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This	is	the	timeline	of	Jupiter,	and	we're	gonna	show	you	the	timeline:4.6	Billion	Years	AgoJupiter's	core	formed4.5	Billion	Years	AgoJupiter	began	growing	collecting	gas	from	his	surroundings4	Billion	Years	AgoJupiter	developed	a	circumplanetary	diskSeveral	moons	formed	but	crashed	back	into	Jupiter	due	to	frictionJupiter	gained	Io,	Europa,
Ganymede,	and	CallistoJupiter	gained	other	moons	by	capturing	themJupiter	throws	asteroids	into	the	Inner	Solar	System	with	his	gravity,	these	asteroids	brought	Earth	the	things	she	needed	for	life.Jupiter	ejected	Planet	9Jupiter	is	the	largest	planet	in	the	Solar	SystemHe	possibly	was	double	the	size	of	today3.8	Billion	Years	AgoJupiter	started
protecting	Earth's	life	from	potentially	dangerous	asteroids	and	comets350	Years	AgoJupiter	gained	its	Great	Red	Spot1992A	comet	called	Shoemaker-Levy	9	crashed	into	Jupiter,	which	broke	out	into	21	piecesTodaySince	2016,	Juno	started	orbiting	Jupiter,	revealing	some	of	his	mysteriesJupiter	is	now	the	5th	planet	from	the	SunJupiter	is	shrinking
by	2	cm	per	yearFuture:20	Years	From	NowJupiter	loses	its	Great	Red	SpotFew	Million	Years	From	NowJupiter	stops	shrinking	and	gained	a	constant	size5	Billion	Years	From	NowJupiter	will	be	the	3rd	planet	from	the	SunJupiter	will	be	hotterJupiter	has	expandedJupiter	will	gain	enhanced	auroraFifth	planet	from	the	SunThis	article	is	about	the
planet.	For	the	Roman	god,	see	Jupiter	(god).	For	other	uses,	see	Jupiter	(disambiguation).JupiterJupiter	in	true	colour,[a]	taken	by	the	Hubble	Space	Telescope	in	January	2024[b]DesignationsPronunciation/duptr/	[2]Named	afterJupiterAdjectivesJovian	(/dovin/)SymbolOrbital	characteristics[3]Epoch	J2000Aphelion5.4570AU
(816.363millionkm)Perihelion4.9506AU	(740.595millionkm)Semi-major	axis5.2038AU	(778.479millionkm)Eccentricity0.0489Orbital	period	(sidereal)11.862yr4,332.59d10,476.8Jovian	solar	days[4]Orbital	period	(synodic)398.88dAverage	orbital	speed13.06km/sMean	anomaly20.020[5]Inclination1.303	to	ecliptic[5]6.09	to	Sun's	equator[5]0.32	to
invariable	plane[6]Longitudeof	ascendingnode100.464Timeof	perihelionJanuary	21,	2023[7]Argumentof	perihelion273.867[5]Known	satellites97	(as	of	2025[update])[8]Physical	characteristics[3][9][10]Mean	radius69911km[c]10.973	of	Earth'sEquatorial	radius71492km[c]11.209	of	Earth's0.10276	of	Sun'sPolar	radius66854km[c]10.517	of
Earth'sFlattening0.06487Surface	area6.14691010km2120.4	of	Earth'sVolume1.43131015km3[c]1,321	of	Earth'sMass1.89821027kg317.8	of	Earth's0.00095	of	Sun's[11]Mean	density1.326g/cm3[d]Surface	gravity24.79m/s22.528g0[c][12]Moment	of	inertia	factor0.27560.0006[13]Escape	velocity59.5km/s[c]Synodic	rotation	period9.9258h	(9	h	55m	33
s)[4]Sidereal	rotation	period9.9250	hours	(9	h	55m	30	s)Equatorial	rotationvelocity12.6km/sAxial	tilt3.13	(to	orbit)Northpole	right	ascension268.057;	17h	52m	14s[14]Northpole	declination64.495[14]Albedo0.503	(Bond)[15]0.538	(geometric)[16]Temperature88K	(185C)	(blackbody	temperature)Surface	temp.minmeanmax1	bar165	K0.1	bar78	K128
KApparent	magnitude2.94[17]	to	1.66[17]Absolute	magnitude(H)9.4[18]Angular	diameter29.8"	to	50.1"Atmosphere[3]Surface	pressure200600kPa	(3090psi)(opaque	cloud	deck)[19]Scale	height27km	(17mi)Composition	by	volume89%2.0%	hydrogen10%2.0%	helium0.3%0.1%	methane0.026%0.004%	ammonia0.0028%0.001%	hydrogen
deuteride0.0006%0.0002%	ethane0.0004%0.0004%	waterJupiter	is	the	fifth	planet	from	the	Sun	and	the	largest	in	the	Solar	System.	It	is	a	gas	giant	with	a	mass	more	than	2.5	times	that	of	all	the	other	planets	in	the	Solar	System	combined	and	slightly	less	than	one-thousandth	the	mass	of	the	Sun.	Its	diameter	is	11	times	that	of	Earth	and	a	tenth
that	of	the	Sun.	Jupiter	orbits	the	Sun	at	a	distance	of	5.20AU	(778.5Gm),	with	an	orbital	period	of	11.86years.	It	is	the	third-brightest	natural	object	in	the	Earth's	night	sky,	after	the	Moon	and	Venus,	and	has	been	observed	since	prehistoric	times.	Its	name	derives	from	that	of	Jupiter,	the	chief	deity	of	ancient	Roman	religion.Jupiter	was	the	first	of
the	Sun's	planets	to	form,	and	its	inward	migration	during	the	primordial	phase	of	the	Solar	System	affected	much	of	the	formation	history	of	the	other	planets.	Jupiter's	atmosphere	consists	of	76%	hydrogen	and	24%	helium	by	mass,	with	a	denser	interior.	It	contains	trace	elements	and	compounds	like	carbon,	oxygen,	sulfur,	neon,	ammonia,	water
vapour,	phosphine,	hydrogen	sulfide,	and	hydrocarbons.	Jupiter's	helium	abundance	is	80%	of	the	Sun's,	similar	to	Saturn's	composition.The	outer	atmosphere	is	divided	into	a	series	of	latitudinal	bands,	with	turbulence	and	storms	along	their	interacting	boundaries;	the	most	obvious	result	of	this	is	the	Great	Red	Spot,	a	giant	storm	that	has	been
recorded	since	1831.	Because	of	its	rapid	rotation	rate,	one	turn	in	ten	hours,	Jupiter	is	an	oblate	spheroid;	it	has	a	slight	but	noticeable	6.5%[e]	bulge	around	the	equator	compared	to	its	poles.	Its	internal	structure	is	believed	to	consist	of	an	outer	mantle	of	fluid	metallic	hydrogen	and	a	diffuse	inner	core	of	denser	material.	The	ongoing	contraction
of	Jupiter's	interior	generates	more	heat	than	the	planet	receives	from	the	Sun.	Jupiter's	magnetic	field	is	the	strongest	and	second-largest	contiguous	structure	in	the	Solar	System,	generated	by	eddy	currents	within	the	fluid,	metallic	hydrogen	core.	The	solar	wind	interacts	with	the	magnetosphere,	extending	it	outward	and	affecting	Jupiter's
orbit.At	least	97	moons	orbit	the	planet;	the	four	largest	moonsIo,	Europa,	Ganymede,	and	Callistoorbit	within	the	magnetosphere	and	are	visible	with	common	binoculars.	Ganymede,	the	largest	of	the	four,	is	larger	than	the	planet	Mercury.	Jupiter	is	surrounded	by	a	faint	system	of	planetary	rings.	The	rings	of	Jupiter	consist	mainly	of	dust	and	have
three	main	segments:	an	inner	torus	of	particles	known	as	the	halo,	a	relatively	bright	main	ring,	and	an	outer	gossamer	ring.	The	rings	have	a	reddish	colour	in	visible	and	near-infrared	light.	The	age	of	the	ring	system	is	unknown,	possibly	dating	back	to	Jupiter's	formation.	Since	1973,	Jupiter	has	been	visited	by	nine	robotic	probes:	seven	flybys	and
two	dedicated	orbiters,	with	two	more	en	route.	Jupiter-like	exoplanets	have	also	been	found	in	other	solar	systems.In	both	the	ancient	Greek	and	Roman	civilizations,	Jupiter	was	named	after	the	chief	god	of	the	divine	pantheon:	Zeus	to	the	Greeks	and	Jupiter	to	the	Romans.[20]	The	International	Astronomical	Union	formally	adopted	the	name
Jupiter	for	the	planet	in	1976	and	has	since	named	its	newly	discovered	satellites	for	the	god's	lovers,	favourites,	and	descendants.[21]	The	planetary	symbol	for	Jupiter,	,	descends	from	a	Greek	zeta	with	a	horizontal	stroke,	,	as	an	abbreviation	for	Zeus.[22][23]In	Latin,	Iovis	is	the	genitive	case	of	Iuppiter,	i.e.	Jupiter.	It	is	associated	with	the
etymology	of	Zeus	('sky	father').	The	English	equivalent,	Jove,	is	known	to	have	come	into	use	as	a	poetic	name	for	the	planet	around	the	14th	century.[24]Jovian	is	the	adjectival	form	of	Jupiter.	The	older	adjectival	form	jovial,	employed	by	astrologers	in	the	Middle	Ages,	has	come	to	mean	'happy'	or	'merry',	moods	ascribed	to	Jupiter's	influence	in
astrology.[25]The	original	Greek	deity	Zeus	supplies	the	root	zeno-,	which	is	used	to	form	some	Jupiter-related	words,	such	as	zenography.[f]Main	article:	Grand	tack	hypothesisSee	also:	Formation	and	evolution	of	the	Solar	SystemJupiter	is	believed	to	be	the	oldest	planet	in	the	Solar	System,	having	formed	just	one	million	years	after	the	Sun	and
roughly	50	million	years	before	Earth.[26]	Current	models	of	Solar	System	formation	suggest	that	Jupiter	formed	at	or	beyond	the	snow	line:	a	distance	from	the	early	Sun	where	the	temperature	was	sufficiently	cold	for	volatiles	such	as	water	to	condense	into	solids.[27]	First	forming	a	solid	core,	the	planet	then	accumulated	its	gaseous	atmosphere.
Therefore,	the	planet	must	have	formed	before	the	solar	nebula	was	fully	dispersed.[28]	During	its	formation,	Jupiter's	mass	gradually	increased	until	it	had	20	times	the	mass	of	the	Earth,	approximately	half	of	which	was	made	up	of	silicates,	ices	and	other	heavy-element	constituents.[26]	When	the	proto-Jupiter	grew	larger	than	50	Earth	masses	it
created	a	gap	in	the	solar	nebula.[26]	Thereafter,	the	growing	planet	reached	its	final	mass	in	34million	years.[26][28]	Since	Jupiter	is	made	of	the	same	elements	as	the	Sun	(hydrogen	and	helium)	it	has	been	suggested	that	the	Solar	System	might	have	been	a	system	of	multiple	protostars	early	in	its	formation,	with	Jupiter	being	the	second	but
failed	protostar.	But	the	Solar	System	never	developed	into	a	system	of	multiple	stars	and	Jupiter	does	not	qualify	as	a	protostar	or	brown	dwarf	since	it	does	not	have	enough	mass	to	fuse	hydrogen.[29][30]According	to	the	"grand	tack	hypothesis",	Jupiter	began	to	form	at	a	distance	of	roughly	3.5AU	(520millionkm;	330millionmi)	from	the	Sun.	As	the
young	planet	accreted	mass,	its	interaction	with	the	gas	disk	orbiting	the	Sun	and	the	orbital	resonances	from	Saturn	caused	it	to	migrate	inwards.[27][31]	This	upset	the	orbits	of	several	super-Earths	orbiting	closer	to	the	Sun,	causing	them	to	collide	destructively.[32]	Saturn	would	later	have	begun	to	migrate	inwards	at	a	faster	rate	than	Jupiter
until	the	two	planets	became	captured	in	a	3:2	mean	motion	resonance	at	approximately	1.5AU	(220millionkm;	140millionmi)	from	the	Sun.[33]	This	changed	the	direction	of	migration,	causing	them	to	migrate	away	from	the	Sun	and	out	of	the	inner	system	to	their	current	locations.[32]	All	of	this	happened	over	a	period	of	36million	years,	with	the
final	migration	of	Jupiter	occurring	over	several	hundred	thousand	years.[31][34]	Jupiter's	migration	from	the	inner	Solar	System	eventually	allowed	the	inner	planetsincluding	Earthto	form	from	the	rubble.[35]There	are	several	unresolved	issues	with	the	grand	tack	hypothesis.	The	resulting	formation	timescales	of	terrestrial	planets	appear	to	be
inconsistent	with	the	measured	elemental	composition.[36]	Jupiter	would	likely	have	settled	into	an	orbit	much	closer	to	the	Sun	if	it	had	migrated	through	the	solar	nebula.[37]	Some	competing	models	of	Solar	System	formation	predict	the	formation	of	Jupiter	with	orbital	properties	that	are	close	to	those	of	the	present-day	planet.[28]	Other	models
predict	Jupiter	forming	at	distances	much	further	out,	such	as	18AU	(2.7billionkm;	1.7billionmi).[38][39]According	to	the	Nice	model,	the	infall	of	proto-Kuiper	belt	objects	over	the	first	600	million	years	of	Solar	System	history	caused	Jupiter	and	Saturn	to	migrate	from	their	initial	positions	into	a	1:2	resonance,	which	caused	Saturn	to	shift	into	a
higher	orbit,	disrupting	the	orbits	of	Uranus	and	Neptune,	depleting	the	Kuiper	belt,	and	triggering	the	Late	Heavy	Bombardment.[40]According	to	the	Jumping-Jupiter	scenario,	Jupiter's	migration	through	the	early	Solar	System	could	have	led	to	the	ejection	of	a	fifth	gas	giant.	This	hypothesis	suggests	that	during	its	orbital	migration,	Jupiter's
gravitational	influence	disrupted	the	orbits	of	other	gas	giants,	potentially	casting	one	planet	out	of	the	Solar	System	entirely.	The	dynamics	of	such	an	event	would	have	dramatically	altered	the	formation	and	configuration	of	the	Solar	System,	leaving	behind	only	the	four	gas	giants	humans	observe	today.[41]Based	on	Jupiter's	composition,
researchers	have	made	the	case	for	an	initial	formation	outside	the	molecular	nitrogen	(N2)	snow	line,	which	is	estimated	at	2030AU	(3.04.5billionkm;	1.92.8billionmi)	from	the	Sun,	and	possibly	even	outside	the	argon	snow	line,	which	may	be	as	far	as	40AU	(6.0billionkm;	3.7billionmi).[42][43]	Having	formed	at	one	of	these	extreme	distances,	Jupiter
would	then	have,	over	a	roughly	700,000-year	period,	migrated	inwards	to	its	current	location,[38][39]	during	an	epoch	approximately	23million	years	after	the	planet	began	to	form.	In	this	model,	Saturn,	Uranus,	and	Neptune	would	have	formed	even	further	out	than	Jupiter,	and	Saturn	would	also	have	migrated	inwards.[38]Jupiter	is	a	gas	giant,
meaning	its	chemical	composition	is	primarily	hydrogen	and	helium.	These	materials	are	classified	as	gasses	in	planetary	geology,	a	term	that	does	not	denote	the	state	of	matter.	It	is	the	largest	planet	in	the	Solar	System,	with	a	diameter	of	142,984km	(88,846mi)	at	its	equator,	giving	it	a	volume	1,321	times	that	of	the	Earth.[3][44]	Its	average
density,	1.326g/cm3,[g]	is	lower	than	those	of	the	four	terrestrial	planets.[46][47]The	atmosphere	of	Jupiter	is	approximately	76%	hydrogen	and	24%	helium	by	mass.	By	volume,	the	upper	atmosphere	is	about	90%	hydrogen	and	10%	helium,	with	the	lower	proportion	owing	to	the	individual	helium	atoms	being	more	massive	than	the	molecules	of
hydrogen	formed	in	this	part	of	the	atmosphere.[48]	The	atmosphere	contains	trace	amounts	of	elemental	carbon,	oxygen,	sulfur,	and	neon,[49]	as	well	as	ammonia,	water	vapour,	phosphine,	hydrogen	sulfide,	and	hydrocarbons	like	methane,	ethane	and	benzene.[50]	Its	outermost	layer	contains	crystals	of	frozen	ammonia.[51]	The	planet's	interior	is
denser,	with	a	composition	of	roughly	71%	hydrogen,	24%	helium,	and	5%	other	elements	by	mass.[52][53]The	atmospheric	proportions	of	hydrogen	and	helium	are	close	to	the	theoretical	composition	of	the	primordial	solar	nebula.[54]	Neon	in	the	upper	atmosphere	consists	of	20	parts	per	million	by	mass,	which	is	about	a	tenth	as	abundant	as	in
the	Sun.[55]	Jupiter's	helium	abundance	is	about	80%	that	of	the	Sun	due	to	the	precipitation	of	these	elements	as	helium-rich	droplets,	a	process	that	happens	deep	in	the	planet's	interior.[56][57]Based	on	spectroscopy,	Saturn	is	thought	to	be	similar	in	composition	to	Jupiter,	but	the	other	giant	planets	Uranus	and	Neptune	have	relatively	less
hydrogen	and	helium	and	relatively	more	of	the	next	most	common	elements,	including	oxygen,	carbon,	nitrogen,	and	sulfur.[58]	These	planets	are	known	as	ice	giants	because	during	their	formation,	these	elements	are	thought	to	have	been	incorporated	into	them	as	ice;	however,	they	probably	contain	very	little	ice.[59]Main	article:	Jupiter	massSize
of	Jupiter	compared	to	Earth	and	Earth's	MoonJupiter	is	about	eleven	times	wider	than	the	Earth	(11.209R);	while	its	mass	is	318	times	that	of	Earth[3]	which	is	2.5	times	the	mass	of	all	the	other	planets	in	the	Solar	System	combined.	It	is	so	massive	that	its	barycentre	with	the	Sun	lies	above	the	Sun's	surface	at	1.068solar	radii	from	the	Sun's
centre.[60][61]	Jupiter's	radius	is	about	one	tenth	the	radius	of	the	Sun	(0.10276R),[62]	and	its	mass	is	one	thousandth	the	mass	of	the	Sun,	of	which	the	densities	of	the	two	bodies	are	similar.[63]	A	"Jupiter	mass"	(MJ	or	MJup)	is	used	as	a	unit	to	describe	masses	of	other	objects,	particularly	extrasolar	planets	and	brown	dwarfs.	For	example,	the
extrasolar	planet	HD	209458	b	has	a	mass	of	0.69MJ,	while	the	brown	dwarf	Gliese	229	b	has	a	mass	of	60.4MJ.[64][65]Theoretical	models	indicate	that	if	Jupiter	had	over	40%	more	mass,	the	interior	would	be	so	compressed	that	its	volume	would	decrease	despite	the	increasing	amount	of	matter.	For	smaller	changes	in	its	mass,	the	radius	would	not
change	appreciably.[66]	As	a	result,	Jupiter	is	thought	to	have	about	as	large	a	diameter	as	a	planet	of	its	composition	and	evolutionary	history	can	achieve.[67]	The	process	of	further	shrinkage	with	increasing	mass	would	continue	until	appreciable	stellar	ignition	was	achieved.[68]	Although	Jupiter	would	need	to	be	about	75	times	more	massive	to
fuse	hydrogen	and	become	a	star,[69]	its	diameter	is	sufficient	as	the	smallest	red	dwarf	may	be	slightly	larger	in	radius	than	Saturn.[70]Jupiter	radiates	more	heat	than	it	receives	through	solar	radiation,	due	to	the	KelvinHelmholtz	mechanism	within	its	contracting	interior.[71]:30[72]	This	process	causes	Jupiter	to	shrink	by	about	1mm	(0.039in)	per
year.[73][74]	At	the	time	of	its	formation,	Jupiter	was	hotter	and	was	about	twice	its	current	diameter.[75]Diagram	of	Jupiter	with	its	interior,	surface	features,	rings,	and	inner	moonsBefore	the	early	21st	century,	most	scientists	proposed	one	of	two	scenarios	for	the	formation	of	Jupiter.	If	the	planet	accreted	first	as	a	solid	body,	it	would	consist	of	a
dense	core,	a	surrounding	layer	of	fluid	metallic	hydrogen	(with	some	helium)	extending	outward	to	about	80%	of	the	radius	of	the	planet,[76]	and	an	outer	atmosphere	consisting	primarily	of	molecular	hydrogen.[74]	Alternatively,	if	the	planet	collapsed	directly	from	the	gaseous	protoplanetary	disk,	it	was	expected	to	completely	lack	a	core,
consisting	instead	of	a	denser	and	denser	fluid	(predominantly	molecular	and	metallic	hydrogen)	all	the	way	to	the	centre.	Data	from	the	Juno	mission	showed	that	Jupiter	has	a	diffuse	core	that	mixes	into	its	mantle,	extending	for	3050%	of	the	planet's	radius,	and	comprising	heavy	elements	with	a	combined	mass	725	times	the	Earth.[77][78][79]	This
mixing	process	could	have	arisen	during	formation,	while	the	planet	accreted	solids	and	gases	from	the	surrounding	nebula.[80]	Alternatively,	it	could	have	been	caused	by	an	impact	from	a	planet	of	about	ten	Earth	masses	a	few	million	years	after	Jupiter's	formation,	which	would	have	disrupted	an	originally	compact	Jovian	core.[78][81]Outside	the
layer	of	metallic	hydrogen	lies	a	transparent	interior	atmosphere	of	hydrogen.	At	this	depth,	the	pressure	and	temperature	are	above	molecular	hydrogen's	critical	pressure	of	1.3	MPa	and	critical	temperature	of	33K	(240.2C;	400.3F).[82]	In	this	state,	there	are	no	distinct	liquid	and	gas	phaseshydrogen	is	said	to	be	in	a	supercritical	fluid	state.	The
hydrogen	and	helium	gas	extending	downward	from	the	cloud	layer	gradually	transitions	to	a	liquid	in	deeper	layers,	possibly	resembling	something	akin	to	an	ocean	of	liquid	hydrogen	and	other	supercritical	fluids.[71]:22[83][84]	Physically,	the	gas	gradually	becomes	hotter	and	denser	as	depth	increases.[85][86]Rain-like	droplets	of	helium	and	neon
precipitate	downward	through	the	lower	atmosphere,	depleting	the	abundance	of	these	elements	in	the	upper	atmosphere.[56][87]	Calculations	suggest	that	helium	drops	separate	from	metallic	hydrogen	at	a	radius	of	60,000km	(37,000mi)	(11,000km[6,800mi]	below	the	cloud	tops)	and	merge	again	at	50,000km	(31,000mi)	(22,000km[14,000mi]
beneath	the	clouds).[88]	Rainfalls	of	diamonds	have	been	suggested	to	occur,	as	well	as	on	Saturn[89]	and	the	ice	giants	Uranus	and	Neptune.[90]The	temperature	and	pressure	inside	Jupiter	increase	steadily	inward	as	the	heat	of	planetary	formation	can	only	escape	by	convection.[57]	At	a	surface	depth	where	the	atmospheric	pressure	level	is	1bar
(0.10MPa),	the	temperature	is	around	165K	(108C;	163F).	The	region	where	supercritical	hydrogen	changes	gradually	from	a	molecular	fluid	to	a	metallic	fluid	spans	pressure	ranges	of	50400GPa	with	temperatures	of	5,0008,400K	(4,7308,130C;	8,54014,660F),	respectively.	The	temperature	of	Jupiter's	diluted	core	is	estimated	to	be	20,000K
(19,700C;	35,500F)	with	a	pressure	of	around	4,000GPa.[91]Main	article:	Atmosphere	of	JupiterThe	atmosphere	of	Jupiter	is	primarily	composed	of	molecular	hydrogen	and	helium,	with	a	smaller	amount	of	other	compounds	such	as	water,	methane,	hydrogen	sulfide,	and	ammonia.[92]	Jupiter's	atmosphere	extends	to	a	depth	of	approximately	3,000
kilometres	(2,000mi)	below	the	cloud	layers.[91]Timelapse	of	Jupiter's	cloud	system	moving	over	the	course	of	one	month	(photographed	during	Voyager	1	flyby	in	1979)Jupiter	is	perpetually	covered	with	clouds	of	ammonia	crystals,	which	may	contain	ammonium	hydrosulfide	as	well.[93]	The	clouds	are	located	in	the	tropopause	layer	of	the
atmosphere,	forming	bands	at	different	latitudes,	known	as	tropical	regions.	These	are	subdivided	into	lighter-hued	zones	and	darker	belts.	The	interactions	of	these	conflicting	circulation	patterns	cause	storms	and	turbulence.	Wind	speeds	of	100	metres	per	second	(360km/h;	220mph)	are	common	in	zonal	jet	streams.[94]	The	zones	have	been
observed	to	vary	in	width,	colour	and	intensity	from	year	to	year,	but	they	have	remained	stable	enough	for	scientists	to	name	them.[61]:6The	cloud	layer	is	about	50km	(31mi)	deep	and	consists	of	at	least	two	decks	of	ammonia	clouds:	a	thin,	clearer	region	on	top	and	a	thicker,	lower	deck.	There	may	be	a	thin	layer	of	water	clouds	underlying	the
ammonia	clouds,	as	suggested	by	flashes	of	lightning	detected	in	the	atmosphere	of	Jupiter.[95]	These	electrical	discharges	can	be	up	to	a	thousand	times	as	powerful	as	lightning	on	Earth.[96]	The	water	clouds	are	assumed	to	generate	thunderstorms	in	the	same	way	as	terrestrial	thunderstorms,	driven	by	the	heat	rising	from	the	interior.[97]	The
Juno	mission	revealed	the	presence	of	"shallow	lightning"	which	originates	from	ammonia-water	clouds	relatively	high	in	the	atmosphere.[98]	These	discharges	carry	"mushballs"	of	water-ammonia	slushes	covered	in	ice,	which	fall	deep	into	the	atmosphere.[99]	Upper-atmospheric	lightning	has	been	observed	in	Jupiter's	upper	atmosphere,	bright
flashes	of	light	that	last	around	1.4milliseconds.	These	are	known	as	"elves"	or	"sprites"	and	appear	blue	or	pink	due	to	the	hydrogen.[100][101]The	orange	and	brown	colours	in	the	clouds	of	Jupiter	are	caused	by	upwelling	compounds	that	change	colour	when	they	are	exposed	to	ultraviolet	light	from	the	Sun.	The	exact	makeup	remains	uncertain,
but	the	substances	are	thought	to	be	made	up	of	phosphorus,	sulfur	or	possibly	hydrocarbons.[71]:39[102]	These	colourful	compounds,	known	as	chromophores,	mix	with	the	warmer	clouds	of	the	lower	deck.	The	light-coloured	zones	are	formed	when	rising	convection	cells	form	crystallising	ammonia	that	hides	the	chromophores	from	view.
[103]Jupiter	has	a	low	axial	tilt,	thus	ensuring	that	the	poles	always	receive	less	solar	radiation	than	the	planet's	equatorial	region.	Convection	within	the	interior	of	the	planet	transports	energy	to	the	poles,	balancing	out	temperatures	at	the	cloud	layer.[61]:54Close-up	of	the	Great	Red	Spot	imaged	by	the	Juno	spacecraft	in	true	colour.	Due	to	the
way	Juno	takes	photographs,	the	stitched	image	has	extreme	barrel	distortion.A	well-known	feature	of	Jupiter	is	the	Great	Red	Spot,[104]	a	persistent	anticyclonic	storm	located	22	south	of	the	equator.	It	was	first	observed	in	1831,[105]	and	possibly	as	early	as	1665.[106][107]	Images	by	the	Hubble	Space	Telescope	have	shown	two	more	"red	spots"
adjacent	to	the	Great	Red	Spot.[108][109]	The	storm	is	visible	through	Earth-based	telescopes	with	an	aperture	of	12cm	or	larger.[110]	The	storm	rotates	counterclockwise,	with	a	period	of	about	six	days.[111]	The	maximum	altitude	of	this	storm	is	about	8	kilometres	(5mi)	above	the	surrounding	cloud	tops.[112]	The	Spot's	composition	and	the
source	of	its	red	colour	remain	uncertain,	although	photodissociated	ammonia	reacting	with	acetylene	is	a	likely	explanation.[113]The	Great	Red	Spot	is	larger	than	the	Earth.[114]	Mathematical	models	suggest	that	the	storm	is	stable	and	will	be	a	permanent	feature	of	the	planet.[115]	However,	it	has	significantly	decreased	in	size	since	its
discovery.	Initial	observations	in	the	late	1800s	showed	it	to	be	approximately	41,000km	(25,500mi)	across.	As	of	2015[update],	the	storm	was	measured	at	approximately	16,500	by	10,940	kilometres	(10,250	by	6,800mi),[116]	and	was	decreasing	in	length	by	about	930km	(580mi)	per	year.[114]	In	October	2021,	a	Juno	flyby	mission	measured	the
depth	of	the	Great	Red	Spot,	putting	it	at	around	300500	kilometres	(190310mi).[117]Juno	missions	found	several	cyclone	groups	at	Jupiter's	poles.	The	northern	group	contains	nine	cyclones,	with	a	large	one	in	the	centre	and	eight	others	around	it,	while	its	southern	counterpart	also	consists	of	a	centre	vortex	but	is	surrounded	by	five	large	storms
and	a	single	smaller	one	for	a	total	of	seven	storms.[118][119]	In	2000,	an	atmospheric	feature	formed	in	the	southern	hemisphere	that	is	similar	in	appearance	to	the	Great	Red	Spot,	but	smaller.	This	was	created	when	smaller,	white	oval-shaped	storms	merged	to	form	a	single	featurethese	three	smaller	white	ovals	were	formed	in	19391940.	The
merged	feature	was	named	Oval	BA.	It	has	since	increased	in	intensity	and	changed	from	white	to	red,	earning	it	the	nickname	"Little	Red	Spot".[120][121]In	April	2017,	a	"Great	Cold	Spot"	was	discovered	in	Jupiter's	thermosphere	at	its	north	pole.	This	feature	is	24,000km	(15,000mi)	across,	12,000km	(7,500mi)	wide,	and	200C	(360F)	cooler	than
surrounding	material.	While	this	spot	changes	form	and	intensity	over	the	short	term,	it	has	maintained	its	general	position	in	the	atmosphere	for	more	than	15	years.	It	may	be	a	giant	vortex	similar	to	the	Great	Red	Spot,	and	appears	to	be	quasi-stable	like	the	vortices	in	Earth's	thermosphere.	This	feature	may	be	formed	by	interactions	between
charged	particles	generated	from	Io	and	the	strong	magnetic	field	of	Jupiter,	resulting	in	a	redistribution	of	heat	flow.[122]Main	article:	Magnetosphere	of	JupiterThe	Galilean	moons's	affect	on	Jupiter's	magnetosphereJupiter's	magnetic	field	is	the	strongest	of	any	planet	in	the	Solar	System,[103]	with	a	dipole	moment	of	4.170	gauss	(0.4170mT)	that
is	tilted	at	an	angle	of	10.31	to	the	pole	of	rotation.	The	surface	magnetic	field	strength	varies	from	2	gauss	(0.20mT)	up	to	20	gauss	(2.0mT).[123]	This	field	is	thought	to	be	generated	by	eddy	currentsswirling	movements	of	conducting	materialswithin	the	fluid,	metallic	hydrogen	core.	At	about	75	Jupiter	radii	from	the	planet,	the	interaction	of	the
magnetosphere	with	the	solar	wind	generates	a	bow	shock.	Surrounding	Jupiter's	magnetosphere	is	a	magnetopause,	located	at	the	inner	edge	of	a	magnetosheatha	region	between	it	and	the	bow	shock.	The	solar	wind	interacts	with	these	regions,	elongating	the	magnetosphere	on	Jupiter's	lee	side	and	extending	it	outward	until	it	nearly	reaches	the
orbit	of	Saturn.	The	four	largest	moons	of	Jupiter	all	orbit	within	the	magnetosphere,	which	protects	them	from	solar	wind.[71]:69The	volcanoes	on	the	moon	Io	emit	large	amounts	of	sulfur	dioxide,	forming	a	gas	torus	along	its	orbit.	The	gas	is	ionized	in	Jupiter's	magnetosphere,	producing	sulfur	and	oxygen	ions.	They,	together	with	hydrogen	ions
originating	from	the	atmosphere	of	Jupiter,	form	a	plasma	sheet	in	Jupiter's	equatorial	plane.	The	plasma	in	the	sheet	co-rotates	with	the	planet,	causing	deformation	of	the	dipole	magnetic	field	into	that	of	a	magnetodisk.	Electrons	within	the	plasma	sheet	generate	a	strong	radio	signature,	with	short,	superimposed	bursts	in	the	range	of	0.630MHz
that	are	detectable	from	Earth	with	consumer-grade	shortwave	radio	receivers.[124][125]	As	Io	moves	through	this	torus,	the	interaction	generates	Alfvn	waves	that	carry	ionized	matter	into	the	polar	regions	of	Jupiter.	As	a	result,	radio	waves	are	generated	through	a	cyclotron	maser	mechanism,	and	the	energy	is	transmitted	out	along	a	cone-
shaped	surface.	When	Earth	intersects	this	cone,	the	radio	emissions	from	Jupiter	can	exceed	the	radio	output	of	the	Sun.[126]Main	article:	Rings	of	JupiterJupiter,	taken	in	infrared	light,	showing	its	faint	rings,	along	with	two	moons	Amalthea	and	Adrastea,	auroras,	and	atmospheric	features.	Jupiter	has	a	faint	planetary	ring	system	composed	of
three	main	segments:	an	inner	torus	of	particles	known	as	the	halo,	a	relatively	bright	main	ring,	and	an	outer	gossamer	ring.[127]	These	rings	appear	to	be	made	of	dust,	whereas	Saturn's	rings	are	made	of	ice.[71]:65	The	main	ring	is	most	likely	made	out	of	material	ejected	from	the	satellites	Adrastea	and	Metis,	which	is	drawn	into	Jupiter	because
of	the	planet's	strong	gravitational	influence.	New	material	is	added	by	additional	impacts.[128]	In	a	similar	way,	the	moons	Thebe	and	Amalthea	are	believed	to	produce	the	two	distinct	components	of	the	dusty	gossamer	ring.[128]	There	is	evidence	of	a	fourth	ring	that	may	consist	of	collisional	debris	from	Amalthea	that	is	strung	along	the	same
moon's	orbit.[129]3-hour	timelapse	showing	rotation	of	Jupiter	and	orbital	motion	of	the	moonsJupiter	is	the	only	planet	whose	barycentre	with	the	Sun	lies	outside	the	volume	of	the	Sun,	though	by	7%	of	the	Sun's	radius.[130][131]	The	average	distance	between	Jupiter	and	the	Sun	is	778millionkm	(5.20AU)	and	it	completes	an	orbit	every
11.86years.	This	is	approximately	two-fifths	the	orbital	period	of	Saturn,	forming	a	near	orbital	resonance.[132]	The	orbital	plane	of	Jupiter	is	inclined	1.30	compared	to	Earth.	Because	the	eccentricity	of	its	orbit	is	0.049,	Jupiter	is	slightly	over	75millionkm	nearer	the	Sun	at	perihelion	than	aphelion,[3]	which	means	that	its	orbit	is	nearly	circular.	This
low	eccentricity	is	at	odds	with	exoplanet	discoveries,	which	have	revealed	Jupiter-sized	planets	with	very	high	eccentricities.	Models	suggest	this	may	be	due	to	there	being	two	giant	planets	in	the	Solar	System,	as	the	presence	of	a	third	or	more	giant	planets	tends	to	induce	larger	eccentricities.[133]The	axial	tilt	of	Jupiter	is	3.13,	which	is	relatively
small,	so	its	seasons	are	insignificant	compared	to	those	of	Earth	and	Mars.[134]Jupiter's	rotation	is	the	fastest	of	all	the	Solar	System's	planets,	completing	a	rotation	on	its	axis	in	slightly	less	than	ten	hours;	this	creates	an	equatorial	bulge	easily	seen	through	an	amateur	telescope.	Because	Jupiter	is	not	a	solid	body,	its	upper	atmosphere	undergoes
differential	rotation.	The	rotation	of	Jupiter's	polar	atmosphere	is	about	five	minutes	longer	than	that	of	the	equatorial	atmosphere.[135]	The	planet	is	an	oblate	spheroid,	meaning	that	the	diameter	across	its	equator	is	longer	than	the	diameter	measured	between	its	poles.[86]	On	Jupiter,	the	equatorial	diameter	is	9,276km	(5,764mi)	longer	than	the
polar	diameter.[3]Three	systems	are	used	as	frames	of	reference	for	tracking	planetary	rotation,	particularly	when	graphing	the	motion	of	atmospheric	features.	System	I	applies	to	latitudes	from	7N	to	7S;	its	period	is	the	planet's	shortest,	at	9h50m30.0s.	System	II	applies	at	latitudes	north	and	south	of	these;	its	period	is	9h55m40.6s.[136]	System
III	was	defined	by	radio	astronomers	and	corresponds	to	the	rotation	of	the	planet's	magnetosphere;	its	period	is	Jupiter's	official	rotation.[137]Jupiter	and	four	Galilean	moons	seen	through	an	amateur	telescopeJupiter	is	usually	the	fourth-brightest	object	in	the	sky	(after	the	Sun,	the	Moon,	and	Venus),[103]	although	at	opposition	Mars	can	appear
brighter	than	Jupiter.	Depending	on	Jupiter's	position	with	respect	to	the	Earth,	it	can	vary	in	visual	magnitude	from	as	bright	as	2.94	at	opposition	down	to	1.66	during	conjunction	with	the	Sun.[17]	The	mean	apparent	magnitude	is	2.20	with	a	standard	deviation	of	0.33.[17]	The	angular	diameter	of	Jupiter	likewise	varies	from	50.1	to	30.5	arc
seconds.[3]	Favourable	oppositions	occur	when	Jupiter	is	passing	through	the	perihelion	of	its	orbit,	bringing	it	closer	to	Earth.[138]	Near	opposition,	Jupiter	will	appear	to	go	into	retrograde	motion	for	a	period	of	about	121	days,	moving	backward	through	an	angle	of	9.9	before	returning	to	prograde	movement.[139]Because	the	orbit	of	Jupiter	is
outside	that	of	Earth,	the	phase	angle	of	Jupiter	as	viewed	from	Earth	is	always	less	than	11.5;	thus,	Jupiter	always	appears	nearly	fully	illuminated	when	viewed	through	Earth-based	telescopes.	It	was	during	spacecraft	missions	to	Jupiter	that	crescent	views	of	the	planet	were	obtained.[140]	A	small	telescope	will	usually	show	Jupiter's	four	Galilean
moons	and	the	cloud	belts	across	Jupiter's	atmosphere.	A	larger	telescope	with	an	aperture	of	46	inches	(1015cm)	will	show	Jupiter's	Great	Red	Spot	when	it	faces	Earth.[141][142]Model	in	the	Almagest	of	the	longitudinal	motion	of	Jupiter	()	relative	to	Earth	()Observations	of	Jupiter	are	attested	with	the	Babylonian	astronomers	during	the	7th8th
centuriesBC.[143]	The	ancient	Chinese	knew	Jupiter	as	the	'sui	star'	(Suxng	)	and	established	their	cycle	of	twelve	earthly	branches	based	on	the	approximate	number	of	years	it	takes	Jupiter	to	revolve	around	the	Sun;	the	Chinese	language	still	uses	its	name	(;	simplified	as	)	when	referring	to	years	of	age.	By	the	4th	centuryBC,	these	observations
had	developed	into	the	Chinese	zodiac,[144]	and	each	year	became	associated	with	a	Tai	Sui	star	and	god	controlling	the	region	of	the	heavens	opposite	Jupiter's	position	in	the	night	sky.	These	beliefs	survive	in	some	Taoist	and	folk	religious	practices	and	in	the	East	Asian	zodiac's	twelve	animals.	The	Chinese	historian	Xi	Zezong	has	claimed	that	Gan
De,	an	ancient	Chinese	astronomer,[145]	reported	a	small	star	"in	alliance"	with	the	planet,[146]	which	may	indicate	a	sighting	of	one	of	Jupiter's	moons	with	the	unaided	eye.	If	true,	this	would	predate	Galileo's	discovery	by	nearly	two	millennia.[147][148]A	2016	paper	reports	that	trapezoidal	rule	was	used	by	Babylonians	before	50	BC	for
integrating	the	velocity	of	Jupiter	along	the	ecliptic.[149]	In	his	2nd	century	work	the	Almagest,	the	Hellenistic	astronomer	Claudius	Ptolemaeus	constructed	a	geocentric	planetary	model	based	on	deferents	and	epicycles	to	explain	Jupiter's	motion	relative	to	Earth,	giving	its	orbital	period	around	Earth	as	4332.38days,	or	11.86years.[150]Galileo's
drawings	of	Jupiter	and	its	"Medicean	Stars"	from	Sidereus	NunciusIn	1610,	Italian	polymath	Galileo	Galilei	discovered	the	four	largest	moons	of	Jupiter	(now	known	as	the	Galilean	moons)	using	a	telescope.	This	is	thought	to	be	the	first	telescopic	observation	of	moons	other	than	Earth's.	Just	one	day	after	Galileo,	Simon	Marius	independently
discovered	moons	around	Jupiter,	though	he	did	not	publish	his	discovery	in	a	book	until	1614.[151]	It	was	Marius's	names	for	the	major	moons,	however,	that	stuck:	Io,	Europa,	Ganymede,	and	Callisto.	The	discovery	was	a	major	point	in	favour	of	the	heliocentric	theory	of	the	motions	of	the	planets	by	Nicolaus	Copernicus;	Galileo's	outspoken
support	of	the	Copernican	theory	led	to	him	being	tried	and	condemned	by	the	Inquisition.[152]In	the	autumn	of	1639,	the	Neapolitan	optician	Francesco	Fontana	tested	a	22-palm	telescope	of	his	own	making	and	discovered	the	characteristic	bands	of	the	planet's	atmosphere.[153]During	the	1660s,	Giovanni	Cassini	used	a	new	telescope	to	discover
spots	in	Jupiter's	atmosphere,	observe	that	the	planet	appeared	oblate,	and	estimate	its	rotation	period.[154]	In	1692,	Cassini	noticed	that	the	atmosphere	undergoes	a	differential	rotation.[155]The	Great	Red	Spot	may	have	been	observed	as	early	as	1664	by	Robert	Hooke	and	in	1665	by	Cassini,	although	this	is	disputed.	The	pharmacist	Heinrich
Schwabe	produced	the	earliest	known	drawing	to	show	details	of	the	Great	Red	Spot	in	1831.[156]	The	Red	Spot	was	reportedly	lost	from	sight	on	several	occasions	between	1665	and	1708	before	becoming	quite	conspicuous	in	1878.[157]	It	was	recorded	as	fading	again	in	1883	and	at	the	start	of	the	20th	century.[158]Both	Giovanni	Borelli	and
Cassini	made	careful	tables	of	the	motions	of	Jupiter's	moons,	which	allowed	predictions	of	when	the	moons	would	pass	before	or	behind	the	planet.	By	the	1670s,	Cassini	observed	that	when	Jupiter	was	on	the	opposite	side	of	the	Sun	from	Earth,	these	events	would	occur	about	17minutes	later	than	expected.	Ole	Rmer	deduced	that	light	does	not
travel	instantaneously	(a	conclusion	that	Cassini	had	earlier	rejected),[53]	and	this	timing	discrepancy	was	used	to	estimate	the	speed	of	light.[159][160]In	1892,	E.	E.	Barnard	observed	a	fifth	satellite	of	Jupiter	with	the	36-inch	(910mm)	refractor	at	Lick	Observatory	in	California.	This	moon	was	later	named	Amalthea.[161]	It	was	the	last	planetary
moon	to	be	discovered	directly	by	a	visual	observer	through	a	telescope.[162]	An	additional	eight	satellites	were	discovered	before	the	flyby	of	the	Voyager	1	probe	in	1979.[h]In	1932,	Rupert	Wildt	identified	absorption	bands	of	ammonia	and	methane	in	the	spectra	of	Jupiter.[163]	Three	long-lived	anticyclonic	features	called	"white	ovals"	were
observed	in	1938.	For	several	decades,	they	remained	as	separate	features	in	the	atmosphere	that	approach	each	other	but	never	merge.	Finally,	two	of	the	ovals	merged	in	1998,	then	absorbed	the	third	in	2000,	becoming	Oval	BA.[164]In	1955,	Bernard	Burke	and	Kenneth	Franklin	discovered	that	Jupiter	emits	bursts	of	radio	waves	at	a	frequency	of
22.2MHz.[71]:36	The	period	of	these	bursts	matched	the	rotation	of	the	planet,	and	they	used	this	information	to	determine	a	more	precise	value	for	Jupiter's	rotation	rate.	Radio	bursts	from	Jupiter	were	found	to	come	in	two	forms:	long	bursts	(or	L-bursts)	lasting	up	to	several	seconds,	and	short	bursts	(or	S-bursts)	lasting	less	than	a	hundredth	of	a
second.[165]Scientists	have	discovered	three	forms	of	radio	signals	transmitted	from	Jupiter:Decametric	radio	bursts	(with	a	wavelength	of	tens	of	metres)	vary	with	the	rotation	of	Jupiter,	and	are	influenced	by	the	interaction	of	Io	with	Jupiter's	magnetic	field.[166]Decimetric	radio	emission	(with	wavelengths	measured	in	centimetres)	was	first
observed	by	Frank	Drake	and	Hein	Hvatum	in	1959.[71]:36	The	origin	of	this	signal	is	a	torus-shaped	belt	around	Jupiter's	equator,	which	generates	cyclotron	radiation	from	electrons	that	are	accelerated	in	Jupiter's	magnetic	field.[167]Thermal	radiation	is	produced	by	heat	in	the	atmosphere	of	Jupiter.[71]:43Main	article:	Exploration	of
JupiterJupiter	has	been	visited	by	automated	spacecraft	since	1973,	when	the	space	probe	Pioneer	10	passed	close	enough	to	Jupiter	to	send	back	revelations	about	its	properties	and	phenomena.[168][169]	Missions	to	Jupiter	are	accomplished	at	a	cost	in	energy,	which	is	described	by	the	net	change	in	velocity	of	the	spacecraft,	or	delta-v.	Entering	a
Hohmann	transfer	orbit	from	Earth	to	Jupiter	from	low	Earth	orbit	requires	a	delta-v	of	6.3km/s,[170]	which	is	comparable	to	the	9.7km/s	delta-v	needed	to	reach	low	Earth	orbit.[171]	Gravity	assists	through	planetary	flybys	can	be	used	to	reduce	the	energy	required	to	reach	Jupiter.[172]SpacecraftClosestapproachDistance	(km)Pioneer	10December
3,	1973130,000Pioneer	11December	4,	197434,000Voyager	1March	5,	1979349,000Voyager	2July	9,	1979570,000UlyssesFebruary	8,	1992[173]408,894February	4,	2004[173]120,000,000CassiniDecember	30,	200010,000,000New	HorizonsFebruary	28,	20072,304,535Beginning	in	1973,	several	spacecraft	performed	planetary	flyby	manoeuvres	that
brought	them	within	the	observation	range	of	Jupiter.	The	Pioneer	missions	obtained	the	first	close-up	images	of	Jupiter's	atmosphere	and	several	of	its	moons.	They	discovered	that	the	radiation	fields	near	the	planet	were	much	stronger	than	expected,	but	both	spacecraft	managed	to	survive	in	that	environment.	The	trajectories	of	these	spacecraft
were	used	to	refine	the	mass	estimates	of	the	Jovian	system.	Radio	occultations	by	the	planet	resulted	in	better	measurements	of	Jupiter's	diameter	and	the	amount	of	polar	flattening.[61]:47[174]Six	years	later,	the	Voyager	missions	vastly	improved	the	understanding	of	the	Galilean	moons	and	discovered	Jupiter's	rings.	They	also	confirmed	that	the
Great	Red	Spot	was	anticyclonic.	Comparison	of	images	showed	that	the	Spot	had	changed	hues	since	the	Pioneer	missions,	turning	from	orange	to	dark	brown.	A	torus	of	ionized	atoms	was	discovered	along	Io's	orbital	path,	which	were	found	to	come	from	erupting	volcanoes	on	the	moon's	surface.	As	the	spacecraft	passed	behind	the	planet,	it
observed	flashes	of	lightning	in	the	night	side	atmosphere.[61]:87[175]The	next	mission	to	encounter	Jupiter	was	the	Ulysses	solar	probe.	In	February	1992,	it	performed	a	flyby	manoeuvre	to	attain	a	polar	orbit	around	the	Sun.	During	this	pass,	the	spacecraft	studied	Jupiter's	magnetosphere,	although	it	had	no	cameras	to	photograph	the	planet.	The
spacecraft	passed	by	Jupiter	six	years	later,	this	time	at	a	much	greater	distance.[173]In	2000,	the	Cassini	probe	flew	by	Jupiter	on	its	way	to	Saturn,	and	provided	higher-resolution	images.[176]The	New	Horizons	probe	flew	by	Jupiter	in	2007	for	a	gravity	assist	en	route	to	Pluto.[177]	The	probe's	cameras	measured	plasma	output	from	volcanoes	on
Io	and	studied	all	four	Galilean	moons	in	detail.[178]Main	article:	Galileo	(spacecraft)Galileo	in	preparation	for	mating	with	the	rocket,	1989The	first	spacecraft	to	orbit	Jupiter	was	the	Galileo	mission,	which	reached	the	planet	on	December	7,	1995.[67]	It	remained	in	orbit	for	over	seven	years,	conducting	multiple	flybys	of	all	the	Galilean	moons	and
Amalthea.	The	spacecraft	also	witnessed	the	impact	of	Comet	ShoemakerLevy	9	when	it	collided	with	Jupiter	in	1994.	Some	of	the	goals	for	the	mission	were	thwarted	due	to	a	malfunction	in	Galileos	high-gain	antenna.[179]A	340-kilogram	titanium	atmospheric	probe	was	released	from	the	spacecraft	in	July	1995,	entering	Jupiter's	atmosphere	on
December	7.[67]	It	parachuted	through	150km	(93mi)	of	the	atmosphere	at	a	speed	of	about	2,575km/h	(1,600mph)[67]	and	collected	data	for	57.6minutes	until	the	spacecraft	was	destroyed.[180]	The	Galileo	orbiter	itself	experienced	a	more	rapid	version	of	the	same	fate	when	it	was	deliberately	steered	into	the	planet	on	September	21,	2003.	NASA
destroyed	the	spacecraft	to	avoid	any	possibility	of	the	spacecraft	crashing	into	and	possibly	contaminating	the	moon	Europa,	which	may	harbour	life.[179]Data	from	this	mission	revealed	that	hydrogen	composes	up	to	90%	of	Jupiter's	atmosphere.[67]	The	recorded	temperature	was	more	than	300C	(572F),	and	the	wind	speed	measured	more	than
644km/h	(>400mph)	before	the	probes	vaporized.[67]Main	article:	Juno	(spacecraft)Juno	preparing	for	testing	in	a	rotation	stand,	2011NASA's	Juno	mission	arrived	at	Jupiter	on	July	4,	2016,	with	the	goal	of	studying	the	planet	in	detail	from	a	polar	orbit.	The	spacecraft	was	originally	intended	to	orbit	Jupiter	thirty-seven	times	over	a	period	of	twenty
months.[79][181][182]	During	the	mission,	the	spacecraft	will	be	exposed	to	high	levels	of	radiation	from	Jupiter's	magnetosphere,	which	may	cause	the	failure	of	certain	instruments.[183]	On	August	27,	2016,	the	spacecraft	completed	its	first	flyby	of	Jupiter	and	sent	back	the	first-ever	images	of	Jupiter's	north	pole.[184]Juno	completed	12	orbits
before	the	end	of	its	budgeted	mission	plan,	ending	in	July	2018.[185]	In	June	of	that	year,	NASA	extended	the	mission	operations	plan	to	July	2021,	and	in	January	of	that	year	the	mission	was	extended	to	September	2025	with	four	lunar	flybys:	one	of	Ganymede,	one	of	Europa,	and	two	of	Io.[186][187]	When	Juno	reaches	the	end	of	the	mission,	it	will
perform	a	controlled	deorbit	and	disintegrate	into	Jupiter's	atmosphere	to	avoid	the	risk	of	colliding	and	contaminating	Jupiter's	moons.[188]There	is	an	interest	in	missions	to	study	Jupiter's	larger	icy	moons,	which	may	have	subsurface	liquid	oceans.[189]	Funding	difficulties	have	delayed	progress,	causing	NASA's	JIMO	(Jupiter	Icy	Moons	Orbiter)	to
be	cancelled	in	2005.[190]	A	subsequent	proposal	was	developed	for	a	joint	NASA/ESA	mission	called	EJSM/Laplace,	with	a	provisional	launch	date	around	2020.	EJSM/Laplace	would	have	consisted	of	the	NASA-led	Jupiter	Europa	Orbiter	and	the	ESA-led	Jupiter	Ganymede	Orbiter.[191]	However,	the	ESA	formally	ended	the	partnership	in	April	2011,
citing	budget	issues	at	NASA	and	the	consequences	on	the	mission	timetable.	Instead,	ESA	planned	to	go	ahead	with	a	European-only	mission	to	compete	in	its	L1	Cosmic	Vision	selection.[192]	These	plans	have	been	realized	as	the	European	Space	Agency's	Jupiter	Icy	Moon	Explorer	(JUICE),	launched	on	April	14,	2023,[193]	followed	by	NASA's
Europa	Clipper	mission,	launched	on	October	14,	2024.[194]Other	proposed	missions	include	the	Chinese	National	Space	Administration's	Tianwen-4	mission	which	aims	to	launch	an	orbiter	to	the	Jovian	system	and	possibly	Callisto	around	2035,[195]	and	CNSA's	Interstellar	Express[196]	and	NASA's	Interstellar	Probe,[197]	which	would	both	use
Jupiter's	gravity	to	help	them	reach	the	edges	of	the	heliosphere.Main	article:	Moons	of	JupiterSee	also:	Timeline	of	discovery	of	Solar	System	planets	and	their	moons	and	Satellite	system	(astronomy)Jupiter	has	97	known	natural	satellites,[8]	and	it	is	likely	that	this	number	will	go	up	due	to	increasing	telescopic	observations.[198]	Of	these,	only	16
are	larger	than	10km	in	diameter.[199]	The	four	largest	moons,	known	as	the	Galilean	moons,	are	Ganymede,	Callisto,	Io,	and	Europa	(in	order	of	decreasing	size),	and	are	visible	from	Earth	with	binoculars	on	a	clear	night.[200]Main	article:	Galilean	moonsThe	moons	discovered	by	GalileoIo,	Europa,	Ganymede,	and	Callistoare	among	the	largest	in
the	Solar	System.	The	orbits	of	Io,	Europa,	and	Ganymede	form	a	pattern	known	as	a	Laplace	resonance;	for	every	four	orbits	that	Io	makes	around	Jupiter,	Europa	makes	exactly	two	orbits	and	Ganymede	makes	exactly	one.	This	resonance	causes	the	gravitational	effects	of	the	three	large	moons	to	distort	their	orbits	into	elliptical	shapes,	because
each	moon	receives	an	extra	tug	from	its	neighbours	at	the	same	point	in	every	orbit	it	makes.	The	tidal	force	from	Jupiter,	on	the	other	hand,	works	to	circularize	their	orbits.[201]The	eccentricity	of	their	orbits	causes	regular	flexing	of	the	three	moons'	shapes,	with	Jupiter's	gravity	stretching	them	out	as	they	approach	it	and	allowing	them	to	spring
back	to	more	spherical	shapes	as	they	swing	away.	The	friction	created	by	this	tidal	flexing	generates	heat	in	the	interior	of	the	moons.[202]	This	is	seen	most	dramatically	in	the	volcanic	activity	of	Io	(which	is	subject	to	the	strongest	tidal	forces),[202]	and	to	a	lesser	degree	in	the	geological	youth	of	Europa's	surface,	which	indicates	recent
resurfacing	of	the	moon's	exterior.[203]The	Galilean	moons	compared	to	the	Earth's	MoonNameIPADiameterMassOrbital	radiusOrbital
periodkmDkgMkmadaysTIo/a.o/3,6431.058.910221.20421,7001.101.770.07Europa/jrop/3,1220.904.810220.65671,0341.753.550.13Ganymede/nmid/5,2621.5014.810222.001,070,4122.807.150.26Callisto/klsto/4,8211.4010.810221.501,882,7094.9016.690.61The	Galilean	satellites	in	false	colour.	From	left	to	right,	in	order	of	increasing	distance	from
Jupiter:	Io,	Europa,	Ganymede,	Callisto.The	Galilean	satellites	Io,	Europa,	Ganymede,	and	Callisto	(in	order	of	increasing	distance	from	Jupiter)	in	false	colourJupiter's	moons	were	classified	into	four	groups	of	four,	based	on	their	similar	orbital	elements.[204]	This	picture	has	been	complicated	by	the	discovery	of	numerous	small	outer	moons	since
1999.	Jupiter's	moons	are	divided	into	several	different	groups,	although	there	are	two	known	moons	which	are	not	part	of	any	group	(Themisto	and	Valetudo).[205]The	eight	innermost	regular	moons,	which	have	nearly	circular	orbits	near	the	plane	of	Jupiter's	equator,	are	thought	to	have	formed	alongside	Jupiter,	while	the	remainder	are	irregular
moons	and	are	thought	to	be	captured	asteroids	or	fragments	of	captured	asteroids.	The	irregular	moons	within	each	group	may	have	a	common	origin,	perhaps	as	a	larger	moon	or	captured	body	that	broke	up.[206][207]Regular	moonsInner	groupThe	inner	group	of	four	small	moons	all	have	diameters	of	less	than	200km,	orbit	at	radii	less	than
200,000km,	and	have	orbital	inclinations	of	less	than	half	a	degree.[208]Galileanmoons[209]These	four	moons,	discovered	by	Galileo	Galilei	and	by	Simon	Marius	in	parallel,	orbit	between	400,000	and	2	millionkm,	and	are	some	of	the	largest	moons	in	the	Solar	System.Irregular	moonsHimalia	groupA	tightly	clustered	group	of	prograde-orbiting
moons	with	orbits	around	1112	millionkm	from	Jupiter[210]Carpo	groupA	sparsely	populated	group	of	small	moons	with	highly	inclined	prograde	orbits	around	1617	millionkm	from	Jupiter[199]AnankegroupThis	group	of	retrograde-orbiting	moons	has	rather	indistinct	borders,	averaging	21.3	millionkm	from	Jupiter	with	an	average	inclination	of	149
degrees.[207]Carme	groupA	tightly	clustered	group	of	retrograde-orbiting	moons	that	averages	23.4	millionkm	from	Jupiter	with	an	average	inclination	of	165	degrees[207]Pasiphae	groupA	dispersed	and	vaguely	distinct	retrograde	group	that	covers	all	the	outermost	moons[211]As	the	most	massive	of	the	eight	planets,	the	gravitational	influence	of
Jupiter	has	helped	shape	the	Solar	System.	With	the	exception	of	Mercury,	the	orbits	of	the	system's	planets	lie	closer	to	Jupiter's	orbital	plane	than	the	Sun's	equatorial	plane.	The	Kirkwood	gaps	in	the	asteroid	belt	are	mostly	caused	by	Jupiter,[212]	and	the	planet	may	have	been	responsible	for	the	Late	Heavy	Bombardment	in	the	inner	Solar
System's	history.[213]In	addition	to	its	moons,	Jupiter's	gravitational	field	controls	numerous	asteroids	that	have	settled	around	the	Lagrangian	points	that	precede	and	follow	the	planet	in	its	orbit	around	the	Sun.	These	are	known	as	the	Trojan	asteroids,	and	are	divided	into	Greek	and	Trojan	"camps"	to	honour	the	Iliad.	The	first	of	these,	588
Achilles,	was	discovered	by	Max	Wolf	in	1906;	since	then	more	than	two	thousand	have	been	discovered.[214]	The	largest	is	624	Hektor.[215]The	Jupiter	family	is	defined	as	comets	that	have	a	semi-major	axis	smaller	than	Jupiter's;	most	short-period	comets	belong	to	this	group.	Members	of	the	Jupiter	family	are	thought	to	form	in	the	Kuiper	belt
outside	the	orbit	of	Neptune.	During	close	encounters	with	Jupiter,	they	are	perturbed	into	orbits	with	a	smaller	period,	which	then	becomes	circularized	by	regular	gravitational	interactions	with	the	Sun	and	Jupiter.[216]Main	article:	Impact	events	on	JupiterBrown	spots	mark	Comet	ShoemakerLevy	9's	impact	sites	on	JupiterJupiter	has	been	called
the	Solar	System's	vacuum	cleaner[217]	because	of	its	immense	gravity	well	and	location	near	the	inner	Solar	System.	There	are	more	impacts	on	Jupiter,	such	as	comets,	than	on	any	other	planet	in	the	Solar	System.[218]	For	example,	Jupiter	experiences	about	200	times	more	asteroid	and	comet	impacts	than	Earth.[67]	Scientists	used	to	believe
that	Jupiter	partially	shielded	the	inner	system	from	cometary	bombardment.[67]	However,	computer	simulations	in	2008	suggest	that	Jupiter	does	not	cause	a	net	decrease	in	the	number	of	comets	that	pass	through	the	inner	Solar	System,	as	its	gravity	perturbs	their	orbits	inward	roughly	as	often	as	it	accretes	or	ejects	them.[219]	This	topic
remains	controversial	among	scientists,	as	some	think	it	draws	comets	towards	Earth	from	the	Kuiper	belt,	while	others	believe	that	Jupiter	protects	Earth	from	the	Oort	cloud.[220]In	July	1994,	the	Comet	ShoemakerLevy	9	comet	collided	with	Jupiter.[221][222]	The	impacts	were	closely	observed	by	observatories	around	the	world,	including	the
Hubble	Space	Telescope	and	Galileo	spacecraft.[223][224][225]	The	event	was	widely	covered	by	the	media.[226]Surveys	of	early	astronomical	records	and	drawings	produced	eight	examples	of	potential	impact	observations	between	1664	and	1839.	However,	a	1997	review	determined	that	these	observations	had	little	or	no	possibility	of	being	the
results	of	impacts.	Further	investigation	by	this	team	revealed	a	dark	surface	feature	discovered	by	astronomer	Giovanni	Cassini	in	1690	may	have	been	an	impact	scar.[227]See	also:	Jupiter	in	fiction	and	Planets	in	astrology	JupiterJupiter,	woodcut	from	a	1550	edition	of	Guido	Bonatti's	Liber	AstronomiaeThe	existence	of	the	planet	Jupiter	has	been
known	since	ancient	times.	It	is	visible	to	the	naked	eye	in	the	night	sky	and	can	be	seen	in	the	daytime	when	the	Sun	is	low.[228]	To	the	Babylonians,	this	planet	represented	their	god	Marduk,[229]	chief	of	their	pantheon	from	the	Hammurabi	period.[230]	They	used	Jupiter's	roughly	12-year	orbit	along	the	ecliptic	to	define	the	constellations	of	their
zodiac.[229]The	mythical	Greek	name	for	this	planet	is	Zeus	(),	also	referred	to	as	Dias	(),	the	planetary	name	of	which	is	retained	in	modern	Greek.[231]	The	ancient	Greeks	knew	the	planet	as	Phaethon	(),	meaning	"shining	one"	or	"blazing	star".[232][233]	The	Greek	myths	of	Zeus	from	the	Homeric	period	showed	particular	similarities	to	certain
Near-Eastern	gods,	including	the	Semitic	El	and	Baal,	the	Sumerian	Enlil,	and	the	Babylonian	god	Marduk.[234]	The	association	between	the	planet	and	the	Greek	deity	Zeus	was	drawn	from	Near	Eastern	influences	and	was	fully	established	by	the	fourth	century	BC,	as	documented	in	the	Epinomis	of	Plato	and	his	contemporaries.[235]The	god
Jupiter	is	the	Roman	counterpart	of	Zeus,	and	he	is	the	principal	god	of	Roman	mythology.	The	Romans	originally	called	Jupiter	the	"star	of	Jupiter"	(Iuppiter	Stella),	as	they	believed	it	to	be	sacred	to	its	namesake	god.	This	name	comes	from	the	Proto-Indo-European	vocative	compound	*Dyu-pter	(nominative:	*Dyus-ptr,	meaning	"Father	Sky-God",	or
"Father	Day-God").[236]	As	the	supreme	god	of	the	Roman	pantheon,	Jupiter	was	the	god	of	thunder,	lightning,	and	storms,	and	was	called	the	god	of	light	and	sky.[237]In	Vedic	astrology,	Hindu	astrologers	named	the	planet	after	Brihaspati,	the	religious	teacher	of	the	gods,	and	called	it	"Guru",	which	means	the	"Teacher".[238][239]	In	Central	Asian
Turkic	myths,	Jupiter	is	called	Erendiz	or	Erentz,	from	eren	(of	uncertain	meaning)	and	yultuz	("star").	The	Turks	calculated	the	period	of	the	orbit	of	Jupiter	as	11	years	and	300	days.	They	believed	that	some	social	and	natural	events	connected	to	Erentz's	movements	in	the	sky.[240]	The	Chinese,	Vietnamese,	Koreans,	and	Japanese	called	it	the
"wood	star"	(Chinese:	;	pinyin:	mxng),	based	on	the	Chinese	Five	Elements.[241][242][243]	In	China,	it	became	known	as	the	"Year-star"	(Sui-sing),	as	Chinese	astronomers	noted	that	it	jumped	one	zodiac	constellation	each	year	(with	corrections).	In	some	ancient	Chinese	writings,	the	years	were,	in	principle,	named	in	correlation	with	the	Jovian
zodiac	signs.[144]Outline	of	Jupiter	Overview	of	and	topical	guide	to	JupiterEccentric	Jupiter	Jovian	planet	that	orbits	its	star	in	an	eccentric	orbitHot	Jupiter	High-mass	planet	orbiting	close	to	a	starSuper-Jupiter	Class	of	planets	with	more	mass	than	JupiterJovianPlutonian	gravitational	effect	Astronomical	hoaxList	of	gravitationally	rounded	objects	of
the	Solar	System^	The	light	filters	are	658	nm,	502	nm,	and	395	nm,[1]	roughly	corresponding	to	red,	green	and	blue	respectively^	Jupiter's	atmosphere	and	its	appearance	constantly	change,	and	hence	its	current	appearance	today	may	not	resemble	what	it	was	when	this	image	was	taken.	Depicted	in	this	image,	however,	are	a	few	features	that
remain	consistent,	such	as	the	famous	Great	Red	Spot,	featured	prominently	in	the	lower	right	of	the	image,	and	the	planet's	recognisable	banded	appearance.^	a	b	c	d	e	f	Refers	to	the	level	of	1	bar	atmospheric	pressure^	Based	on	the	volume	within	the	level	of	1	bar	atmospheric	pressure^	100	x	(equatorial	radius-	polar	radius)/(equatorial	radius)	=
100	x	(71492-66854)/71492	=	6.487%.^	See	for	example:	"IAUC	2844:	Jupiter;	1975h".	International	Astronomical	Union.	October	1,	1975.	Retrieved	October	24,	2010.	That	particular	word	has	been	in	use	since	at	least	1966.	See:	"Query	Results	from	the	Astronomy	Database".	Smithsonian/NASA.	Retrieved	July	29,	2007.^	About	the	same	as	sugar
syrup	(syrup	USP),[45]^	See	Moons	of	Jupiter	for	details	and	cites^	"Jupiter	OPAL	2024".	NASA.	2024.	Retrieved	May	10,	2025.^	Simpson,	J.	A.;	Weiner,	E.	S.	C.	(1989).	"Jupiter".	Oxford	English	Dictionary.	Vol.8	(2nded.).	Clarendon.	ISBN978-0-19-861220-9.^	a	b	c	d	e	f	g	h	Williams,	David	R.	(December	23,	2021).	"Jupiter	Fact	Sheet".	NASA.
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astronomer.Animation	on	YouTube	of	the	Juno	spacecraft's	flyby	of	Ganymede	and	Jupiter	by	NASA.Portals:	Stars	Spaceflight	Outer	spaceRetrieved	from	"	2Major	asteroid10	HygieaHygiea's	southern	hemisphere	imaged	by	the	Very	Large	Telescope	in	July	2017Discovery[1]DiscoveredbyAnnibale	de	GasparisDiscoverysiteAstronomical	Observatory	of
CapodimonteDiscoverydate12	April	1849DesignationsMPCdesignation(10)	HygieaPronunciation/hadi/[2]Named	afterHygieiaAlternative	designationsA849	GA	A900	GAMinorplanet	categoryMain	belt	(middle)	Hygiea	familyAdjectivesHygiean	/hadin/[3]Symbol	(historical	astronomical),	(modern	astrological)Orbital	characteristics[1]Epoch	5	May	2025
(JD	2460800.5)Uncertainty	parameter	0Aphelion3.488AU	(522millionkm)Perihelion2.799AU	(419millionkm)Semi-major	axis3.144AU	(470millionkm)Eccentricity0.1096Orbital	period	(sidereal)5.57	yr	(2,036	days)Mean	anomaly181.38Mean	motion0	10m	36.588s	/	dayInclination3.832	to	eclipticLongitudeof	ascendingnode283.13Timeof	perihelion9
February	2028Argumentof	perihelion312.71Proper	orbital	elements[4]Proper	semi-major	axis3.1418AUProper	eccentricity0.1356Proper	inclination5.1039Proper	mean	motion64.6218deg/	yrProper	orbital	period5.57088	yr(2034.762	d)Precession	of	perihelion128.544arcsec/	yrPrecessionof	the	ascendingnode96.9024arcsec/	yrPhysical
characteristicsDimensions450km	430km	424km(10km	10km	20km)[5]:18Mean	diameter4338km	(2021)[5]:643414km	(2020)[6]:136Flattening0.060.05[a]Mass(8.740.69)1019kg	(2021)[5]:6(8.320.80)1019kg	(2020)[6]:137Mean	density2.060.20g/cm3	(2021)[5]:61.9440.250g/cm3	(2020)[6]:137Equatorial	surfacegravity0.12m/s2	(average)Equatorial
escape	velocity0.229m/s	(average)Sidereal	rotation	period13.825590.00005h[6]:136[5]:18Axial	tilt120	to	ecliptic[5]:18Northpole	right	ascension3193[6]:136Northpole	declination463[6]:136Pole	ecliptic	latitude293[5]:18Pole	ecliptic	longitude3063[5]:18Geometric	albedo0.063	(2021)[5]:60.072	(2020)[6]:139Surface
temp.minmeanmaxKelvin100[7]163[7]2305[8][9]Spectral	typeC[1]Apparent	magnitude9.0	to	12.0[10]Absolute	magnitude(H)5.65[1]Angular	diameter0.321	to	0.13310	Hygiea	is	a	large	asteroid	located	in	the	outer	main	asteroid	belt	between	the	orbits	of	Mars	and	Jupiter.	It	was	the	tenth	known	asteroid,	discovered	on	12	April	1849	by	Italian
astronomer	Annibale	de	Gasparis	at	the	Astronomical	Observatory	of	Capodimonte	in	Naples,	Italy.	It	was	named	after	Hygieia,	the	Greek	goddess	of	health.	It	is	the	fourth-largest	main-belt	asteroid	by	both	volume	and	mass,	with	a	mean	diameter	of	433km	(269mi)	and	a	mass	constituting	3%	of	the	main	asteroid	belt's	total	mass.Hygiea	has	a	nearly
spherical	shape,	with	two	known	craters	about	100	and	180km	(62	and	112mi)	in	diameter.	Because	of	its	shape	and	large	size,	some	researchers	consider	Hygiea	a	possible	dwarf	planet.	Hygiea	has	a	dark,	carbonaceous	surface	consisting	of	hydrated	and	ammoniated	silicate	minerals,	with	carbonates	and	water	ice.	Hygiea's	subsurface	likely
contains	a	large	fraction	of	water	ice.	These	characteristics	make	Hygiea	very	similar	to	the	main-belt	dwarf	planet	Ceres,	which	suggests	the	two	objects	have	similar	origins	and	evolutionary	histories.[11]:2Hygiea	is	the	parent	body	of	the	Hygiea	family,	an	asteroid	family	comprising	over	7,000	known	asteroids	that	share	similar	orbital	and
compositional	characteristics	with	Hygiea.[12]	The	Hygiea	family	is	believed	to	have	formed	by	a	giant	impact	on	Hygiea	about	2	to	3	billion	years	ago.[13]	This	impact	is	thought	to	have	shattered	Hygiea,	which	led	to	its	reaccumulation	as	a	nearly	spherical	body.Annibale	de	Gasparis	discovered	Hygiea	on	12	April	1849.Hygiea	was	discovered	on	the
evening	of	12	April	1849	by	Italian	astronomer	Annibale	de	Gasparis	at	the	Astronomical	Observatory	of	Capodimonte	in	Naples,	Italy.[14]:XV[15]:10	On	that	night	he	was	using	the	observatory's	Reichenbach	equatorial	telescope[16][b]	to	observe	a	section	of	the	sky	in	the	12th	hour	of	right	ascension,	as	part	of	his	larger	project	of	cataloguing	stars
along	the	ecliptic	up	to	the	14th	apparent	magnitude.[14]:XVXVI[15]:10	While	comparing	his	observations	to	the	Berlin	Academy's	star	chart,[15]:10[c]	de	Gasparis	noticed	a	starlike	object	between	magnitude	9	and	10	which	was	not	recorded	before.[19]:126[15]:10[d]	Although	poor	weather	prevented	further	observations	for	a	few	days,	de	Gasparis
reobserved	the	object	on	14	and	17	April	and	confirmed	it	had	moved	between	these	dates.[19]:126[18]	Judging	by	how	much	the	object	had	moved,	de	Gasparis	concluded	it	must	be	another	new	planet[e]	between	the	orbit	of	Mars	and	Jupiter.[19]:126	De	Gasparis	announced	his	discovery	to	Erasmo	Fabri	Scarpellini,[22]:28	secretary	of	the
Correspondenza	Scientifica	bulletin	at	Rome,	Italy,[19]:126	who	in	turn	passed	on	the	news	to	Heinrich	Christian	Schumacher,	who	published	it	in	the	Astronomische	Nachrichten	journal	on	11	May	1849.[18][21]	Hygiea	was	the	first	asteroid	discovered	by	de	Gasparis	and	the	tenth	asteroid	discovered	in	history.[21][23]:80	He	would	later	discover
another	six	asteroids	between	1850	and	1853	and	two	more	during	the	1860s.[21]De	Gasparis	invited	Ernesto	Capocci	Belmonte,	his	friend	and	director	of	the	Capodimonte	Observatory,	to	assign	a	name	to	the	asteroid	as	gratitude	for	his	help	and	advice.[14]:XVI[15]:10	Capocci	suggested	the	name	Igeathe	Italian	spelling	of	Hygieia,	the	Greek
goddess	of	health	and	daughter	of	Asclepius.[16][15]:10	De	Gasparis	added	the	adjective	Borbonica	to	Capocci's	suggested	name,	to	honor	King	Ferdinand	II	of	the	Bourbons	of	Naples	who	ruled	the	Kingdom	of	the	Two	Sicilies	and	supported	the	work	of	the	Capodimonte	Observatory.[24][14]:XVI	Together,	de	Gasparis	and	Capocci	proposed	the
name	Igea	Borbonica	("Bourbon	Hygieia")	in	a	letter	forwarded	to	Ferdinand	II	on	8	May	1849.[25][15]:10	De	Gasparis's	commemoration	of	the	Bourbons	may	have	helped	him	and	Capocci	circumvent	punishment	for	their	participation	in	the	liberal	movements	of	1848.[26]The	name	Igea	Borbonica	was	not	mentioned	in	the	first	communications	to
the	European	scientific	community.[15]:10	When	English	astronomer	John	Herschel	received	the	news	of	Hygiea's	discovery	from	his	Neapolitan	colleagues,[15]:10	he	suggested	that	Parthenope	would	be	an	apt	name	for	de	Gasparis's	discovery,	as	it	comes	from	the	siren	who	founded	Naples	in	Greek	mythology.[21][19]:127	In	a	letter	written	to
English	mathematician	Augustus	De	Morgan	in	April	1849,	Herschel	wrote:No	name	has	yet	been	mentioned.	What	do	you	think	of	Parthenope	(being	a	Neapolitan?)	I	should	think	it	will	occur	as	a	matter	of	course	to	Gasparis	if	he	has	any	classical	reading.John	Herschel,	in	a	letter	to	Augustus	De	Morgan	(April	1849)[16][15]:1011Herschel
corresponded	with	other	European	scientists	and	astronomers	to	hear	their	thoughts	on	the	name	Parthenope	for	de	Gasparis's	discovery,	although	by	the	time	he	reached	out	to	de	Gasparis,	Hygiea	had	already	been	named	one	month	earlier.[16]	When	Schumacher,	editor	of	Astronomische	Nachrichten,	learned	of	the	name	proposed	by	de	Gasparis
and	Capocci,	he	complained	in	a	letter	addressed	to	Herschel	on	26	June	1849	that	it	had	the	Italian	spelling	instead	of	the	Latin	form,	as	conventionally	done	for	all	the	other	planets.[16]	Regardless,	de	Gasparis	recognized	Herschel's	suggestion	and	expressed	desire	to	realize	Herschel's	wish.[16][19]:167	On	11	May	1850,	de	Gasparis	discovered	the
asteroid	11	Parthenope	and	acknowledged	Herschel	for	the	name	in	his	announcement.[21]There	are	multiple	variations	on	the	Latin	spelling	of	Hygiea,	including	Hygia,	Hygia,	and	Hygea.[16][27]	The	modern	English	form	Hygiea	is	a	less	common	variant	of	the	name	of	the	goddess,	which	in	Greek	is	(Hygieia)[28]	or	(Hygeia).[29]	The	name	was
often	spelled	Hygeia	(and	occasionally	Hygea[30][23]:80)	by	astronomers	during	the	early	1850s,	though	by	the	1860s,	the	spelling	Hygiea	became	commonplace.[31]	According	to	the	English	astronomer	John	Russell	Hind,	the	adjective	Borbonica	had	been	dropped	by	1852.[19]:126[32]:6870As	with	the	other	previously	discovered	asteroids,	Hygiea
was	given	an	astronomical	symbol	as	a	way	of	representing	it.	The	symbol	for	Hygiea	was	proposed	by	de	Gasparis	in	a	letter	addressed	to	Hind	on	4	November	1850,	in	which	he	wrote,	"The	symbol	of	Hygeia	[sic]	is	a	serpent	(like	a	Greek	)	crowned	with	a	star."[33]	Visually,	de	Gasparis's	symbol	for	Hygiea	is	depicted	as:	(U+1F779	in	Unicode	17.0).
[34]:7[35]	The	serpent,	particularly	when	drinking	from	a	bowl,	is	a	traditional	symbol	of	the	goddess	Hygieia	(cf.	U+1F54F	).[36]However,	perhaps	due	to	the	late	announcement	of	Hygiea's	intended	symbol,	it	was	not	used	in	following	astronomical	almanacs	such	as	the	Berliner	Astronomisches	Jahrbuch	in	1850	and	the	Nautical	Almanac	and
Astronomical	Ephemeris	in	1852,	marking	the	first	time	an	asteroid	was	listed	without	its	symbol	in	these	almanacs.[34]:7	American	astronomer	Benjamin	Apthorp	Gould	interpreted	Hygiea's	symbol	as	a	rod	of	Asclepius,	depicting	it	as	a	serpent	coiled	around	a	staff	in	a	January	1852	publication	of	the	Astronomical	Journal:	(U+2695	).
[23]:80[34]:7Both	symbols	of	Hygiea	are	now	largely	obsolete	as	the	number	of	asteroids	discovered	had	grown	too	much	for	each	to	have	unique	symbols.[37][23]:80	In	1851	Johann	Franz	Encke	proposed	a	different	identification	system,	suggesting	using	a	number	corresponding	to	the	order	of	discovery	enclosed	in	a	small	circle[37][34]:5for	Hygiea
it	would	be	.[23]:80	Astronomers	began	adopting	Encke's	circled	number	scheme	in	scientific	publications,	though	as	the	number	of	asteroids	discovered	grew,	astronomers	eventually	switched	to	enclosing	the	number	in	parentheses,	which	became	the	modern	minor-planet	designation	scheme.[37][34]:5	In	the	case	of	Hygiea,	its	modern	minor	planet
designation	would	be	(10)	Hygiea[10]	or	10	Hygiea.[1]The	Minor	Planet	Center	uses	the	minor	planet	provisional	designations	A849	GA	and	A900	GA	for	Hygiea,[10]	though	these	are	only	retrospective	extensions	of	the	new-style	provisional	designation	scheme	established	in	1925.[38]	While	the	provisional	designation	A849	GA	refers	to	the	discovery
date	of	Hygiea,	the	designation	A900	GA	refers	to	the	date	when	Hygiea	was	serendipitously	observed	and	catalogued	(as	Arequipa	38[39]:13)	by	the	Harvard	College	Observatory's	photographic	sky	survey	at	Arequipa,	Peru	in	1900.[40][10][f]Hygiea	has	seen	some	minor	astrological	use,	though	its	symbol	was	confused	once	again,	with	Asclepsius's
rod	replaced	by	Mercury's	caduceus:	,	though	in	a	more	elaborate	form	(U+2BDA	)	than	the	caduceus	symbol	of	the	planet	Mercury.[34]:6[41]:11	The	caduceus	has	long	been	mistaken	for	the	rod	of	Asclepius	(see	caduceus	as	a	symbol	of	medicine).This	graphic	used	in	the	IAU	2006	draft	proposal	listed	Hygiea	as	a	potential	planet.[42]:17While	the
first	four	asteroids	discoveredCeres	(1801),	Pallas	(1802),	Juno	(1804),	and	Vesta	(1807)were	considered	planets	during	the	first	half	of	the	19th	century	(with	some	astronomers	continuing	to	consider	them	as	such	until	the	end	of	the	century),	the	discovery	of	Hygiea	occurred	when	the	classification	of	asteroids	was	already	evolving.[37]	Hygiea	was
referred	to	as	a	planet	in	the	following	years	after	its	discovery,[16]	though	by	1852	astronomers	have	also	called	Hygiea	a	minor	planet[19]:127	or	an	asteroid.[23]:80	These	terms	were	introduced	prior	to	Hygiea's	discovery	and	became	more	used	with	the	discovery	of	more	asteroids	beginning	in	the	1850s.[37]	From	the	second	half	of	the	19th
century,	asteroids	began	to	be	treated	in	a	predominantly	collective	way,	grouped	according	to	orbital	or	spectral	characteristics,	with	less	attention	to	the	individual	object.[43]In	2006,	the	International	Astronomical	Union's	(IAU)	committee	for	drafting	a	new	definition	of	planet	had	considered	classifying	Hygiea	among	the	planets	or	the	newly-
coined	category	of	dwarf	planets,	if	it	were	found	that	the	asteroid	is	massive	enough	to	be	shaped	predominantly	by	hydrostatic	equilibrium.[44]:238[42]:17[45]:50	This	proposal	for	the	definition	of	planet	has	since	been	revised	and	adopted	to	decree	that	a	planet	must	orbit	the	Sun,	have	sufficient	mass	to	attain	a	spherical	shape	by	hydrostatic
equilibrium,	and	clear	its	neighbourhood;	objects	that	satisfy	all	but	the	last	criterion	are	considered	dwarf	planets.[46][6]:137138	Since	2019,	telescope	images	have	resolved	Hygiea's	nearly	spherical	shape,	suggesting	that	it	may	have	reached	hydrostatic	equilibrium.[12]	Because	Hygiea	already	orbits	the	Sun	and	is	located	in	the	asteroid	belt
where	it	has	not	cleared	its	orbital	neighborhood,	Hygiea's	nearly	spherical	shape	could	qualify	it	as	a	dwarf	planet,	according	to	Pierre	Vernazza	and	collaborators	who	studied	Hygiea	with	telescope	imaging.[46][6]:138139[12]	If	so,	Hygiea	could	be	the	smallest	dwarf	planet	known.[12][47]	However,	the	IAU	has	not	yet	officially	classified	Hygiea	as
a	dwarf	planet.[11]:1Diagram	of	Hygiea's	orbit	(white),	with	the	inner	planets'	and	Jupiter's	orbits	labelledHygiea	orbits	the	Sun	at	an	average	distance	(semi-major	axis)	of	3.14astronomical	units	(AU;	470millionkm	or	290millionmi),[1]	which	places	it	in	the	outer	portion	of	the	main	asteroid	belt	between	Mars	and	Jupiter.[48]:18	Hygiea	has	an	orbital
period	of	5.57	Earth	years	and	follows	an	elliptical	orbit	where	its	distance	from	the	Sun	ranges	between	2.79AU	(420millionkm;	260millionmi)	at	perihelion	to	3.49AU	(520millionkm;	320millionmi)	at	aphelion.[1]	Hygiea	has	a	relatively	low[49]:122[50]:3569	orbital	inclination	of	3.8	with	respect	to	the	ecliptic	plane.[1]	In	its	current	orbit,	Hygiea
never	comes	closer	than	1.24AU	(186millionkm;	115millionmi)	from	Mars	and	1.54AU	(230millionkm;	143millionmi)	from	Jupiter.[10]Hygiea	is	in	a	three-body	mean	motion	orbital	resonance	with	Jupiter	and	Saturn.[51]:3032	In	this	resonance,	the	mean	motions	or	orbital	frequencies	of	Jupiter,	Saturn,	and	Hygiea	follow	the	relation	8	n	J	u	p	i	t	e	r	4	n
S	a	t	u	r	n	3	n	H	y	g	i	e	a	=	0	{\displaystyle	8n_{\rm	{Jupiter}}-4n_{\rm	{Saturn}}-3n_{\rm	{Hygiea}}=0}	,	where	a	linear	combination	of	their	mean	motions	(	n	{\displaystyle	n}	)	with	integer	coefficients	equals	zero.[51]:3032[52]:78	Simulations	show	that	this	three-body	resonance	leads	to	a	chaotic	evolution	in	Hygiea's	orbit,	with	a
short[51]:3029	Lyapunov	time	between	14,000[4]	and	16,000	years.[52]:78	This	means	that	changes	in	Hygiea's	orbit	become	exponentially	less	predictable	over	this	time	scale.[51]:3029Other	asteroids	occasionally	pass	close	to	Hygiea,	sometimes	close	enough	that	their	trajectories	become	visibly	perturbed	or	deflected	by	Hygiea's	gravity.
[53]:311[54]:29	This	allows	astronomers	to	measure	Hygiea's	mass.[53]:311	A	search	conducted	in	2002	identified	40	known	asteroids	that	have	passed	within	0.05AU	(7.5millionkm;	4.6millionmi)	of	Hygiea	between	1970	and	2000.[55]:1118	Over	a	time	span	of	30	million	years,	Hygiea's	gravitational	perturbations	can	cause	the	proper	semi-major
axes	of	close-passing	asteroids	to	change	by	0.000908AU	(136,000km;	84,400mi).[56]:5Location	and	structure	of	the	Hygiea	familyMain	article:	Hygiea	familyThis	section	needs	expansion.	You	can	help	by	adding	to	it.	(March	2025)Hygiea	is	the	parent	body	of	the	Hygiea	family,	an	asteroid	family	comprising	over	7,000	known	asteroids	that	share
similar	orbital	and	compositional	characteristics	with	Hygiea.[12]	The	Hygiea	family	is	the	most	populous	asteroid	family	in	the	outer	main	belt,[50]	and	is	believed	to	have	formed	by	a	giant	impact	on	Hygiea	that	ejected	at	least	1.7%	of	the	asteroid's	original	mass[6]	about	2	to	3	billion	years	ago.[13]	The	impactor	that	formed	the	Hygiea	family	was
probably	between	75	and	150km	(47	and	93mi)	in	diameter.[6]	Hygiea	contains	almost	all	the	mass	(over	98%)	of	the	family.[6]Rotational	light	curve	of	Hygiea	measured	by	the	TRAPPIST	telescope	in	2018Simulation	of	Hygiea's	retrograde	(clockwise)	rotationThe	rotation	period	of	Hygiea	is	about	13.83hours	(13	hours	and	49.5	minutes),	with	an
uncertainty	of	0.2	seconds.[6]:136[5]:18	This	rotation	period	was	determined	via	direct	imaging	and	analysis	of	Hygiea's	light	curve,	or	changes	in	brightness	over	time.[57][6]:139	From	Earth,	Hygiea's	brightness	periodically	fluctuates	by	up	to	15%	from	its	average	value[58]:3	as	albedo	features	on	Hygiea's	surface	rotate	in	and	out	of	view.[57]	The
north	pole	of	Hygiea's	rotation	axis	points	toward	the	ecliptic	south,	in	the	direction	of	ecliptic	longitude	3063	and	ecliptic	latitude	293.[5]:18	This	means	Hygiea's	rotation	axis	is	highly	tilted	with	an	obliquity	of	120	with	respect	to	the	ecliptic.[5]:18	Since	Hygiea's	obliquity	is	greater	than	90,	it	has	a	retrograde	rotation,	meaning	it	rotates	backwards
with	respect	to	the	direction	of	its	orbit	around	the	Sun.[59]:54Before	it	was	directly	imaged	by	telescopes	in	20172018,	Hygiea	was	thought	to	have	a	rotation	period	twice	as	long	as	the	currently	accepted	value.[57][6]:139	The	first	measurements	of	Hygiea's	rotation	period	beginning	in	the	1950s	reported	18	hours[60]:538539[59]:53	while	studies
from	1991	and	onward	reported	27.6	hours.[6]:139	These	past	observations	did	not	collect	enough	datapoints	to	produce	reliable	light	curves,	which	led	to	these	inaccurate	rotation	period	measurements.[57][6]:139Relative	sizes	of	the	four	largest	asteroids.	Hygiea	is	furthest	right.Hygiea	is	the	fourth-largest	main-belt	asteroid	by	both	volume	and
mass,	with	a	volume-equivalent	mean	diameter	of	4338km	(2695mi)	and	a	mass	of	(8.740.69)1019kg.[g]	Compared	to	the	largest	asteroid	Ceres,	Hygiea	is	less	than	half	its	diameter	and	is	roughly	10%	as	massive.[11]:15	Hygiea	constitutes	3%	of	the	total	mass	of	the	entire	main	belt[61]:736	and	is	the	largest	asteroid	in	the	outer	main	belt.[48]:18
The	four	largest	asteroids	(Ceres,	Pallas,	Vesta,	and	Hygiea)	together	make	up	a	little	more	than	half	of	the	entire	main	belt's	mass.[61]:738	These	four	largest	asteroids	have	sometimes	been	collectively	referred	to	as	the	"Big	Four"	by	astronomers,[62][55]	although	historically	this	term	meant	the	first	four	asteroids	discovered	(Ceres,	Pallas,	Juno,
and	Vesta).[63]:26	Hygiea	was	not	recognized	as	the	fourth-largest	asteroid	until	1974,	when	David	Morrison	measured	its	diameter	and	albedo	for	the	first	time	by	using	its	infrared	thermal	emission.[64]:211The	best	estimate	for	Hygiea's	diameter	was	measured	via	direct	imaging	using	the	Very	Large	Telescope	(VLT)	in	Chile,	whose	atmospheric
turbulence-correcting	adaptive	optics	could	resolve	the	asteroid	in	high	angular	resolution.[12][5]:1	Hygiea's	mass	was	measured	by	observing	how	its	gravity	deflects	the	paths	of	other	asteroids	that	pass	near	it.[58]:1819	This	requires	an	extensive	number	of	observations	with	accurate	positional	measurements	of	the	deflected	asteroid	before	and
after	its	close	approach.[65]:1[53]:311	The	measurement	of	Hygiea's	mass	through	this	method	was	first	attempted	in	1986,	with	the	analysis	of	a	past	close	approach	by	the	asteroid	829	Academia	(which	passed	0.006AU	or	900thousandkm	or	560thousandmi	from	Hygiea	on	19	May	1927[66]:705).[53]:311313	Hygiea's	mass	has	since	been	refined
with	additional	asteroid	close	approaches	and	more	accurate	observations.[66]:705[58]:1819The	nearly	spherical	shape	model	of	Hygiea	as	seen	from	three	mutually	orthogonal	viewsHygiea's	two	large	craters	"Serpens"	and	"Calix"	identified	in	VLT	images	from	2017.	A	bright	spot	is	also	present	near	Calix.Hygiea	is	a	nearly	spherical	or	ellipsoidal
object[46][6]:137	whose	diametric	dimensions	are	450km	430km	424km	(280mi	267mi	263mi),	with	an	uncertainty	of	10km	(6.2mi)	for	the	equatorial	axes	and	20km	(12mi)	for	the	polar	axis.[6]:136	It	is	the	second-most	spherical	main-belt	asteroid	after	Ceres.[5]:5	The	nearly	spherical	shape	of	Hygiea	suggests	it	may	be	in	hydrostatic	equilibrium,
having	attained	its	shape	by	its	own	gravity.[6]:138	Specifically,	Hygiea's	polar	flattening	and	specific	angular	momentum	closely	matches	that	of	a	Maclaurin	spheroid,	which	is	the	shape	assumed	by	a	rotating	self-gravitating	fluid	in	hydrostatic	equilibrium.[6]:137[5]:7In	contrast	to	the	larger	asteroid	Vesta,	Hygiea	lacks	large	impact	craters	or
basins	that	would	otherwise	deform	its	shape	from	a	sphere.[6]:137	Only	two	craters	on	Hygiea	have	been	confidently	identified	in	VLT	imaging,	with	their	respective	diameters	being	18015km	(111.89.3mi)	and	9710km	(60.36.2mi).[6]:139[58]:11	Both	craters	appear	to	have	central	peaks.[58]:11	Vernazza	and	collaborators	who	studied	these	images
have	informally	named	the	larger	crater	"Serpens"	and	smaller	crater	"Calix",	after	the	Latin	words	for	'snake'	and	'cup',	respectively.[46][58]:11	These	names,	which	are	not	approved	by	the	IAU,	were	chosen	because	their	eponyms	commonly	appear	in	symbols	of	Hygiea.[58]:11Besides	Serpens	and	Calix,	VLT	images	of	Hygiea	show	no	obvious	or
bowl-shaped	craters	larger	than	30km	(19mi)	in	diameter.[6]:139	Ceres	similarly	lacks	large	bowl-shaped	craters	and	is	instead	dominated	by	flat-floored	complex	craters,	which	are	difficult	to	see	from	Earththis	may	be	the	case	for	Hygiea.[6]:139[5]:9	An	abundance	of	flat-floored	craters	on	Hygiea	could	indicate	a	water	ice-rich	subsurface,	which
would	allow	for	the	relaxation	of	its	surface	topography.[6]:139Although	Hygiea	lacks	major	impact	basins,	the	existence	of	the	Hygiea	family	points	to	a	major	collisional	event	in	its	past.[12]	Rather	than	leaving	a	giant	impact	basin	like	on	Vesta,	the	impact	is	thought	to	have	completely	shattered	Hygiea,	which	erased	all	of	its	pre-existing	surface
features.[46][6]:137	Simulations	of	the	giant	impact	show	that	most	of	Hygiea's	debris	reaccumulated	into	an	oscillating	fluid-like	body,	which	was	able	to	relax	into	a	sphere	by	its	own	gravity.[47][6]:137138	The	present-day	ellipsoidal	shape	of	Hygiea	suggests	it	solidified	around	four	hours	after	the	impact.[6]:137[58]:8	Other	large	asteroids	that	are
parents	of	asteroid	families,	such	as	8	Flora	and	31	Euphrosyne,	have	also	been	found	to	show	roughly	spherical	shapes	and	are	thus	believed	to	have	undergone	similar	collisional	disruption	and	reaccumulation.[5]:5Albedo	and	shadow	map	of	Hygiea's	southern	hemisphere	in	an	equirectangular	projection,	constructed	from	VLT	images.
[6]:139[58]:10	A	bright	spot	is	present	at	longitude	290	and	latitude	30.[6]:139The	surface	of	Hygiea	is	dark,[67]:1	with	an	average	visual	geometric	albedo	estimated	between	6.3%	and	7.2%.[5]:6[6]:139	The	apparent	brightness	or	reflectance	varies	across	Hygiea's	surface	due	to	variations	in	albedo	and	shadows	cast	by	topographic	features.[6]:139
VLT	images	of	Hygiea	show	several	bright	spots	on	its	surface,	with	the	brightest	one	located	on	Hygiea's	southern	hemisphere	at	longitude	290	and	latitude	30.[6]:139	This	bright	spot	is	10%	brighter	than	the	average	reflectance	of	Hygiea's	surface.[6]:139	A	large	dark	region	is	present	along	Hygiea's	equator	at	longitude	60	and	latitude	0,	though	it
is	most	likely	a	shadowed	region.[6]:139	The	albedo	and	reflectance	variation	across	Hygiea's	surface	resembles	those	of	Ceres.[6]:139The	temperature	on	Hygiea's	surface	depends	on	the	asteroid's	rotation,	distance	from	the	Sun,[7]:336	and	the	properties	of	its	surface	regolith.[68]:194	While	the	surface	of	Hygiea	have	been	observed	to	reach
temperatures	as	high	as	230K	(43C;	46F)	at	the	subsolar	point,[8]:204[9]:394	the	surface	cools	down	it	rotates	away	from	the	Sun,	which	averages	out	the	temperature.[68]:196	Between	Hygiea's	perihelion	and	aphelion	distances,	the	average	temperature	can	range	from	150	to	180K	(123	to	93C;	190	to	136F).[69]:434	At	Hygiea's	semi-major	axis,
the	average	temperature	would	be	163K	(110C;	166F).[7]:336Hygiea	has	been	described	as	a	"fairly	dusty	object",[68]:199[49]:120	with	a	regolith	layer	consisting	mostly	of	fine	dust	rather	than	coarse	rock.[7]:335	This	fine	regolith	has	a	low	thermal	inertia,	meaning	it	radiates	away	heat	more	easily	and	leads	to	cooler	temperatures	on	Hygiea's
surface.[68]:194195	The	regolith	of	Hygiea	may	be	dustier	(and	thus	finer[70]:4)	than	that	of	Earth's	Moon,	which	could	imply	a	more	mature	regolith[68]:199	that	has	experienced	more	space	weathering.[70]:4	The	regolith	layer	of	Hygiea	is	at	least	8cm	(3.1in)	deep.[7]:335[8]:203	These	properties	of	Hygiea's	regolith	were	inferred	from	the
asteroid's	lower-than-expected	temperature	and	thermal	emission	in	infrared,	submillimetre,	and	microwave	wavelengths.[68]:195[7]:335The	similar	spectra	of	Ceres	(red)	and	Hygiea	(blue)	in	visible	to	near-infrared	wavelengths	indicate	they	have	similar	compositions.	Both	spectra	show	absorption	signatures	of	hydrated	and	ammoniated
phyllosilicates.Hygiea	is	a	carbonaceous	asteroid	whose	surface	is	largely	composed	of	hydrated	and	ammoniated	silicate	minerals	(phyllosilicates)	and	carbonates,[11]:1,4	with	hints	of	water	ice.[71]:9	This	composition	is	inferred	from	spectroscopic	observations	of	Hygiea,[11]	whose	visible	and	near-infrared	spectrum	characterize	it	as	a	C-type
asteroid.[8]:203	More	broadly,	it	makes	Hygiea	a	member	of	the	C	spectral	complex,[72]:1	which	is	common	in	the	outer	main	belt	where	Hygiea	resides.[48]:18The	spectrum	and	composition	of	Hygiea's	surface	is	very	similar	to	those	of	carbonaceous	chondrite	meteorites	and	Ceres,[11]:1	which	has	led	some	astronomers	to	call	Hygiea	a	"primitive"
object[8]:209	and	a	"virtual	spectral	twin	of	Ceres".[11]:2	Hygiea's	resemblance	to	carbonaceous	chondrites	(particularly	CM	chondrites[11]:1)	suggests	it	shares	a	similar	history	of	having	undergone	little	thermal	alteration	and	some	aqueous	alteration	of	its	original	minerals,	hence	its	likely	primitive	nature.[8]:209	Slight	differences	between	the
near-infrared	spectra	of	Hygiea	and	Ceres	indicate	they	have	slightly	different	concentrations	of	hydrated	and	ammoniated	minerals.[72]:9[11]:12	High	resolution	near-infrared	spectroscopy	by	the	James	Webb	Space	Telescope	has	found	that	Hygiea's	phyllosilicates	are	magnesium-rich[11]:5,15	and	appear	to	match	ammoniated	saponite.
[11]:12Ground-based	observations	have	shown	that	the	near-infrared	spectrum	of	Hygiea	varies	over	time,	which	implies	there	is	compositional	variation	across	Hygiea's	surface.[71]:9[73]:18	A	2011	study	by	Vladimir	Busarev	observed	Hygiea's	spectral	type	changing	between	C,	B,	and	F	over	the	course	of	its	rotation,[74]:4748	which	he	interpreted
as	an	indication	of	local	dehydration	of	Hygiea's	surface	material,[74]:50[73]:18	possibly	as	a	result	of	heating	by	impacts.[75]:15	A	2019	study	by	Andrew	Rivkin	and	colleagues	reported	changes	in	the	3.1m	absorption	feature	in	Hygiea's	near-infrared	spectrum	over	a	time	scale	of	years.[76]:1401	While	this	absorption	feature	is	often	attributed	to



ammoniated	minerals,[76]:1394,1403	its	variations	could	also	correspond	to	either	hydrated	minerals	or	potentially	water	ice	frost.[76]:1394,1401[71]:9	Rivkin	and	colleagues	speculated	that	the	variations	could	be	caused	by	exposed	subsurface	material	on	some	parts	of	Hygiea's	surface,[76]:1405	although	they	do	not	appear	to	be	correlated	with
one	particular	surface	location.[76]:1403Hygiea's	bulk	density	has	been	estimated	as	either	1.9440.250g/cm3	or	2.060.20g/cm3,	based	on	measurements	of	its	diameter	and	mass	from	2020	and	2021,	respectively.[6]:136137[5]:6	Hygiea's	bulk	density	is	similar	to	that	of	Ceres	(2.16g/cm3),[6]:137	which	together	with	Hygiea's	large	size	suggests	it
could	have	a	differentiated	interior.[71]:7,9[77]:10	Hygiea	likely	has	a	water	ice-rich	subsurface,	as	hinted	by	Hygiea's	bulk	density,	spectroscopic	detections	of	water	ice,	and	its	lack	of	large,	bowl-shaped	craters.[6]:139[78]:7	Assuming	the	higher	density	estimate	of	2.060.20g/cm3,	Hygiea	would	be	among	the	denser	members	of	the	largest	C-type
asteroids	(diameters	larger	than	300km	or	190mi),	whose	densities	range	between	1.5	to	2.16g/cm3	and	may	have	negligible	interior	macroporosities,	according	to	Vernazza	and	colleagues.[5]:12	They	further	speculated	that	the	higher	densities	of	Hygiea	and	other	large	C-type	asteroids	may	be	due	to	a	more	lithified	or	compacted	interior,	as	a
result	of	significant	aqueous	alteration.[5]:12Image	of	10	Hygiea	taken	by	the	2MASS	surveyThis	section	needs	expansion.	You	can	help	by	adding	to	it.	(March	2025)Despite	its	size,	Hygiea	appears	very	dim	when	observed	from	Earth.	This	is	due	to	its	dark	surface	and	its	position	in	the	outer	main	belt.	For	this	reason,	six	smaller	asteroids	were
observed	before	Annibale	de	Gasparis	discovered	Hygiea	on	12	April	1849.	Although	it	is	the	largest	body	in	its	region,	due	to	its	dark	surface	and	farther-than-average	distance	from	the	Sun,	Hygiea	appears	very	dim	when	observed	from	Earth.	In	fact,	it	is	the	third	dimmest	of	the	first	twenty-three	asteroids	discovered,	with	only	13	Egeria	and	17
Thetis	having	lower	mean	opposition	magnitudes.[79]	At	most	oppositions,	Hygiea	has	a	magnitude	of	around	+10.2,[79]	which	is	as	much	as	four	orders	fainter	than	Vesta,	and	observation	calls	for	at	least	a	4-inch	(100mm)	telescope	to	resolve.[80]	However,	at	a	perihelic	opposition,	Hygiea	can	reach	+9.1	magnitude	and	may	just	be	resolvable	with
10	50	binoculars,	unlike	the	next	two	largest	asteroids	in	the	asteroid	belt,	704	Interamnia	and	511	Davida,	which	are	always	beyond	binocular	visibility.[81]A	total	of	17	stellar	occultations	by	Hygiea	have	been	tracked	by	Earth-based	astronomers,[82][83]	including	two	(in	2002	and	2014)	that	were	seen	by	a	large	number	of	observers.	The
observations	have	been	used	to	constrain	Hygiea's	size,	shape	and	rotation	axis.[77]	The	Hubble	Space	Telescope	has	resolved	the	asteroid	and	ruled	out	the	presence	of	any	orbiting	companions	larger	than	about	16	kilometres	(9.9mi)	in	diameter.[84]Hygiea	has	not	been	explored	by	any	space	probe.	In	2006,	Mark	V.	Sykes	and	others	from	the
Planetary	Science	Institute	proposed	the	Exploring	the	Very	Earliest	Epoch	(EVE)	mission	to	NASA,	as	part	of	the	Discovery	Program.	The	proposal,	which	did	not	get	approved,	suggested	launching	a	copy	of	the	Dawn	probe	to	Hygiea	in	October	2011	and	arriving	to	the	asteroid	via	rendezvous	in	2021.[67]:12	In	2013,[85]:431	Pierre	Vernazza	and
Philippe	Lamy	proposed	the	medium-class	mission	INSIDER	for	the	European	Space	Agency's	Space	Programme.[86]	The	proposal,	which	also	did	not	get	approved,	suggested	rendezvousing	and	orbiting	around	two	or	three	large	main-belt	asteroids	before	releasing	one	or	two	landers.	Hygiea	and	24	Themis	were	among	the	potential	targets	of	the
INSIDER	mission	concept.[86]	The	exploration	of	primitive	main-belt	asteroids	like	Hygiea	could	provide	clues	to	the	processes	that	led	to	the	formation	of	the	solar	system.[86][67]:1704	Interamnia	the	fifth-largest	main-belt	asteroid,	whose	shape	is	close	to	hydrostatic	equilibrium[78]65	Cybele	one	of	the	largest	main-belt	asteroids,	whose	shape	is
also	close	to	hydrostatic	equilibriumList	of	former	planetsList	of	gravitationally	rounded	objects	of	the	Solar	System^	Flattening	derived	from	the	maximum	aspect	ratio	(c/a):	f	=	1	c	a	{\displaystyle	f=1-{\frac	{c}{a}}}	,	where	(c/a)	=	0.940.05.[5]:6^	The	Reichenbach	equatorial	telescope	was	the	smaller	of	the	Capodimonte	Observatory's	two
equatorial	telescopes,	with	an	objective	lens	diameter	of	8.3cm	(3.3in)	and	focal	length	of	120cm	(47in).[15]:9	The	Reichenbach	equatorial	telescope	was	located	in	the	northern	dome	of	the	observatory.[15]:10^	The	Berlin	Academy	star	chart,	which	was	published	in	years	between	1830	and	1859,	was	compiled	by	a	collaboration	of	astronomers	who
were	each	allotted	a	section	of	the	sky	spanning	one	hour	of	right	ascension.[17]:367	The	stars	in	the	12th	(XXII)	hour	of	right	ascension	were	charted	by	Carl	August	von	Steinheil,[17]:368	whose	map	aided	de	Gasparis's	discovery	of	Hygiea.[18][19]:126[14]:XVI^	Hygiea	was	located	at	the	12th	hour	of	right	ascension	in	the	sky	at	the	time	of	its
discovery.[20]^	Asteroids	were	referred	to	as	"planets"	at	the	time	of	Hygiea's	discovery.	These	would	eventually	be	recategorized	as	"minor	planets".[21]^	In	the	new-style	provisional	designation	scheme	for	pre-1925	minor	planet	discoveries,	the	designation	begins	with	the	letter	A	followed	by	three	digits	corresponding	to	the	year	of	discovery
("A849"	for	1849,	and	"A900"	for	1900)	and	ends	with	two	letters,	with	the	first	indicating	the	discovery	date's	half-month	("G"	for	the	first	half	of	April)	and	the	second	indicating	the	order	of	discovery	in	that	half-month	("A"	meaning	first	minor	planet	discovered	in	that	half-month).[38]^	These	diameter	and	mass	values	come	from	Vernazza	et	al.
(2021).[5]:6	In	an	earlier	paper	from	2020,	the	same	authors	measured	a	diameter	of	43414km	and	a	mass	of	(8.320.80)1019kg.[6]:136^	a	b	c	d	e	f	g	h	"JPL	Small-Body	Database	Lookup:	10	Hygiea	(A849	GA)"	(2025-01-13	last	obs.).	Jet	Propulsion	Laboratory.	Retrieved	28	March	2025.^	"Hygeia".	Oxford	English	Dictionary	(Onlineed.).	Oxford
University	Press.	(Subscription	or	participating	institution	membership	required.)^	"hygeian".	Oxford	English	Dictionary	(Onlineed.).	Oxford	University	Press.	(Subscription	or	participating	institution	membership	required.)^	a	b	"AstDyS-2	Hygiea	Synthetic	Proper	Orbital	Elements".	Asteroids	Dynamic	Site.	Department	of	Mathematics,	University	of
Pisa,	Italy.	Archived	from	the	original	on	19	December	2024.	Retrieved	13	April	2025.^	a	b	c	d	e	f	g	h	i	j	k	l	m	n	o	p	q	r	s	t	u	v	w	Vernazza,	P.;	Ferrais,	M.;	Jorda,	L.;	Hanu,	J.;	Carry,	B.;	Marsset,	M.;	etal.	(October	2021).	"VLT/SPHERE	imaging	survey	of	the	largest	main-belt	asteroids:	Final	results	and	synthesis".	Astronomy	&	Astrophysics.	654.
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WhatLinksHere/10_Hygiea"	Sign	in	to	edit	Timeline	of	Jupiteris	the	simplified	chronology	ofJupiter,	here,	you	will	see	the	major	events	ofJupiterfrom	4.566	billion	years	ago,	to	today	and	even	the	future.	Jupiter	was	the	first	planet	to	form	in	our	solar	system.	And	Jupiter	protects	Earth	from	major	astroid	impacts	and	puts	them	into	the	astroid	belt.
Timeline[]	Jupiter	4.566	Billion	Years	Ago	4.566	Billion	Years	Ago[]	4.565	Billion	Years	Ago[]Jupiter	began	growing	collecting	gas	from	his	surroundings	Jupiter	4	billion	years	ago	4.561	-	4	Billion	Years	Ago[]Jupiter	developed	a	circumplanetary	disk.Several	moons	formed	but	crashed	back	into	Jupiter	due	to	friction.Jupiter	gained	Io,	Europa,
Ganymede,	and	CallistoJupiter	gained	other	moons	by	capturing	them.Jupiter	throws	asteroids	into	the	Inner	Solar	System	with	his	gravity,	these	asteroids	brought	Earth	the	things	she	needed	for	life.Jupiter	ejects	Planet	9.Jupiter	is	the	largest	planet	in	the	Solar	System.He	possibly	was	double	the	size	of	today.3.8	Billion	Years	Ago[]Jupiter	started
protecting	Earth's	life	from	potentially	dangerous	asteroids	and	comets	Jupiter	30	years	ago	350	Years	Ago[]Jupiter	gained	his	Great	Red	Spot1992-1994[]A	comet	called	Shoemaker-Levy	9	crashed	into	Jupiter,	which	broke	out	into	21	pieces	Jupiter	today	Today[]Since	2016,	Juno	started	orbiting	Jupiter,	revealing	some	of	his	mysteriesJupiter	is	now
the	5th	planet	from	the	SunJupiter	is	shrinking	by	2	cm	per	year20	Years	From	Now[]Jupiter	loses	his	Great	Red	SpotFew	Million	Years	From	Now[]Jupiter	stops	shrinking	and	gained	a	constant	size	Jupiter	in	7-8	billion	years	7-8	Billion	Years	From	Now[]Jupiter	will	be	the	3rd	planet	from	the	SunJupiter	will	be	hotterJupiter	has	expanded	from
thisJupiter	will	gain	enhanced	aurora10^43	Years	From	NowJupiter	will	be	destroyed	by	a	black	hole	Page	2	Quasar	(Bottom)Irregular	(Top)	3C	321	are	two	galaxies,	well	one	galaxy	and	one	quasar,	the	galaxy	is	being	killed	by	the	quasar.Bio[]The	galaxies	are	two	sisters	that	hate	each	other,	one	of	them	are	killing	the	other	for	an	unknown
reason.Origins[]Millions	of	years	ago	there	was	two	galaxies	which	were	sisters	and	they	were	good	friends,	but	suddenly	one	of	the	galaxies	collided	with	a	quasar	the	quasar	won	the	fight	and	the	quasar	wanted	to	get	rid	if	both	galaxies,	so	the	quasar	aims	its	rays	at	the	other	galaxy	and	the	other	galaxy	is	being	shredded	to	pieces	by	the	quasar.
Share:	Jupiter	is	the	fifth	and	largest	planet	from	the	Sun,	a	gas	giant	exceeding	the	mass	of	all	other	Solar	System	planets	combined.	It	orbits	the	Sun	at	5.20	AU	with	an	11.86-year	period.	Its	diameter	is	11	times	that	of	Earth.	After	the	Moon	and	Venus,	it's	the	third-brightest	object	in	Earth's	night	sky,	observed	since	prehistoric	times.	The	planet	is
named	after	the	chief	Roman	deity,	Jupiter.	In	1906,	588	Achilles,	the	first	trojan	asteroid	of	Jupiter,	was	discovered	by	Max	Wolf.	In	1932,	Rupert	Wildt	identified	absorption	bands	of	ammonia	and	methane	in	the	spectra	of	Jupiter.	In	1938,	three	long-lived	anticyclonic	features	called	"white	ovals"	were	observed	on	Jupiter.	In	1939,	smaller,	white
oval-shaped	storms	were	formed	on	Jupiter,	which	would	eventually	merge	to	create	Oval	BA.	In	1940,	smaller,	white	oval-shaped	storms	were	formed	on	Jupiter,	which	would	eventually	merge	to	create	Oval	BA.	In	1955,	Bernard	Burke	and	Kenneth	Franklin	discovered	that	Jupiter	emits	bursts	of	radio	waves	at	a	frequency	of	22.2	MHz.	Beginning	in
1973,	several	spacecraft	performed	planetary	flyby	maneuvers	that	brought	them	within	the	observation	range	of	Jupiter.	The	Pioneer	missions	obtained	the	first	close-up	images	of	Jupiter's	atmosphere	and	several	of	its	moons.	They	discovered	that	the	radiation	fields	near	the	planet	were	much	stronger	than	expected.	In	1973,	the	first	robotic	probe
visited	Jupiter.	Since	then,	Jupiter	has	been	visited	by	nine	robotic	probes:	seven	flybys	and	two	dedicated	orbiters,	with	two	more	en	route.	Since	1973,	Jupiter	has	been	visited	by	automated	spacecraft,	when	the	space	probe	Pioneer	10	passed	close	enough	to	Jupiter	to	send	back	revelations	about	its	properties	and	phenomena.	In	1976,	the
International	Astronomical	Union	formally	adopted	the	name	Jupiter	for	the	planet	and	has	since	named	its	newly	discovered	satellites	for	the	god's	lovers,	favorites,	and	descendants.	Before	the	flyby	of	the	Voyager	1	probe	in	1979,	eight	additional	satellites	of	Jupiter	were	discovered.	In	February	1992,	the	Ulysses	solar	probe	performed	a	flyby
maneuver	of	Jupiter	to	attain	a	polar	orbit	around	the	Sun.	During	this	pass,	the	spacecraft	studied	Jupiter's	magnetosphere.	In	July	1994,	the	Comet	ShoemakerLevy	9	comet	collided	with	Jupiter.	The	impacts	were	closely	observed	by	observatories	around	the	world,	including	the	Hubble	Space	Telescope	and	Galileo	spacecraft.	In	1994,	the	Galileo
spacecraft	witnessed	the	impact	of	Comet	ShoemakerLevy	9	when	it	collided	with	Jupiter.	In	July	1995,	a	340-kilogram	titanium	atmospheric	probe	was	released	from	the	Galileo	spacecraft,	entering	Jupiter's	atmosphere	on	December	7.	On	December	7,	1995,	the	Galileo	mission	reached	Jupiter	and	became	the	first	spacecraft	to	orbit	the	planet.	It
remained	in	orbit	for	over	seven	years,	conducting	multiple	flybys	of	all	the	Galilean	moons	and	Amalthea.	A	1997	review	determined	that	early	astronomical	records	and	drawings	from	1664	to	1839	had	little	or	no	possibility	of	documenting	actual	impacts	on	Jupiter.	In	1998,	two	of	the	white	ovals	on	Jupiter	merged	together.	The	discovery	of
numerous	small	outer	moons	since	1999	complicated	the	prior	classification	of	Jupiter's	moons	into	four	groups	of	four,	based	on	their	similar	orbital	elements.	In	2000,	an	atmospheric	feature	formed	in	the	southern	hemisphere	that	is	similar	in	appearance	to	the	Great	Red	Spot,	but	smaller.	The	merged	feature	was	named	Oval	BA.	In	2000,	the
Cassini	probe	flew	by	Jupiter	on	its	way	to	Saturn,	and	provided	higher-resolution	images.	In	2000,	the	merged	white	ovals	on	Jupiter	absorbed	the	third	oval,	becoming	Oval	BA.	On	September	21,	2003,	the	Galileo	orbiter	was	deliberately	steered	into	Jupiter	to	be	destroyed,	preventing	contamination	of	the	moon	Europa.	Due	to	funding	difficulties,
NASA's	JIMO	(Jupiter	Icy	Moons	Orbiter)	mission	was	cancelled	in	2005.	In	2007,	the	New	Horizons	probe	flew	by	Jupiter	for	a	gravity	assist	en	route	to	Pluto.	The	probe's	cameras	measured	plasma	output	from	volcanoes	on	Io	and	studied	all	four	Galilean	moons	in	detail.	Computer	simulations	in	2008	suggest	that	Jupiter	does	not	cause	a	net
decrease	in	the	number	of	comets	that	pass	through	the	inner	Solar	System,	as	its	gravity	perturbs	their	orbits	inward	roughly	as	often	as	it	accretes	or	ejects	them.	In	April	2011,	the	ESA	formally	ended	the	partnership	with	NASA	on	the	EJSM/Laplace	mission,	citing	budget	issues	at	NASA.	As	of	2015,	the	Great	Red	Spot	was	measured	at
approximately	16,500	by	10,940	kilometers	and	decreasing	in	length	by	about	930	km	per	year.	NASA's	Juno	mission	arrived	at	Jupiter	on	July	4,	2016,	with	the	goal	of	studying	the	planet	in	detail	from	a	polar	orbit.	On	August	27,	2016,	the	Juno	spacecraft	completed	its	first	flyby	of	Jupiter	and	sent	back	the	first-ever	images	of	Jupiter's	north	pole.	A
2016	paper	reports	that	the	trapezoidal	rule	was	used	by	Babylonians	before	50	BC	for	integrating	the	velocity	of	Jupiter	along	the	ecliptic.	In	April	2017,	a	"Great	Cold	Spot"	was	discovered	in	Jupiter's	thermosphere	at	its	north	pole.	Juno	completed	12	orbits	before	the	end	of	its	budgeted	mission	plan,	ending	in	July	2018.	A	subsequent	proposal	was
developed	for	a	joint	NASA/ESA	mission	called	EJSM/Laplace,	with	a	provisional	launch	date	around	2020.	In	June	of	2018,	NASA	extended	the	Juno	mission	operations	plan	to	July	2021.	In	October	2021,	a	Juno	flyby	mission	measured	the	depth	of	the	Great	Red	Spot,	putting	it	at	around	300500	kilometers.	The	European	Space	Agency's	Jupiter	Icy
Moon	Explorer	(JUICE)	mission	was	launched	on	April	14,	2023.	NASA's	Europa	Clipper	mission	was	launched	on	October	14,	2024.	In	January	of	2021,	the	Juno	mission	was	extended	to	September	2025	with	four	lunar	flybys:	one	of	Ganymede,	one	of	Europa,	and	two	of	Io.	The	Chinese	National	Space	Administration's	Tianwen-4	mission,	which	aims
to	launch	an	orbiter	to	the	Jovian	system	and	possibly	Callisto,	is	planned	for	around	2035.	Launched	five	years	ago	on	Aug.	5,	2011,	NASAs	Juno	mission	maneuvered	into	orbit	around	Jupiter	on	July	4,	2016,	joining	a	long	tradition	of	discovery	at	the	gas	giant.One	of	the	brightest	objects	in	the	night	sky,	Jupiter	has	enthralled	humans	since	ancient
times.	Today,	scientists	believe	that	learning	more	about	the	planet	may	be	the	key	to	discovering	our	solar	systems	origins	and	formation.	They	theorize	that	Jupiter	didnt	always	rest	where	it	is	now,	but	that	it	moved	throughout	the	solar	system	in	its	youth,	disrupting	the	formation	of	Mars,	influencing	the	formation	and	location	of	the	asteroid	belt,
and	more.Scientists	began	to	use	space	missions	to	unlock	the	planets	secrets	in	the	early	1970s	when	Junos	earliest	ancestors,	Pioneer	10	and	11,	launched.	The	pair	of	spacecraft	reached	the	planet	in	late	1973	and	early	1974.	For	the	first	time	ever,	scientists	could	obtain	direct	observations	and	close-up	images	of	Jupiter,	its	moons	and	the
mysterious	Great	Red	Spot.	From	Pioneers	findings,	scientists	were	able	to	make	numerous	conclusions	about	Jupiter.	They	found	that	the	planet	is	composed	mostly	of	liquid,	and	that	it	has	a	magnetotail,	an	extension	of	its	magnetic	field,	like	Earth.	This	hinted	at	Jupiters	composition	and	the	possibility	of	a	solid	core.	They	also	got	a	close	look	at
Jupiters	clouds	from	26,000	miles	(about	42,000	km)	to	determine	weather	patterns.The	Pioneer	missions	paved	the	way	for	a	second	set	of	Jupiter-focused	missions	in	the	late	1970s,	Voyager	1	and	2.	Launched	in	1977,	the	spacecraft	are	most	famous	for	traversing	to	the	outermost	portion	of	the	solar	system	Voyager	1	has	even	passed	its	outer
limits	and	has	now	passed	into	the	space	between	solar	systems.	In	time,	Voyager	2	and	the	Pioneer	missions	will	also	leave	the	solar	system.	The	Voyager	pair	flew	past	Jupiter	in	1979,	taking	more	than	52,000	photos	of	the	planet	and	its	moons	over	the	course	of	several	months.	These	images	and	accompanying	observations	sparked	seemingly
countless	new	discoveries.	The	data	revealed	many	features	of	the	weather	on	Jupiter,	including	the	existence	of	lightning	in	the	cloud	tops	and	of	hurricane-like	storm	systems.	Plus,	for	the	first	time,	scientists	discovered	the	existence	of	active	volcanoes	elsewhere	than	Earth,	on	the	planets	moon	Io.The	Galileo	missions	to	Jupiter	followed	in	the	late
1980s.	Unlike	previous	missions,	this	set	of	spacecraft	an	atmospheric	probe	and	an	orbiter	were	designed	to	orbit	the	planet	rather	than	collect	data	on	flyby.	The	probe	was	the	first	spacecraft	to	directly	measure	characteristics	of	Jupiters	atmosphere	descending	95	miles	(153	kilometers)	into	it	before	melting	and	vaporizing	from	the	extreme	heat.
The	probe	passed	58	minutes	of	atmospheric	data	to	the	orbiter,	which	then	transmitted	it	back	to	Earth.	The	data	included	measurements	of	Jupiters	atmospheric	elements	and	showed	that	their	abundance	differed	from	that	of	the	sun,	providing	insight	into	the	planets	formation.The	orbiter	itself	made	numerous	long-term	observations	about	the
Jupiter	system,	including	finding	evidence	to	support	the	theory	that	an	ocean	of	water	lies	under	the	surface	of	the	moon	Europa	and	finding	Jupiters	ring	system,	a	nearly	invisible	set	of	rings	composed	of	dust	created	by	meteoroid	impacts	with	the	planets	four	moons.	In	July	1994,	Galileo	also	witnessed	the	collision	of	Comet	Shoemaker-Levy	9
with	Jupiter,	the	first	observation	of	such	an	impact	as	it	occurred	on	any	planet	besides	Earth.The	Ulysses	mission	to	study	the	sun	collected	data	on	Jupiters	magnetosphere	while	the	planet	provided	a	gravitational	assist	to	change	the	spacecrafts	trajectory	in	1992.	The	Cassini	spacecraft	also	observed	Jupiter	in	2000	on	its	way	to	its	target
destination,	Saturn.	Cassinis	camera	took	26,000	images	of	the	planet	and	its	moons	and	created	the	most	detailed	global	color	portrait	of	Jupiter	ever	produced	at	the	time.More	recently,	New	Horizons,	a	mission	to	Pluto,	added	to	these	observations	during	its	flyby	of	Jupiter	in	2007,	finding	the	planet	changed	since	previous	looks	by	NASA	the
Galileo	spacecraft	burned	up	in	Jupiters	atmosphere	in	fall	2003.	New	Horizons	spent	about	six	months	observing	the	Jupiter	planet	system	during	its	flyby	on	the	way	to	Pluto,	further	exploring	its	weather	systems,	moons	and	rings.	Perhaps	most	notably,	New	Horizons	saw	about	36	volcanoes	on	Io	and	measured	the	temperature	of	lava,	finding	it
similar	to	that	of	Earth-based	volcanoes.The	Hubble	Space	Telescope	has	made	multiple	observations	and	taken	numerous	photos	of	Jupiter	since	its	launch	in	April	1990.	Hubbles	observations	of	the	planet	stretch	over	26	years,	and	many	of	its	observations	are	concurrent	with	other	Jupiter	missions,	particularly	Galileo.	In	fact,	Hubble	also	witnessed
the	collision	of	Comet	Shoemaker-Levy	9	with	Jupiter,	providing	another	perspective	of	the	impact	sites.	Hubbles	observations	of	the	gas	giant	have	continued	to	the	present	day.	In	October	2015,	Hubble	photos	showed	changes	in	Jupiters	Great	Red	Spot,	and	in	June	2016,	Hubble	took	awe-inspiring	photos	of	auroras	on	the	planets	poles.	Hubbles
observations	of	the	solar	system	and	the	wider	universe	are	expected	to	continue	through	2020	and	beyond.	With	Junos	successful	orbit	insertion	at	Jupiter	in	July	2016,	scientists	expect	to	release	information	about	the	missions	first	findings	in	September.	NASA	has	already	released	several	images	taken	of	the	planet	by	the	JunoCam	camera.	Juno
will	make	observations	about	Jupiters	atmosphere	and	magnetic	and	gravitational	fields,	providing	more	information	about	the	planets	structure	so	scientists	can	deepen	their	understanding	of	Jupiters	origin	and	evolution.	Any	of	these	clues	could	begin	to	unravel	the	mystery	of	the	solar	systems	origins	and	formation.Related	information:	ByAshley
MorrowNASAs	Goddard	Space	Flight	Center,	Greenbelt,	Md.	Home/	Timelines/	Jupiter	Jupiter	Jupiter	is	the	fifth	planet	from	the	Sun	and	the	largest	planet	within	the	Solar	System.	It	is	a	gas	giant	with	mass	one-thousandth	that	of	the	Sun	but	is	two	and	a	half	times	the	mass	of	all	the	other	planets	in	our	Solar	System	combined.	Jupiter	is	classified	as
a	gas	giant	along	with	Saturn,	Uranus	and	Neptune...	Timeline	of	Events	1610	1.7.1610	Galileo	Galilei	observes	three	of	the	four	largest	moons	of	Jupiter	for	the	first	time.	He	named	them,	and	in	turn	the	four	are	called	the	Galilean	moons.	Ganymede	not	discovered	by	him	until	January	13.	1.13.1610	Galileo	Galilei	discovers	Ganymede,	4th	moon	of
Jupiter.	1973	12.3.1973	Pioneer	program:	Pioneer	10	sends	back	the	first	close-up	images	of	Jupiter.	1979	3.5.1979	America's	Voyager	1	spacecraft	has	its	closest	approach	to	Jupiter,	172,000	miles.	1994	7.20.1994	Comet	Shoemaker-Levy	9's	Fragment	Q1	hits	Jupiter.	1995	1998	3.2.1998	Data	sent	from	the	Galileo	spacecraft	indicates	that	Jupiter's
moon	Europa	has	a	liquid	ocean	under	a	thick	crust	of	ice.	2001	2003	9.21.2003	''Galileo''	mission	is	terminated	by	sending	the	probe	into	Jupiter's	atmosphere,	where	it	is	crushed	by	the	pressure	at	the	lower	altitudes.	2007	2.28.2007	Jupiter	flyby	of	the	New	Horizons	Pluto-observer	spacecraft.	GWCA,	Inc.	Lifting	As	We	Climb	
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