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4.2-mile	(6.8km)	tidal	stretch	of	the	River	Thames	in	south-west	London,	England.	For	the	third	time	in	the	history	of	the	event,	the	men's,	the	women's	and	both	reserves'	races	were	all	held	on	the	Tideway	on	the	same	day.	The	women's	race	saw	Cambridge	lead	from	the	start,	eventually	winning	by	a	considerable	margin	to	take	the	overall	record	to
4330	in	their	favour.	In	the	women's	reserve	race,	Cambridge's	Blondie	(crew	pictured)	defeated	Oxford's	Osiris	by	nine	lengths.	The	men's	reserve	race	was	won	by	Cambridge's	Goldie,	who	defeated	Oxford's	Isis	by	a	margin	of	four	lengths.	The	men's	race	was	the	final	event	of	the	day	and	completed	a	whitewash	as	Cambridge	won,	taking	the
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Balochistan	in	British	India,	now	part	of	Pakistan,	killing	between	30,000	and	60,000	people.2013	A	tornado	struck	Central	Oklahoma,	killing	eight	people	and	injuring	more	than	150	others.Albertino	Mussato	(d.1329)Joseph	Grimaldi	(d.1837)Dina	Boluarte	(b.1962)Mbaye	Diagne	(d.1994)More	anniversaries:	May	30May	31June	1ArchiveBy	emailList
of	days	of	the	yearAboutCucumis	metuliferus,	the	African	horned	cucumber,	is	an	annual	vine	in	the	cucumber	and	melon	family,	Cucurbitaceae.	Its	fruit	has	horn-like	spines,	hence	the	name	"horned	melon".	The	ripe	fruit	has	orange	skin	and	lime-green,	jelly-like	flesh.	It	is	native	to	Southern	Africa,	where	it	is	a	traditional	food.	Along	with	the
gemsbok	cucumber	and	the	citron	melon,	it	is	one	of	the	few	sources	of	water	during	the	dry	season	in	the	Kalahari	Desert.	This	photograph,	which	was	focus-stacked	from	25	separate	images,	shows	two	C.metuliferus	fruits,	one	whole	and	the	other	in	cross-section.Photograph	credit:	Ivar	LeidusRecently	featured:	Ignace	TonenAustralian	white
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(disambiguation).This	article	needs	additional	citations	for	verification.	Please	help	improve	this	article	by	adding	citations	to	reliable	sources.	Unsourced	material	may	be	challenged	and	removed.Find	sources:"455"news	newspapers	books	scholar	JSTOR	(April	2019)	(Learn	how	and	when	to	remove	this	message)Calendar
yearYearsMillennium1stmillenniumCenturies4thcentury5thcentury	6thcenturyDecades430s440s450s	460s470sYears452453454455	456457458vte455	by	topicLeadersPolitical	entitiesState	leadersReligious	leadersCategoriesBirthsDeathsDisestablishmentsvte455	in	various	calendarsGregorian	calendar455CDLVAb	urbe	condita1208Assyrian
calendar5205Balinese	saka	calendar376377Bengali	calendar139	138Berber	calendar1405Buddhist	calendar999Burmese	calendar183Byzantine	calendar59635964Chinese	calendar	(WoodHorse)3152	or	2945to	(WoodGoat)3153	or	2946Coptic	calendar171172Discordian	calendar1621Ethiopian	calendar447448Hebrew	calendar42154216Hindu
calendars-	Vikram	Samvat511512-	Shaka	Samvat376377-	Kali	Yuga35553556Holocene	calendar10455Iranian	calendar167	BP	166	BPIslamic	calendar172	BH	171	BHJavanese	calendar340341Julian	calendar455CDLVKorean	calendar2788Minguo	calendar1457	before	ROC1457Nanakshahi	calendar1013Seleucid	era766/767	AGThai	solar
calendar997998Tibetan	calendar(male	Wood-Horse)581	or	200	or	572to(female	Wood-Goat)582	or	201	or	571King	Genseric	sacks	Rome	(455)Year	455	(CDLV)	was	a	common	year	starting	on	Saturday	of	the	Julian	calendar.	At	the	time,	it	was	known	as	the	Year	of	the	Consulship	of	Valentinianus	and	Anthemius	(or,	less	frequently,	year	1208	Ab	urbe
condita).	The	denomination	455	for	this	year	has	been	used	since	the	early	medieval	period,	when	the	Anno	Domini	calendar	era	became	the	prevalent	method	in	Europe	for	naming	years.March	16	Emperor	Valentinian	III,	age	35,	is	assassinated	by	two	Hunnic	retainers	of	the	late	Flavius	Aetius,	while	training	with	the	bow	on	the	Campus	Martius
(Rome),	ending	the	Theodosian	dynasty.	His	primicerius	sacri	cubiculi,	Heraclius,	is	also	murdered.March	17	Petronius	Maximus,	former	domesticus	("elite	bodyguard")	of	Aetius,	becomes	(with	support	of	the	Roman	Senate)	emperor	of	the	Western	Roman	Empire.	He	secures	the	throne	by	bribing	officials	of	the	imperial	palace.	Maximus	consolidates
his	power	by	a	forced	marriage	with	Licinia	Eudoxia,	widow	of	Valentinian	III.Maximus	appoints	Avitus,	most	trusted	general,	to	the	rank	of	magister	militum	and	sends	him	on	an	embassy	to	Toulouse,	to	gain	the	support	of	the	Visigoths.	He	elevates	his	son	Palladius	to	Caesar	and	has	him	marry	Eudocia,	eldest	daughter	of	Valentinian	III.May	31
Maximus	is	stoned	to	death	by	an	angry	mob	while	fleeing	Rome.	A	widespread	panic	occurs	when	many	citizens	hear	the	news	that	the	Vandals	are	plundering	the	Italian	mainland.June	2	Sack	of	Rome:	King	Genseric	leads	the	Vandals	into	Rome,	after	he	has	promised	Pope	Leo	I	not	to	burn	and	plunder	the	city.	Genseric	sacks	the	city	for	a	period	of
two	weeks.	Eudoxia	and	her	daughters,	Eudocia	and	Placidia,	are	taken	hostage.	The	loot	is	sent	to	the	harbour	of	Ostia	and	loaded	into	ships,	from	whence	the	Vandals	depart	and	return	to	Carthage.July	9	Avitus	is	proclaimed	Roman	emperor	at	Toulouse,	and	later	recognised	by	the	Gallic	chiefs	in	Viernum	(near	Arles).September	21	Avitus	enters
Rome	with	a	Gallic	army.	He	restores	the	imperial	authority	in	Noricum	(modern	Austria)	and	leaves	a	Gothic	force	under	Remistus,	Visigoth	general	(magister	militum),	at	Ravenna.The	Ostrogoths	conquer	Pannonia	and	Dalmatia.Battle	of	Aylesford:	Prince	Vortimer	rebels	against	the	pro-Anglo-Saxon	policies	of	his	father,	Vortigern.	He	is	defeated	in
the	battle	at	Aylesford	(Kent).	Hengist	and	his	son	Oisc	become	king	of	Kent.	Horsa	and	Catigern,	brother	of	Vortimer,	are	killed.	The	Britons	withdraw	to	London	(according	to	the	Anglo-Saxon	Chronicle).Skandagupta	succeeds	Kumaragupta	I	as	ruler	of	the	Gupta	Empire	(India).	During	his	reign	he	crushes	the	Hun	invasion;	however,	the	expense	of
the	wars	drains	the	empire's	resources	and	contributes	to	its	decline.Gaero	becomes	king	of	the	Korean	kingdom	of	Baekje.[1]Earliest	recorded	date	at	Chichen	Itza	on	the	Yucatn	Peninsula	(Mexico)	(approximate	date).Barter	economy	replaces	organized	trade	as	Romans	and	other	citizens	desert	their	towns	for	the	countryside,	where	they	will	be
less	vulnerable	to	barbarian	raids	(approximate	date).The	city	of	Vindobona	(Vienna)	is	struck	by	an	epidemic	that	spreads	through	the	Roman	provinces.	The	disease	is	probably	streptococcus	or	a	form	of	scarlet	fever	with	streptococcus	pneumoniae	(approximate	date).Rusticus,	archbishop	of	Lyon	(approximate	date)Wang	Baoming,	empress	of	the
Southern	Qi	(d.	512)March	16Valentinian	III,	emperor	of	the	Western	Roman	Empire	(b.	419)Heraclius,	Roman	courtier	(primicerius	sacri	cubiculi	)May	31	Petronius	Maximus,	emperor	of	the	Western	Roman	EmpireBiyu	of	Baekje,	king	of	Baekje[1]Catigern,	prince	and	son	of	Vortigern	(approximate	date)Horsa,	leader	of	the	Anglo-Saxons
(approximate	date)Kumaragupta	I,	ruler	of	the	Gupta	Empire	(India)Niall	Noigiallach,	High	King	of	Ireland	(approximate	date)Palladius,	son	of	Petronius	Maximus	(approximate	date)Prosper	of	Aquitaine,	disciple	and	Christian	writer	(approximate	date)^	a	b	"List	of	Rulers	of	Korea".	www.metmuseum.org.	Retrieved	April	20,	2019.Retrieved	from	"
3One	hundred	years,	from	301	to	400Millennia1stmillenniumCenturies3rdcentury4thcentury5thcenturyTimelines3rdcentury4thcentury5thcenturyState	leaders3rdcentury4thcentury5thcenturyDecades300s310s320s330s340s350s360s370s380s390sCategories:Births	Deaths	Establishments	DisestablishmentsvteEastern	Hemisphere	at	the	beginning	of
the	4th	century	CE.Eastern	Hemisphere	at	the	end	of	the	4th	century	CE.The	4th	century	was	the	time	period	from	301	CE	(represented	by	the	Roman	numerals	CCCI)	to	400	CE	(CD)	in	accordance	with	the	Julian	calendar.	In	the	West,	the	early	part	of	the	century	was	shaped	by	Constantine	the	Great,	who	became	the	first	Roman	emperor	to	adopt
Christianity.	Gaining	sole	reign	of	the	empire,	he	is	also	noted	for	re-establishing	a	single	imperial	capital,	choosing	the	site	of	ancient	Byzantium	in	330	(over	the	current	capitals,	which	had	effectively	been	changed	by	Diocletian's	reforms	to	Milan	in	the	West,	and	Nicomedeia	in	the	East)	to	build	the	city	soon	called	Nova	Roma	(New	Rome);	it	was
later	renamed	Constantinople	in	his	honor.The	last	emperor	to	control	both	the	eastern	and	western	halves	of	the	empire	was	Theodosius	I.	As	the	century	progressed	after	his	death,	it	became	increasingly	apparent	that	the	empire	had	changed	in	many	ways	since	the	time	of	Augustus.	The	two-emperor	system	originally	established	by	Diocletian	in
the	previous	century	fell	into	regular	practice,	and	the	east	continued	to	grow	in	importance	as	a	centre	of	trade	and	imperial	power,	while	Rome	itself	diminished	greatly	in	importance	due	to	its	location	far	from	potential	trouble	spots,	like	Central	Europe	and	the	East.	Late	in	the	century	Christianity	became	the	official	state	religion,	and	the
empire's	old	pagan	culture	began	to	disappear.[citation	needed]	General	prosperity	was	felt	throughout	this	period,	but	recurring	invasions	by	Germanic	tribes	plagued	the	empire	from	376[1][2]	CE	onward.	These	early	invasions	marked	the	beginning	of	the	end	for	the	Western	Roman	Empire.In	China,	the	Jin	dynasty,	which	had	united	the	nation
prior	in	280,	began	rapidly	facing	trouble	by	the	start	of	the	century	due	to	political	infighting,	which	led	to	the	insurrections	of	the	northern	barbarian	tribes	(starting	the	Sixteen	Kingdoms	period),	which	quickly	overwhelmed	the	empire,	forcing	the	Jin	court	to	retreat	and	entrench	itself	in	the	south	past	the	Yangtze	river,	starting	what	is	known	as
the	Eastern	Jin	dynasty	around	317.	Towards	the	end	of	the	century,	Emperor	of	the	Former	Qin,	Fu	Jin,	united	the	north	under	his	banner,	and	planned	to	conquer	the	Jin	dynasty	in	the	south,	so	as	to	finally	reunite	the	land,	but	was	decisively	defeated	at	the	Battle	of	Fei	River	in	383,	causing	massive	unrest	and	civil	war	in	his	empire,	thereby
leading	to	the	fall	of	the	Former	Qin,	and	the	continued	existence	of	the	Eastern	Jin	dynasty.According	to	archaeologists,	sufficient	archaeological	evidence	correlates	of	state-level	societies	coalesced	in	the	4th	century	to	show	the	existence	in	Korea	of	the	Three	Kingdoms	(300/400668	CE)	of	Baekje,	Goguryeo,	and	Silla.Historians	of	the	Roman
Empire	refer	to	the	"Long	Fourth	Century"	to	the	period	spanning	the	fourth	century	proper	but	starting	earlier	with	the	accession	of	the	Emperor	Diocletian	in	284	and	ending	later	with	the	death	of	Honorius	in	423	or	of	Theodosius	II	in	450.[3]See	also:	Christianity	in	the	4th	centuryGregory	the	Illuminator	mosaic,	converted	Armenia	from
Zoroastrianism	to	ChristianityContemporary	bronze	head	of	Constantine	I	(r.	306337	AD)Early	4th	century	Former	audience	hall	now	known	as	the	Basilica,	Trier,	Germany,	is	built.Early	4th	century	The	Gupta	Empire	is	established.301:	Armenia	first	to	adopt	Christianity	as	state	religion.304439:	The	Sixteen	Kingdoms	in	China	begins.306337:
Constantine	the	Great,	ends	persecution	of	Christians	in	the	Roman	Empire	(see	also	Constantinian	shift)	and	Constantinople	becomes	new	seat	of	government	(New	Rome).Tikal	had	a	population	of	about	100,000	when	it	was	conquered	by	Teotihuacan,	less	than	a	fourth	of	its	peak	population[4]320:	Butuan	Boat	One,	the	oldest	known	Balangay,	a
multi-purpose	ship	native	to	the	Philippines	is	built.325328:	The	Kingdom	of	Aksum	adopts	Christianity.325:	Constantine	the	Great	calls	the	First	Council	of	Nicaea	to	pacify	Christianity	in	the	grip	of	the	Arian	controversy.335380:	Samudragupta	expands	the	Gupta	Empire.337:	Constantine	the	Great	is	baptized	a	Christian	on	his	death	bed.350:	About
this	time	the	Kingdom	of	Aksum	conquers	the	Kingdom	of	Kush.350400:	At	some	time	during	this	period,	the	Huns	began	to	attack	the	Sassanid	Empire.[2]350:	The	Kutai	Martadipura	kingdom	in	eastern	Borneo	produced	the	earliest	known	stone	inscriptions	in	Indonesia	known	as	the	Mulavarman	inscription	written	in	the	Sanskrit	language	using
Pallava	scripture.[5]Mid-4th	century	Dish,	from	Mildenhall,	England,	is	made.	It	is	now	kept	at	the	British	Museum,	London.Mid-4th	century	Wang	Xizhi	makes	a	portion	of	a	letter	from	the	Feng	Ju	album.	Six	Dynasties	period.	It	is	now	kept	at	National	Palace	Museum,	Taipei,	Taiwan,	Republic	of	China.365:	An	earthquake	with	a	magnitude	of	at	least
eight	strikes	the	Eastern	Mediterranean.	The	following	tsunami	causes	widespread	destruction	in	Crete,	Greece,	Libya,	Egypt,	Cyprus,	and	Sicily.376:	Visigoths	appear	on	the	Danube	and	are	allowed	entry	into	the	Roman	Empire	in	their	flight	from	the	Huns.378:	Battle	of	Adrianople:	Roman	army	is	defeated	by	the	Visigoth	cavalry.	Emperor	Valens	is
killed.378395:	Theodosius	I,	Roman	emperor,	bans	pagan	worship,	Christianity	is	made	the	official	religion	of	the	Empire.378:	Siyaj	K'ak'	conquers	Waka	on	(January	8),	Tikal	(January	16)	and	Uaxactun.Wall	painting	of	the	Council	of	Constantinople	(381)	in	the	Stavropoleos	monastery,	Romania381:	First	Council	of	Constantinople	reaffirms	the
Christian	doctrine	of	the	Trinity	by	adding	to	the	creed	of	Nicaea.383:	Battle	of	Fei	River	in	China.395:	The	Battle	of	Canhe	Slope	occurs.395:	Roman	emperor	Theodosius	I	dies,	causing	the	Roman	Empire	to	split	permanently.Late	4th	century:	Cubiculum	of	Leonis,	Catacomb	of	Commodilla,	near	Rome,	is	made.Late	4th	century:	Atrium	added	in	the
Old	St.	Peter's	Basilica,	Rome.For	a	more	comprehensive	list,	see	Timeline	of	historic	inventions	4th	century.The	Stirrup	was	invented	in	China,	no	later	than	322.[6][1]Kama	Sutra,	dated	between	c.400	BC	to	c.	300	AD.[7][8]Iron	pillar	of	Delhi,	India	is	the	world's	first	Iron	Pillar.[citation	needed]Trigonometric	functions:	The	trigonometric	functions
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physics	that	can	be	used	to	determine	the	size	distribution	profile	of	small	particles	in	suspension	or	polymers	in	solution.[1]	In	the	scope	of	DLS,	temporal	fluctuations	are	usually	analyzed	using	the	intensity	or	photon	autocorrelation	function	(also	known	as	photon	correlation	spectroscopy	PCS	or	quasi-elastic	light	scattering	QELS).	In	the	time
domain	analysis,	the	autocorrelation	function	(ACF)	usually	decays	starting	from	zero	delay	time,	and	faster	dynamics	due	to	smaller	particles	lead	to	faster	decorrelation	of	scattered	intensity	trace.	It	has	been	shown	that	the	intensity	ACF	is	the	Fourier	transform	of	the	power	spectrum,	and	therefore	the	DLS	measurements	can	be	equally	well
performed	in	the	spectral	domain.[2][3]	DLS	can	also	be	used	to	probe	the	behavior	of	complex	fluids	such	as	concentrated	polymer	solutions.A	monochromatic	light	source,	usually	a	laser,	is	shot	through	a	polarizer	and	into	a	sample.	The	scattered	light	then	goes	through	a	second	polarizer	where	it	is	collected	by	a	photomultiplier	and	the	resulting
image	is	projected	onto	a	screen.	This	is	known	as	a	speckle	pattern	(Figure	1).[4]Figure	1.	Typical	speckle	pattern.All	of	the	molecules	in	the	solution	are	being	hit	with	the	light	and	all	of	the	molecules	diffract	the	light	in	all	directions.	The	diffracted	light	from	all	of	the	molecules	can	either	interfere	constructively	(light	regions)	or	destructively
(dark	regions).	This	process	is	repeated	at	short	time	intervals	and	the	resulting	set	of	speckle	patterns	is	analyzed	by	an	autocorrelator	that	compares	the	intensity	of	light	at	each	spot	over	time.	The	polarizers	can	be	set	up	in	two	geometrical	configurations.	One	is	a	vertical/vertical	(VV)	geometry,	where	the	second	polarizer	allows	light	through
that	is	in	the	same	direction	as	the	primary	polarizer.	In	vertical/horizontal	(VH)	geometry	the	second	polarizer	allows	light	that	is	not	in	the	same	direction	as	the	incident	light.When	light	hits	small	particles,	the	light	scatters	in	all	directions	(Rayleigh	scattering)	as	long	as	the	particles	are	small	compared	to	the	wavelength	(below	250	nm).	Even	if
the	light	source	is	a	laser,	and	thus	is	monochromatic	and	coherent,	the	scattering	intensity	fluctuates	over	time.	This	fluctuation	is	due	to	small	particles	in	suspension	undergoing	Brownian	motion,	and	so	the	distance	between	the	scatterers	in	the	solution	is	constantly	changing	with	time.	This	scattered	light	then	undergoes	either	constructive	or
destructive	interference	by	the	surrounding	particles,	and	within	this	intensity	fluctuation,	information	is	contained	about	the	time	scale	of	movement	of	the	scatterers.	Sample	preparation	either	by	filtration	or	centrifugation	is	critical	to	remove	dust	and	artifacts	from	the	solution.The	dynamic	information	of	the	particles	is	derived	from	the
autocorrelation	of	the	intensity	trace	recorded	during	the	experiment.	The	second	order	autocorrelation	curve	is	generated	from	the	intensity	trace	as	follows:	g	2	(	q	;	)	=	I	(	t	)	I	(	t	+	)	I	(	t	)	2	{\displaystyle	g^{2}(q;\tau	)={\frac	{\langle	I(t)I(t+\tau	)\rangle	}{\langle	I(t)\rangle	^{2}}}}	where	g2(q;)	is	the	autocorrelation	function	at	a	particular
wave	vector,	q,	and	delay	time,	,	and	I	is	the	intensity.	The	angular	brackets	{\displaystyle	\langle	\cdot	\rangle	}	denote	the	expected	value	operator,	which	in	some	texts	is	denoted	by	a	capital	E.At	short	time	delays,	the	correlation	is	high	because	the	particles	do	not	have	a	chance	to	move	to	a	great	extent	from	the	initial	state	that	they	were	in.	The
two	signals	are	thus	essentially	unchanged	when	compared	after	only	a	very	short	time	interval.	As	the	time	delays	become	longer,	the	correlation	decays	exponentially,	meaning	that,	after	a	long	period	has	elapsed,	there	is	no	correlation	between	the	scattered	intensity	of	the	initial	and	final	states.	This	exponential	decay	is	related	to	the	motion	of
the	particles,	specifically	to	the	diffusion	coefficient.	To	fit	the	decay	(i.e.,	the	autocorrelation	function),	numerical	methods	are	used,	based	on	calculations	of	assumed	distributions.	If	the	sample	is	monodisperse	(uniform)	then	the	decay	is	simply	a	single	exponential.	The	Siegert	equation	relates	the	second-order	autocorrelation	function	with	the
first-order	autocorrelation	function	g1(q;)	as	follows:	g	2	(	q	;	)	=	1	+	[	g	1	(	q	;	)	]	2	{\displaystyle	g^{2}(q;\tau	)=1+\beta	\left[g^{1}(q;\tau	)\right]^{2}}	where	the	first	term	of	the	sum	is	related	to	the	baseline	value	(1)	and	the	parameter	is	a	correction	factor	that	depends	on	the	geometry	and	alignment	of	the	laser	beam	in	the	light	scattering
setup.	It	is	roughly	equal	to	the	inverse	of	the	number	of	speckle	(see	Speckle	pattern)	from	which	light	is	collected.	A	smaller	focus	of	the	laser	beam	yields	a	coarser	speckle	pattern,	a	lower	number	of	speckle	on	the	detector,	and	thus	a	larger	second-order	autocorrelation.	The	most	important	use	of	the	autocorrelation	function	is	its	use	for	size
determination.Dynamic	light	scattering	provides	insight	into	the	dynamic	properties	of	soft	materials	by	measuring	single	scattering	events,	meaning	that	each	detected	photon	has	been	scattered	by	the	sample	exactly	once.	In	principle,	the	DLS	measurements	can	be	performed	with	the	detector	positioned	at	any	angle.	The	choice	of	the	best	angle
depends	on	the	sample	properties,	such	as	turbidity	and	particle	size.[5]	Back	scattering	detection	(e.g.,	173	or	175)	is	particularly	interesting	for	turbid	and	highly	concentrated	samples,	which	contain	large	particles.	Side	scattering	detection	(90)	is	recommended	for	weakly	scattering	samples,	including	small	particles	and	transparent	samples.
Finally,	forward	scattering	detection	(e.g.,	13	or	15)	is	suitable	for	detection	of	samples	containing	small	particles	with	few	large	particles.	Some	DLS	instruments	in	the	market	also	allow	automatic	angle	selection	based	on	a	continuous	transmittance	measurement.At	the	lower	end	of	the	turbidity	range,	the	Cavity	Amplified	Scattering	Spectroscopy
method[6]	makes	use	of	an	integrating	cavity	to	elongate	photon	paths	through	quasi	non-scattering	samples.	As	opposed	to	conventional	DLS	instruments,	this	method	is	angle	independent	as	it	probes	samples	isotropically	from	all	directions.Even	though	the	DLS	measurement	using	a	single-angle	detection	has	been	the	most	diffuse	technique,	the
application	to	many	systems	of	scientific	and	industrial	relevance	has	been	limited	due	to	often-encountered	multiple	scattering,	wherein	photons	are	scattered	multiple	times	by	the	sample	before	being	detected.	Accurate	interpretation	becomes	exceedingly	difficult	for	systems	with	non-negligible	contributions	from	multiple	scattering.	Especially	for
larger	particles	and	those	with	high	refractive	index	contrast,	this	limits	the	technique	to	very	low	particle	concentrations,	and	a	large	variety	of	systems	are,	therefore,	excluded	from	investigations	with	dynamic	light	scattering.	However,	as	shown	by	Schaetzel,[7]	it	is	possible	to	suppress	multiple	scattering	in	dynamic	light	scattering	experiments
via	a	cross-correlation	approach.	The	general	idea	is	to	isolate	singly	scattered	light	and	suppress	undesired	contributions	from	multiple	scattering	in	a	dynamic	light	scattering	experiment.	Different	implementations	of	cross-correlation	light	scattering	have	been	developed	and	applied.	Currently,	the	most	widely	used	scheme	is	the	so-called	3D-
dynamic	light	scattering	method.[8][9]	The	same	method	can	also	be	used	to	correct	static	light	scattering	data	for	multiple	scattering	contributions.[10]	Alternatively,	in	the	limit	of	strong	multiple	scattering,	a	variant	of	dynamic	light	scattering	called	diffusing-wave	spectroscopy	can	be	applied.Once	the	autocorrelation	data	have	been	generated,
different	mathematical	approaches	can	be	employed	to	obtain	'information'	from	it.	Analysis	of	the	scattering	is	facilitated	when	particles	do	not	interact	through	collisions	or	electrostatic	forces	between	ions.	Particle-particle	collisions	can	be	suppressed	by	dilution,	and	charge	effects	are	reduced	by	the	use	of	salts	to	collapse	the	electrical	double
layer.The	simplest	approach	is	to	treat	the	first-order	autocorrelation	function	as	a	single	exponential	decay.	This	is	appropriate	for	a	monodisperse	population.	g	1	(	q	;	)	=	exp	(	)	{\displaystyle	\	g^{1}(q;\tau	)=\exp(-\Gamma	\tau	)\,}	where	is	the	decay	rate.	The	translational	diffusion	coefficient	Dt	may	be	derived	at	a	single	angle	or	at	a	range	of
angles	depending	on	the	wave	vector	q.	=	q	2	D	t	{\displaystyle	\	\Gamma	=q^{2}D_{t}\,}	with	q	=	4	n	0	sin	(	2	)	{\displaystyle	\	q={\frac	{4\pi	n_{0}}{\lambda	}}\sin	\left({\frac	{\theta	}{2}}\right)}	where	is	the	incident	laser	wavelength,	n0	is	the	solvent	refractive	index	and	is	the	angle	at	which	the	detector	is	located	with	respect	to	the	sample
cell.The	refractive	index	of	the	solvent	plays	a	crucial	role	in	light	scattering	and	is	important	to	calculate	the	Stokes	radius	from	the	Stokes-Einstein	equation.[11][12][13]	Therefore,	previous	refractive	index	data	from	the	scattering	medium	should	be	evaluated	with	dedicated	instruments,	known	as	refractometers.	Alternatively,	DLS	instruments
containing	a	refractive	index	measurement	module	allow	a	good	estimative	for	this	important	parameter	within	0.5%,	which	is	the	accuracy	defined	by	ISO	22412:2017[14][15]	for	refractive	index	values	required	for	DLS.	Besides	the	refractive	index	of	the	medium,	the	refractive	index	of	the	particles	is	only	necessary	when	analyzing	larger	particle
size	(usually	above	100nm)	and	volume-	or	number-weighted	size	distributions	are	needed.	In	these	cases,	prior	knowledge	of	the	refractive	index	and	absorbance	of	the	material	is	required	in	order	to	apply	the	Mie	scattering.[16][17]Depending	on	the	anisotropy	and	polydispersity	of	the	system,	a	resulting	plot	of	(/q2)	vs.	q2	may	or	may	not	show	an
angular	dependence.	Small	spherical	particles	will	show	no	angular	dependence,	hence	no	anisotropy.	A	plot	of	(/q2)	vs.	q2	will	result	in	a	horizontal	line.	Particles	with	a	shape	other	than	a	sphere	will	show	anisotropy	and	thus	an	angular	dependence	when	plotting	(/q2)	vs.	q2.[18]	The	intercept	will	be	in	any	case	the	Dt.	Thus,	there	is	an	optimum
angle	of	detection	for	each	particle	size.	A	high-quality	analysis	should	always	be	performed	at	several	scattering	angles	(multiangle	DLS).	This	becomes	even	more	important	in	a	polydisperse	sample	with	an	unknown	particle	size	distribution.	At	certain	angles	the	scattering	intensity	of	some	particles	will	completely	overwhelm	the	weak	scattering
signal	of	other	particles,	thus	making	them	invisible	to	the	data	analysis	at	this	angle.	DLS	instruments	which	only	work	at	a	fixed	angle	can	only	deliver	good	results	for	some	particles.	Thus,	the	indicated	precision	of	a	DLS	instrument	with	only	one	detection	angle	is	only	ever	true	for	certain	particles.Dt	is	often	used	to	calculate	the	hydrodynamic
radius	of	a	sphere	through	the	StokesEinstein	equation.	It	is	important	to	note	that	the	size	determined	by	dynamic	light	scattering	is	the	size	of	a	sphere	that	moves	in	the	same	manner	as	the	scatterer.	So,	for	example,	if	the	scatterer	is	a	random	coil	polymer,	the	determined	size	is	not	the	same	as	the	radius	of	gyration	determined	by	static	light
scattering.	It	is	also	useful	to	point	out	that	the	obtained	size	will	include	any	other	molecules	or	solvent	molecules	that	move	with	the	particle.	So,	for	example,	colloidal	gold	with	a	layer	of	surfactant	will	appear	larger	by	dynamic	light	scattering	(which	includes	the	surfactant	layer)	than	by	transmission	electron	microscopy	(which	does	not	"see"	the
layer	due	to	poor	contrast).In	most	cases,	samples	are	polydisperse.	Thus,	the	autocorrelation	function	is	a	sum	of	the	exponential	decays	corresponding	to	each	of	the	species	in	the	population.	g	1	(	q	;	)	=	i	=	1	n	G	i	(	i	)	exp	(	i	)	=	G	(	)	exp	(	)	d	.	{\displaystyle	g^{1}(q;\tau	)=\sum	_{i=1}^{n}G_{i}(\Gamma	_{i})\exp(-\Gamma	_{i}\tau	)=\int
G(\Gamma	)\exp(-\Gamma	\tau	)\,d\Gamma	.}	It	is	tempting	to	obtain	data	for	g1(q;)	and	attempt	to	invert	the	above	to	extract	G().	Since	G()	is	proportional	to	the	relative	scattering	from	each	species,	it	contains	information	on	the	distribution	of	sizes.	However,	this	is	known	as	an	ill-posed	problem.	The	methods	described	below	(and	others)	have
been	developed	to	extract	as	much	useful	information	as	possible	from	an	autocorrelation	function.One	of	the	most	common	methods	is	the	cumulant	method,[19][20]	from	which	in	addition	to	the	sum	of	the	exponentials	above,	more	information	can	be	derived	about	the	variance	of	the	system	as	follows:	g	1	(	q	;	)	=	exp	(	(	2	2	!	2	+	3	3	!	3	+	)	)
{\displaystyle	\	g^{1}(q;\tau	)=\exp	\left(-{\bar	{\Gamma	}}\left(\tau	-{\frac	{\mu	_{2}}{2!}}\tau	^{2}+{\frac	{\mu	_{3}}{3!}}\tau	^{3}+\cdots	\right)\right)}	where	is	the	average	decay	rate	and	2/2	is	the	second	order	polydispersity	index	(or	an	indication	of	the	variance).	A	third-order	polydispersity	index	may	also	be	derived	but	this	is
necessary	only	if	the	particles	of	the	system	are	highly	polydisperse.	The	z-averaged	translational	diffusion	coefficient	Dz	may	be	derived	at	a	single	angle	or	at	a	range	of	angles	depending	on	the	wave	vector	q.	=	q	2	D	z	{\displaystyle	\	{\bar	{\Gamma	}}=q^{2}D_{z}\,}	One	must	note	that	the	cumulant	method	is	valid	for	small	and	sufficiently
narrow	G().[21]	One	should	seldom	use	parameters	beyond	3,	because	overfitting	data	with	many	parameters	in	a	power-series	expansion	will	render	all	the	parameters,	including	{\displaystyle	\scriptstyle	{\bar	{\Gamma	}}}	and	2,	less	precise.[22]The	cumulant	method	is	far	less	affected	by	experimental	noise	than	the	methods	below.The	particle
size	distribution	can	also	be	obtained	using	the	autocorrelation	function.	However,	polydisperse	samples	are	not	well	resolved	by	the	cumulant	fit	analysis.	Thus,	the	combination	of	non-negative	least	squares	(NNLS)	algorithms	with	regularization	methods,	such	as	the	Tikhonov	regularization,	can	be	used	to	resolve	multimodal	samples.[16]	An
important	feature	of	the	NNLS	optimization	is	the	regularization	term	used	to	identify	specific	solutions	and	minimize	the	deviation	between	the	measure	data	and	the	fit.	There	is	no	ideal	regularization	term	that	is	suitable	for	all	samples.	The	shape	of	this	term	can	determine	if	the	solution	will	represent	a	general	broad	distribution	with	small
number	of	peaks	or	if	narrow	and	discrete	populations	will	be	fit.	Alternatively,	the	calculation	of	the	particle	size	distribution	is	performed	using	the	CONTIN	algorithm.An	alternative	method	for	analyzing	the	autocorrelation	function	can	be	achieved	through	an	inverse	Laplace	transform	known	as	CONTIN	developed	by	Steven	Provencher.[23][24]
The	CONTIN	analysis	is	ideal	for	heterodisperse,	polydisperse,	and	multimodal	systems	that	cannot	be	resolved	with	the	cumulant	method.	The	resolution	for	separating	two	different	particle	populations	is	approximately	a	factor	of	five	or	higher	and	the	difference	in	relative	intensities	between	two	different	populations	should	be	less	than	1:105.The
Maximum	entropy	method	is	an	analysis	method	that	has	great	developmental	potential.	The	method	is	also	used	for	the	quantification	of	sedimentation	velocity	data	from	analytical	ultracentrifugation.	The	maximum	entropy	method	involves	several	iterative	steps	to	minimize	the	deviation	of	the	fitted	data	from	the	experimental	data	and
subsequently	reduce	the	2	of	the	fitted	data.If	the	particle	in	question	is	not	spherical,	the	rotational	motion	must	be	considered	as	well	because	the	scattering	of	the	light	will	be	different	depending	on	orientation.	According	to	Pecora,	rotational	Brownian	motion	will	affect	the	scattering	when	a	particle	fulfills	two	conditions;	they	must	be	both
optically	and	geometrically	anisotropic.[25]	Rod-shaped	molecules	fulfill	these	requirements,	so	a	rotational	diffusion	coefficient	must	be	considered	in	addition	to	a	translational	diffusion	coefficient.	In	its	most	succinct	form,	the	equation	appears	as	A	B	=	5	4	4	M	p	+	2	N	M	l	M	p	+	M	l	M	p	N	+	M	l	{\displaystyle	{\frac	{A}{B}}={\frac	{5}{4}}
{\frac	{4\mathrm	{M}	_{p}+2\mathrm	{N}	\mathrm	{M}	_{l}\mathrm	{M}	_{p}+\mathrm	{M}	_{l}}{\mathrm	{M}	_{p}-\mathrm	{N}	+\mathrm	{M}	_{l}}}}	Where	A/B	is	the	ratio	of	the	two	relaxation	modes	(translational	and	rotational),	Mp	contains	information	about	the	axis	perpendicular	to	the	central	axis	of	the	particle,	and	Ml	contains
information	about	the	axis	parallel	to	the	central	axis.In	2007,	Peter	R.	Lang	and	his	team	decided	to	use	dynamic	light	scattering	to	determine	the	particle	length	and	aspect	ratio	of	short	gold	nanorods.[26]	They	chose	this	method	since	it	does	not	destroy	the	sample	and	it	has	a	relatively	easy	setup.	Both	relaxation	states	were	observed	in	VV
geometry	and	the	diffusion	coefficients	of	both	motions	were	used	to	calculate	the	aspect	ratios	of	the	gold	nanoparticles.DLS	is	used	to	characterize	the	size	of	various	particles	including	proteins,[27]	polymers,	micelles,[28]	Protein	cages	and	virus-like	particles,[29][30]	vesicles,[31]	carbohydrates,	nanoparticles,[32][33]	biological	cells,[34]	and	gels.
[35]	If	the	system	is	not	disperse	in	size,	the	mean	effective	diameter	of	the	particles	can	be	determined.	This	measurement	depends	on	the	size	of	the	particle	core,	the	size	of	surface	structures,	particle	concentration,	and	the	type	of	ions	in	the	medium.Since	DLS	essentially	measures	fluctuations	in	scattered	light	intensity	due	to	diffusing	particles,
the	diffusion	coefficient	of	the	particles	can	be	determined.	DLS	software	of	commercial	instruments	typically	displays	the	particle	population	at	different	diameters.	If	the	system	is	monodisperse,	there	should	only	be	one	population,	whereas	a	polydisperse	system	would	show	multiple	particle	populations.	If	there	is	more	than	one	size	population
present	in	a	sample	then	either	the	CONTIN	analysis	should	be	applied	for	photon	correlation	spectroscopy	instruments,	or	the	power	spectrum	method	should	be	applied	for	Doppler	shift	instruments.Stability	studies	can	be	done	conveniently	using	DLS.	Periodical	DLS	measurements	of	a	sample	can	show	whether	the	particles	aggregate	over	time
by	seeing	whether	the	hydrodynamic	radius	of	the	particle	increases.[32][33]	If	particles	aggregate,	there	will	be	a	larger	population	of	particles	with	a	larger	radius.	In	some	DLS	machines,	stability	depending	on	temperature	can	be	analyzed	by	controlling	the	temperature	in	situ.Wikimedia	Commons	has	media	related	to	Dynamic	light
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