expanding	cloud	of	dust	and	gas	called	a	planetary	nebula.	All	thats	left	of	the	star	is	its	core,	now	called	a	white	dwarf,	a	roughly	Earth-sized	stellar	cinder	that	gradually	cools	over	billions	of	years.	A	high-mass	star	goes	further.	Fusion	converts	carbon	into	heavier	elements	like	oxygen,	neon,	and	magnesium,	which	will	become	future	fuel	for	the
core.	For	the	largest	stars,	this	chain	continues	until	silicon	fuses	into	iron.	These	processes	produce	energy	that	keeps	the	core	from	collapsing,	but	each	new	fuel	buys	it	less	and	less	time.	The	whole	process	takes	just	a	few	million	years.	By	the	time	silicon	fuses	into	iron,	the	star	runs	out	of	fuel	in	a	matter	of	days.	The	next	step	would	be	fusing
iron	into	some	heavier	element	but	doing	so	requires	energy	instead	of	releasing	it.	The	stars	iron	core	collapses	until	forces	between	the	nuclei	push	the	brakes,	then	it	rebounds.	This	change	creates	a	shock	wave	that	travels	outward	through	the	star.	The	result	is	a	huge	explosion	called	a	supernova.	The	core	survives	as	an	incredibly	dense
remnant,	either	a	neutron	star	or	a	black	hole.	Material	cast	into	the	cosmos	by	supernovae	and	other	stellar	events	will	enrich	future	molecular	clouds	and	become	incorporated	into	the	next	generation	of	stars.	I	love	simple	questions	that	wind	up	having	complicatedor	at	least	not	straightforwardanswers.	Astronomers	twist	themselves	into	knots,	for
example,	trying	to	define	what	a	planet	is,	even	though	it	seems	like	youd	know	one	when	you	see	it.	The	same	is	true	for	moons;	in	fact,	the	International	Astronomical	Union,	the	official	keeper	of	names	and	definitions	for	celestial	objects,	doesnt	even	try	to	declare	what	a	moon	is.	Thats	probably	for	the	best	because	that,	too,	is	not	so	easy.What
about	stars,	though?	Do	they	also	confound	any	sort	of	palatable	definition?In	a	very	broad	sense,	a	star	is	simply	one	of	those	twinkling	points	of	light	you	can	see	in	the	night	sky.	But	thats	not	terribly	satisfying	in	either	lexicological	or	physical	terms.	After	all,	we	also	know	the	sun	is	a	starbut,	by	definition,	we	never	see	it	in	Earths	night	sky,	and
its	certainly	not	a	dot	(unless	youre	viewing	it	from	well	past	Pluto,	that	is).On	supporting	science	journalismIf	you're	enjoying	this	article,	consider	supporting	our	award-winning	journalism	by	subscribing.	By	purchasing	a	subscription	you	are	helping	to	ensure	the	future	of	impactful	stories	about	the	discoveries	and	ideas	shaping	our	world	today.If
such	a	basic	definition	leaves	us	a	bit	dry,	then	perhaps	we	can	do	better.	From	centuries	of	scientific	observations	and	theoretical	physics,	we	can	say	more.	Stars	are	massive,	hot	and	roughly	spherical.	Theyre	held	together	by	their	own	gravity,	and	they	consist	of	plasma	(gas	heated	so	much	that	electrons	are	stripped	from	its	constituent	atoms).
And,	of	course,	theyre	luminous.	They	shine,	which	is	probably	their	most	basic	characteristic.Thats	descriptive,	certainly,	but	still	doesnt	really	tell	us	what	a	star	is.	What	makes	one	different	from,	say,	a	planet?	Can	there	be	a	smallest	star	or	a	biggest	one?To	sensibly	answer	such	questions,	we	need	to	understand	the	core	mechanism	that	makes	a
star	luminous	in	the	first	place.	Then	we	can	use	that	understanding	to	better	define	what	is	or	isnt	a	star.Historically,	astronomers	were	in	the	dark	about	this	for	quite	some	time.	Many	mechanisms	were	proposed,	but	it	wasnt	until	the	early	20th	century	that	quantum	mechanics	came	to	the	rescue	and	introduced	humanity	(for	better	or	worse)	to
the	concept	of	nuclear	fusion.	In	this	process,	subatomic	particles	such	as	protons	and	neutronsand	even	entire	atomic	nucleicould	be	smashed	together,	fusing	to	form	heavier	nuclei	and	releasing	an	enormous	amount	of	energy.In	a	stars	core,	fusion	takes	terrific	temperature	and	pressure	that	is	provided	by	the	crushing	gravity	of	the	stars
overlying	mass.	For	a	star	to	be	relatively	stable,	the	outward	force	of	the	energy	generated	by	fusion	in	its	core	must	be	balanced	by	the	inward	pull	of	the	stars	gravity.There	are	a	couple	of	different	pathways	for	fusion	to	occur	in	stars	like	the	sun,	but	in	the	end	they	both	yield	essentially	the	same	result:	four	hydrogen	nuclei	(each	a	single	proton)
plus	various	other	subatomic	particles	fuse	together	to	form	a	helium	nucleus,	and	this	process	blasts	out	a	lot	of	high-energy	radiation	as	a	byproduct.	In	the	sun,	this	process	converts	about	620	million	metric	tons	of	hydrogen	into	helium	every	second.	That	creates	enough	energy	to,	well,	power	a	star.A	critical	aspect	here	is	that	once	this	reaction
starts	in	a	stars	core,	it	keeps	going	as	long	as	there	is	enough	nuclear	material	to	fuel	it.	And	while	fusing	through	hundreds	of	millions	of	metric	tons	per	second	sounds	like	a	lot	to	you	and	me,	to	a	star,	this	is	an	infinitesimally	tiny	fraction	of	its	mass,	allowing	it	to	keep	shining	for	billions	of	years.So	now	we	can	say	with	more	confidence	what	a
star	is:	a	huge	gravitationally	bound	mass	of	luminous	plasma	in	which	the	energy	generated	from	sustained	nuclear	fusion	in	its	core	is	balanced	by	gravity.	Huzzah!Except	(and	you	knew	an	except	was	coming)	theres	a	lower	limit	to	the	temperature	and	pressure	needed	to	sustain	fusion.For	normal	stars,	its	about	75	times	the	mass	of	Jupiter,	or
one	twelfth	the	mass	of	the	sun.	Below	that	mass,	theres	not	enough	pressure	to	kick-start	the	fusion	process.	But	you	might	notice	that	no	one	is	eagerly	declaring	anything	dozens	of	times	heftier	than	Jupiter	to	be	a	planet,	either.	In	general,	middling	objects	too	massive	to	be	planets	but	too	lightweight	to	be	stars	are	called	brown	dwarfs.This	is
where	things	get	fuzzybecause	it	turns	out	that	brown	dwarfs	can	sustain	certain	sorts	of	fusion	reactions,	too.	For	example,	they	fuse	deuterium,	an	isotope	of	hydrogen	with	an	extra	neutron	in	its	atomic	nucleus.	Some	can	even	fuse	lithium	with	protons	to	form	beryllium,	and	both	these	processes	can	occur	at	lower	temperatures	and	pressures	than
the	standard	single-proton	hydrogen	fusion	I	described	earlier.	Brown	dwarfs	can	sustain	such	conditions	in	their	core,	albeit	only	for	mere	tens	of	millions	of	years	or	so.	But	the	question	remains:	Are	these	objects	stars?For	simplicitys	sake,	astronomers	would	prefer	to	keep	brown	dwarfs	in	their	own	group	and	not	call	them	stars.	(Perhaps	we
could	say	they	go	through	a	brief	stellar	phase	of	fusion	after	theyre	born.)	So	most	of	us	would	say	that	a	star	has	to	have	sustained	single-proton	hydrogen	fusion.	Its	still	a	little	bit	arbitraryafter	all,	even	this	fusion	eventually	stops,	though	that	might	take	up	to	several	trillion	years	for	some	slow-burning	stars.	But	setting	this	clear	limit	does	make
some	sense.Stars	have	an	upper	limit	on	their	mass,	too.	More	massive	stars	gravitationally	squeeze	their	core	even	harder,	which	can	vastly	increase	the	rate	of	fusion	reactions.	But	that,	in	turn,	hugely	ramps	up	energy	production,	making	the	star	hotter	and	brighter.	If	the	star	gets	too	massive,	it	can	become	so	luminous	that	it	literally	tears	itself
apart.	That	limit	isnt	well	defined,	but	its	somewhere	in	the	neighborhood	of	200	times	the	mass	of	the	sun.	We	do	see	stars	near	this	upper	bound,	such	as	Eta	Carinae,	and	they	are	violently	unstable,	wracked	by	stellar	paroxysms	that	blow	out	gas	in	humongous	eruptions.What	happens,	then,	after	a	star	exhausts	its	nuclear	fuel?	Eventually	the
hydrogen	runs	out,	leaving	behind	a	core	made	of	helium.	This	can	get	very	complicated,	but	some	massive	stars	can	then	fuse	that	helium	into	heavier	elements	and	those	elements	into	heavier	ones	yet.	For	true	stellar	heavyweightsstars	with	more	than	about	eight	times	the	suns	massthe	end	comes	as	a	catastrophic	supernova	explosion	that	leaves
behind	a	neutron	star	or	black	hole.	Smaller,	more	sunlike	stars	have	a	more	sedate	demise	that	eventually	blows	off	their	outer	layers	to	expose	their	dense,	hot	core	to	space.	We	call	these	slow-cooling	stellar	corpses	white	dwarfs.Besides	black	holeswhich	are	so	extreme	they	merit	a	category	all	their	ownastronomers	tend	to	refer	to	these	stellar
remnants	as	stars,	but	the	lexicology	there	is	hazier.	These	objects	used	to	be	a	part	of	a	star	that	once	sustained	fusion	but	not	anymore.	So	while	we	may	call	them	stars,	we	know	theyre	distinguished	from	regular	stars	like	the	sun.	Its	a	little	confusing	to	laypeople,	but	astronomers	have	all	sorts	of	terms	that	began	with	good	intentions	but	are	now
outdated	or	should	be	deprecated.That	makes	sense;	after	all,	the	principal	principle	of	science	is	that	it	learns.	We	get	more	data	and	we	change	our	mind,	though	the	terms	we	use	may	take	a	while	to	catch	up.	So	for	now	were	stuck	with	some	words	that	will	possibly	(hopefully)	fall	out	of	use	in	the	future.Planets,	moons,	stars:	astronomers	know
the	difference	and	know	that	at	the	edges,	these	terms	can	bleed	into	one	another.	Despite	the	fuzzy	borders	of	these	categories,	recognizing	the	distinctions	between	the	objects	within	them	is	what	helps	us	understand	the	universe	even	better.
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