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Field	of	mathematics	For	other	uses,	see	Theory	of	Chaos	(disambigua)	and	Caos	(disambigua).	A	graph	of	Lorenz’s	abstractor	for	values	r	=	28,	ÏTM	=	10,	b	=	8/3	An	animation	of	a	double-powered	intermediate	pendulum	showing	chaotic	behaviour.	Starting	the	pendulum	from	a	slightly	different	initial	condition	would	result	in	a	very	different
trajectory.	The	double	rod	pendulum	is	one	of	the	simplest	dynamic	systems	with	chaotic	solutions.	The	Theory	of	Chaos	is	an	interdisciplinary	scientific	theory	and	a	branch	of	mathematics	focused	on	underlying	patterns	and	highly	sensitive	deterministic	laws	to	the	initial	conditions	of	dynamic	systems	that	were	believed	to	have	been	disorder	and
irregularities	entirely	random.[1]	The	Chaos	Theory	states	that	within	the	apparent	randomness	of	complex	chaotic	systems,	there	are	underlying	patterns,	interconnection,	constant	feedback	cycles,	repetition,	self-similarity,	fractals	and	self-organization.[2]	The	butterfly	effect,	a	fundamental	principle	of	chaos,	describes	how	a	small	change	in	a	state
of	a	non-linear	deterministic	system	can	lead	to	great	differences	in	a	later	state	(i.e.	a	sensitive	dependence	on	initial	conditions).[3]	A	metaphor	for	this	behavior	is	that	a	butterfly	that	slams	the	wings	in	Brazil	can	cause	a	tornado	in	Texas.[4]	Small	differences	in	initial	conditions,	such	as	those	due	to	measurement	errors	or	rounding	errors	in
numerical	calculation,	can	lead	to	very	divergent	results	for	such	dynamic	systems,	making	it	impossible	a	long-term	forecast	of	their	behavior	in	general.[5]	This	can	happen	even	if	these	systems	are	deterministic,	that	is,	their	future	behavior	follows	a	unique	evolution[6]	and	is	entirely	determined	by	their	initial	conditions,	without	any	random
element[7].	In	other	words,	the	deterministic	nature	of	these	systems	does	not	make	them	predictable.[8][9]	This	behavior	is	known	as	deterministic	chaos,	or	simply	chaos.	The	theory	was	summarized	by	Edward	Lorenz	as:[10]	Caos:	When	the	present	determines	the	future,	but	this	approximate	does	not	determine	the	future	approximately.	Chaotic
behavior	is	present	in	many	natural	systems,	including	fluid	flow,	heartbeat	irregularities,	weather	and	climate	conditions.[11][12][6]	It	also	occurs	spontaneously	in	some	systems	with	artificial	components,	such	as	stock	market	and	road	traffic.[13][2]	This	behaviour	can	be	studied	through	the	analysis	of	a	chaotic	mathematical	model	or	through
analytical	techniques	such	as	the	p	Lotti	anniversary	and	PoincarÃ©	maps.	The	theory	of	chaos	has	applications	in	different	disciplines,	including	meteorology,[6]	anthropology,[14]	sociology,	environmental	sciences,	computer	science,	engineering,	economics,	ecology,	pandemic	crisis	management,[15][16].	The	theorythe	basis	for	fields	of	study	such
as	complex	dynamic	systems,	limits	of	chaos	theory	and	processes	of	self-assembly.	Introduction	The	theory	of	chaos	concerns	deterministic	systems	whose	behaviorIn	principle,	be	expected.	Chaotic	systems	are	predictable	for	a	while	and	then	"appear"	to	become	casual.	The	amount	of	time	that	the	behavior	of	a	chaotic	system	can	be	predicted
effectively	depends	on	three	things:	How	much	uncertainty	can	be	tolerated	in	forecasts,	how	its	current	state	can	be	measured	and	a	time	scale	depending	on	the	system	dynamics,	called	the	time	of	Lyapunov.	Some	examples	of	Lyapunov	era	are:	chaotic	electrical	circuits,	about	1	millisecond;	Weather	systems,	a	few	days	(not	demonstrated);	The
internal	solar	system,	from	4	to	5	million	years.	[17]	In	chaotic	systems,	uncertainty	in	a	forecast	increases	exponentially	with	the	time	spent.	So,	mathematically,	doubling	the	forecast	time	more	than	square	the	proportional	uncertainty	in	the	forecasts.	This	means,	in	practice,	a	significant	forecast	cannot	be	made	on	a	range	of	more	than	two	or
three	times	the	time	of	Lyapunov.	When	significant	forecasts	cannot	be	made,	the	system	appears	random.	[18]	Chaos	theory	is	a	qualitative	and	quantitative	analysis	method	to	investigate	the	behavior	of	dynamic	systems	that	cannot	be	explained	and	foreseen	by	individual	data	reports,	but	must	be	explained	and	foreseen	by	full	and	continuous	data
reports.	Chaotic	dynamism	The	map	defined	by	x	â	†	'4	x	(1	â	€	"x)	and	y	â	†'	(x	+	y)	MOD	1	displays	sensitivity	to	the	initial	positions	X.	Here,	two	sets	of	X	and	Y	values	diverge	considerably	over	time	from	a	tiny	initial	difference.	In	common	use,	"Chaos"	means	"a	state	of	disorder".	[19]	[20]	However,	in	the	theory	of	chaos,	the	term	is	defined	more
precisely.	Although	there	is	a	universally	accepted	mathematical	definition	of	chaos,	a	commonly	used	definition,	originally	formulated	by	Robert	L.	Devaney,	says	that	classifying	a	dynamic	system	as	chaotic,	must	have	these	properties:	[21]	It	must	be	sensitive	to	initial	conditions,	It	must	be	topologically	transitive,	it	must	have	a	dense	periodic	orbit.
In	some	cases,	the	last	two	properties	above	have	shown	to	imply	sensitivity	to	initial	conditions.	[22]	[23]	In	the	case	of	discrete	time,	this	is	true	for	all	the	continuous	maps	[needs	necessary]	on	spaces.	[24]	In	these	cases,	while	it	is	often	the	most	important	significant	property,	the	"sensitivity	to	the	initial	conditions"	should	not	be	declared	in	the
definition.	If	attention	is	limited	to	intervals,	the	second	property	implies	the	other	two.	[25]	An	alternative	and	a	generally	weaker	definition	of	chaos	uses	only	the	first	two	properties	in	the	previous	list.	[26]	Caos	as	a	spontaneous	distribution	of	the	main	article	of	topological	supersymmetry:	Supersymmetrical	theory	of	dynamic	systems	of	the
continuous	time	of	stochastic	dynamics,	chaos	is	theOf	the	spontaneous	breakdown	of	topological	overresimental,	which	is	an	intrinsic	owner	of	the	evolution	operators	of	all	the	evolution	operators	of	all	stochastic	and	deterministic	differentials	(partial)	differential	equations.	[27]	[28]	This	image	of	dynamic	chaos	works	not	only	for	deterministic
models,	but	also	for	With	external	noise	that	is	an	important	generalization	from	a	physical	point	of	view,	since	all	dynamic	systems	are	actually	experiencing	the	influence	from	their	stochastic	environments.	Within	this	image,	long-range	dynamic	behavior	associated	with	chaotic	dynamics	(for	example,	the	butterfly	effect)	is	a	consequence	of
Goldstone's	theorem,	in	the	application	to	spontaneous	rupture	of	topological	supersimmetry.	Sensitivity	to	the	initial	conditions	Main	article:	Butterfly	Lorenz	equations	used	to	generate	textures	for	the	Y	variable.	The	initial	conditions	for	X	and	Z	were	maintained	the	same	but	those	per	y	were	changed	between	1.001,	1.0001	and	1.00001.	The
values	​​for	ï	{DisplayStyle	RHO},	ïƒ	{DisplayStyle	SIGMA}	and	Î²	{DisplayStyle	Beta}	were	45.92,	16	and	4.	How	can	you	see	from	the	graph,	also	the	slightest	difference	of	Initial	values	​​causes	significant	changes	after	about	12	seconds	of	evolution	in	the	three	cases.	This	is	an	example	of	sensitive	dependence	on	the	initial	conditions.	Sensitivity	to
initial	conditions	means	that	every	point	in	a	chaotic	system	is	arbitrarily	strictly	approximated	by	other	points	that	have	significantly	different	future	paths	or	trails.	So,	an	arbitrarily	small	change	or	disturbance	of	the	current	trajectory	can	lead	to	significantly	different	future	behavior.	[2]	The	sensitivity	to	the	initial	conditions	is	commonly	known	as
"butterfly	effect",	so	called	due	to	the	title	of	a	document	given	by	Edward	Lorenz	in	1972	to	the	American	Association	for	the	Advancement	of	Science	in	Washington,	DC,	from	Predictability	title:	The	flap	of	a	Butterfly's	Wings	in	Brazil	put	out	a	tornado	in	Texas?	[29]	The	tilting	wing	represents	a	small	change	in	the	initial	condition	of	the	system,
which	causes	a	chain	of	events	that	prevents	the	preparation	of	phenomena	on	a	wide	phenomena	ladder.	If	the	butterfly	did	not	have	its	wings,	the	general	system	trajectory	would	have	been	very	different.	A	consequence	of	sensitivity	to	the	initial	conditions	is	that	if	we	start	with	a	limited	amount	of	system	information	(as	usually	it	is	the	case	in
practice),	then	over	some	time,	the	system	would	no	longer	be	predictable.	This	is	more	widespread	in	the	case	of	time,	which	is	generally	predictable	only	about	a	week	before.	[30]	This	does	not	mean	that	nothing	can	be	affirmed	on	distant	events	in	the	future,	only	that	some	restrictions	on	the	system	are	present.	For	example,	we	know	that	the
temperature	of	the	earth	surface	will	naturally	reach	100	Â	°	C	(212	Â	°	F)	or	descend	under	Â'130	Â	°	C	(Â'202	Â	°	F)	on	earth	(during	the	era	Current	geological),	but	we	cannot	expect	exactly	what	day	it	will	have	the	warmest	temperature	of	the	year.	In	more	mathematical	terms,	the	exponent	Lyapunov	measures	sensitivity	to	the	initial	conditions,
in	the	form	of	a	exponential	divergence	rate	Initial	disturbances.	[31]	More	specifically,	given	two	starting	trajectories	in	phase	spaceThey	are	infinitely	closed,	with	initial	separation	Ãž'z	0	{DisplayStyle	Mathbf	{z}	_	{0}},	the	two	trajectories	end	up	divergent	to	a	speed	supplied	by	|	Ãž'z	(t)	|	Ã	¢	â	€	°	and	Ãž	Â	»T	|	A	"z	0	|,	{displaystyle	|	delta
mathbf	{z}	(t)	|	about	and	^	{lambda	t}	|	delta	mathbf	{z}	_	{0}	|,}	where	t	{	DisplayStyle	T}	is	the	time	and	Ãž	â	€	œ	{DisplayStyle	Lambda}	is	the	exponent	Lyapunov.	The	separation	rate	depends	on	the	orientation	of	the	initial	separation	vector,	so	there	can	be	an	entire	spectrum	of	Lyapunov	exponents.	The	number	of	exponents	of	Lyapunov	is
the	same	as	the	number	of	phase	space	size,	although	it	is	common	simply	to	refer	to	the	larger	one.	For	example,	the	Maximal	Lyapunov	Exponent	(MLE)	is	more	used,	because	it	determines	the	overall	predicting	System.	A	positive	mle	is	usually	taken	as	an	indication	that	the	system	is	chaotic.	[6]	In	addition	to	the	owner	above,	there	are	also	other
properties	related	to	the	sensitivity	of	the	initial	conditions.	These	include,	for	example,	measure	theoretical	mixing	(as	discussed	in	the	ergodic	theory)	and	proprietà	of	a	k	system	[9].	Not	Periodicity	A	chaotic	system	can	have	sequences	of	values	​​for	the	evolving	variable	that	are	repeated	exactly,	giving	periodic	behavior	from	anywhere	in	that
sequence.	However,	these	periodic	sequences	are	rejected	rather	than	attracting,	which	means	that	if	the	evolving	variable	is	outside	the	sequence,	however	close,	will	not	enter	sequence	and	in	fact,	it	is	divided.	Therefore	for	almost	all	the	initial	conditions,	the	variable	evolves	chaotically	with	non-periodic	behavior.	Topologicals	that	mix	six
iterations	of	a	set	of	states	[X,	Y]	{DisplayStyle	[X,	Y]}	passed	through	the	logistics	map.	The	first	iterate	(blue)	is	the	initial	condition,	which	substantially	forms	a	circle.	The	animation	shows	the	first	to	the	sixth	iteration	of	the	circular	initial	conditions.	You	can	see	that	mixing	occurs	while	progressing	to	the	iterations.	The	sixth	iteration	shows	that
points	are	almost	completely	dissipated	in	the	phase	space.	We	had	progress	further	in	iterations,	mixing	would	have	been	homogeneous	and	irreversible.	The	logistics	map	has	the	equation	x	k	+	1	=	4	x	k	(1	x	k)	{displaystyle	x_	{k	+	1}	=	4x_	{k}	(1-x_	{k})}.	To	expand	the	logistics	map	status	space	in	two	sizes,	a	second	state,	Y	{DisplayStyle	y},
was	created	as	YK	+	1	=	XK	+	YK	{DisplayStyle	y_	{k	+	1}	=	x_	{k}	+	y_	{k}},	if	xk	+	yk	0}	Such	that	FK	(U)	Â	©	V	{DisplayStyle	f	^	{k}	(u)	Cap	Veq	Emptyset}.	Topological	transitivity	is	a	weaker	version	of	topological	mixing.	Intuitively,	if	a	map	is	topologically	transitive	then	given	a	point	X	and	a	region	V,	there	is	a	point	Y	near	X	whose	orbit
passes	through	V.	It	implies	that	it	is	impossible	to	decompose	the	system	in	two	open	sets.	[32]	An	important	related	theorem	is	the	Teorem	of	Birkhoff's	transitivity.	It	is	easy	to	see	that	the	existence	of	a	dense	orbit	implies	in	topological	transitivity.	Birkhoff's	transitivity	Theorema	states	that	if	X	is	a	second	constituated	metric	space,	complete,	then
topological	transitivity	implies	the	existence	of	a	dense	set	of	points	in	X	who	have	dense	orbits.	[33]	Densità	of	periodic	orbits	for	a	chaotic	system	having	dense	periodic	orbits	means	that	each	point	in	space	is	arbitrarily	approached	from	periodic	orbits.	[32]	The	one-dimensional	logistics	map	defined	by	X	â	†	'4	x	(1	â	€	"x)	is	one	of	the	simplest
systems	with	density	of	periodic	orbits.	For	example,	5	Â	'5	8	{DisplayStyle	{TFRAC	{5	-	{SQRT	{5}}}	{8}}}	â	†'	5	+	5	8	{DisplayStyle	{TFRAC	5+	{5}}	}	{8}}}	â	†	'5	Â'	5	8	{displayStyle	{TFRAC	{5	-	{sqrt	{5}}}	{8}}}	(or	about	0.3454915	â	†	'0.9045085	â	†'	0.3454915)	It	is	an	orbit	(unstable)	of	the	period	2,	and	similar	orbits	exist	for	periods	4,
8,	16,	etc.	(announced,	for	all	the	periods	specified	by	the	Sharkovskii	theorem).	[34]	Sharkovskii's	theorem	is	the	basis	of	LI	and	Yorke	[35]	(1975)	Try	that	any	continuous	single-dimensional	system	that	exhibits	a	regular	three-year	cycle	will	also	show	regular	cycles	of	any	other	length,	as	well	as	fully	chaotic	orbits	.	Strange	attractions	The	attractor
Lorenz	shows	chaotic	behavior.	These	two	plots	demonstrate	a	sensitive	dependence	on	the	initial	conditions	in	the	of	the	phase	space	occupied	by	the	attractor.	Some	dynamic	systems,	such	asLogistics	map	defined	by	x	â	†	'4	x	(1	â	€	"x),	are	chaotic	everywhere,	but	in	many	cases	chaotic	behavior	is	only	found	in	a	subset	of	phase	space.	The	most
interesting	cases	arise	when	chaotic	behavior	occurs	on	an	attractor,	since	then	a	large	set	of	initial	conditions	leads	to	orbits	that	converge	in	this	chaotic	region.	[36]	A	simple	way	to	view	a	chaotic	attractor	is	to	start	with	a	point	in	the	attractor's	basin,	and	then	simply	draw	its	next	orbit.	Due	to	the	condition	of	topological	transitivities,	it	is	likely
that	it	produces	an	image	of	the	entire	final	attractor,	and	in	fact	both	orbits	shown	in	the	figure	on	the	right	give	an	image	of	the	general	form	of	Lorenz's	attractor.	This	attractor	comes	from	a	simple	three-dimensional	model	of	the	Lorenz	weather	system.	The	Lorenz	attractor	is	perhaps	one	of	the	best	chaotic	diagrams	of	the	chaotic	system,
probably	because	it	is	not	only	one	of	the	first,	but	it	is	also	one	of	the	most	complex,	and	as	such	gives	rise	to	a	very	interesting	model	that,	with	Small	imagination,	seems	the	wings	of	a	butterfly.	Unlike	fixed-point	attractors	and	limit	cycles,	chaotic-system	attractors,	known	as	strange	attractors,	have	great	details	and	complexity.	Abstracts	occur	in
both	continuous	dynamic	systems	(such	as	the	Lorenz	system)	and	in	some	discrete	systems	(such	as	the	hÃ	©	non	map).	Other	discrete	dynamic	systems	have	a	restriction	structure	called	Julia	set,	which	forms	at	the	border	between	the	docks	of	attraction	of	the	fixed	points.	Julia's	sets	can	be	thought	of	as	strange	repellents.	Both	the	strange
attractors	and	sets	of	Julia	generally	have	a	fractal	structure,	and	the	fractal	dimension	can	be	calculated	for	them.	Minimum	complexity	of	a	chaotic	system	Diagram	of	the	bifurcation	of	the	logistic	map	x	â	†	'r	x	(1	â	€	"x).	Each	vertical	slice	shows	the	attractor	for	a	specific	value	of	r.	The	diagram	shows	the	doubling	of	the	period	as	r	increases,
eventually	producing	chaos.	Discrete	chaotic	systems,	such	as	logistics	map,	can	show	strange	attractors	regardless	of	their	size.	Universality	of	muneidimensional	maps	with	parabolic	maxima	and	constants	of	feigenbaum	Î'=	4.669201	...	{\displaystyle	\	delta	=	4.669201	...},	α	=	2.502907	...	{\displayStyle	\	Alpha	=	2.502907	...}	[37]	[38]	is	well
visible	with	the	map	proposed	as	toy	model	for	discrete	laser	dynamics:	x	â	†	'g	x	(1	â'	tanh	(x))	{\displaystyle	x	\	radriw	gx	(1-	\	mathrm	{tanh	}	(x))},	where	x	{\displaystyle	x}	stands	for	the	amplitude	of	the	electric	field,	G	{\displaystyle	G}	[39]	is	the	laser	gain	as	a	bifurcation	parameter.	The	gradual	increase	of	G	{\displaystyle	G}	at	the	interval	[0,
âž)	{\displayStyle	[0,	\	INFTY)}	Change	dynamics	regularly	to	Chaotic	[40]	withthe	same	bifurcation	diagram	as	those	for	the	logistics	map	.	On	the	contrary,	for	continuous	dynamic	systems,	the	PoincarÃ	©	â€	"Theorem	Bendixson	shows	that	a	strange	attractor	can	only	arise	in	three	or	more	sizes.	size.Linear	systems	are	never	chaotic;	For	a
dynamic	system	to	view	chaotic	behavior,	it	must	be	non-linear	or	infinite-dimensional.	The	theorem	PoincarÃ	©	-bendixson	states	that	a	two-dimensional	differential	equation	has	a	very	regular	behavior.	Lorenz's	attracts	discussed	below	is	generated	by	a	system	of	three	differential	equations	such	as:	dxdt	=	ïƒ	y	â	'ïƒ	x,	dydt	=	ï	x	Â'	xz	Â	'y,	dzdt	=	xy
Â	'Î²	z.	{displayStyle	{BE0.5}}	{frac}}}}}	{mathrm	{d}	t}}	&	=	sigma	y	sigma	x,	{frac	{mathrm	{d}	y}	{mathrm	{d}	t}}	&	=	rho	x-xz-y,	{frac	{mathrm	{d}	z}	{mathrm	{d}	t}}	&	=	xy-	beta	z	.	end	{aligned}	where	x	{displaystyle	x},	y	{displaystyle	y},	ez	{displaystyle	z}	make	up	the	status	of	the	system,	t	{displaystyle	t}	is	time,	and	ïƒ
{displaystyle	Sigma},	ï	{DisplayStyle	RHO},	Î²	{DisplayStyle	beta}	The	system	parameters	are.	Five	of	the	terms	on	the	right	side	are	linear,	while	two	are	quadratic;	A	total	of	seven	terms.	Another	well-known	chaotic	attractor	is	generated	by	the	equations	of	RÃ¶ssler,	which	only	have	a	non-linear	term	of	seven.	Sprott	[41]	found	a	three-
dimensional	system	with	only	five	terms,	which	had	only	one	non-linear	term,	which	shows	the	chaos	for	some	parameter	values.	Zhang	and	Heidel	[42]	[43]	demonstrated	that,	at	least	for	dissipative	and	conservative	quadratic	systems,	three-dimensional	quadratic	systems	with	only	three	or	four	terms	on	the	right	side	cannot	expose	chaotic
behavior.	The	reason	is	simply	that	the	solutions	to	these	systems	are	asymptotic	to	a	two-dimensional	surface	and	therefore	the	solutions	are	well	implemented.	While	the	poincarÃ	©	-bendixson	theorem	shows	that	a	continuous	dynamic	system	on	the	Euclidean	plane	cannot	be	chaotic,	continuous	two-dimensional	systems	with	non-euclidea
geometry	can	expose	chaotic	behavior.	[44]	[self-published	source?]	Perhaps	surprisingly,	chaos	can	Also	occur	in	linear	systems,	provided	they	are	infinite.	[45]	A	linear	chaos	theory	is	developed	in	a	mathematical	analysis	branch	known	as	a	functional	analysis.	Infinite	dimensional	maps	ï	‡	ï	‡	ï	ï	ï	ï	ï	ï	ï	ï	ï	ï	ï	ï	ï	ï	ï	ï	ï	ï	ï	ï	ï	ï	ï	ï	‡	ï	‡	‡	‡	‡	ï	‡	ï	ï	ï	ï	ï	ï	ï	ï	ï	ï	ï	ï
ï	ï	‡	ï	‡	‡	‡	‡	‡	‡	‡	‡	‡	‡	‡	‡	‡	‡	‡	‡	‡	‡	‡	‡	‡	‡	‡	‡	‡	‡	‡	‡	‡	‡	‡	Ï	‡	‡	ï	ï	ï	ï	ï	ï	ï	ï	ï	ï	ï	ï	ï	ï	‡	ï	ï	‡	‡	‡	‡	‡	‡	‡	‡	‡	‡	‡	‡	‡	‡	‡	‡	‡	‡	‡	‡	‡	‡	‡	‡	‡	‡	‡	‡	‡	Ï	‡	‡	For	examples	of	complex	maps,	the	Julia	Set	F	[ï]	=	ï	2	{DisplayStyle	f	[PSI]	=	psi	^	{2}}	or	ikeda	map	ï	n	+	1	=	a	+	b	Ï	EI	(|	ï	n	|	2	+	c)	{\displaystyle	\	psi	_	{n	+	1}	=	a	+	b	\	psi	_	{n}	and	{i	(|	\	psi	_	{n}	|	{2}	+	C)}}
may	serve.	Quando	Quando	Quando	Quando	Quando	Quando	Quando	Quando	Quando	Quando	Quando	Quando	Quando	Quando	Quando	Quando	Quando	Quando	Quando	Quando	Quando	Quando	Quando	Quando	Quando	Quando	Quando	Quando	Quando	Quando	Quando	Quando	Quando	Quando	Quando	Quando	Quando	Quando	Quando	Quando
Quando	Quando	Quando	Quando	Quando	Quando	Quando	Quando	Quando	Quando	Quando	Quando	Quando	Quando	Quando	Quando	Quando	Quando	Quando	Quando	Quando	Quando	Quando	Quando	Quando	Quando	Quando	Quando	Quando	Quando	Quando	Quando	Quando	Quando	Quando	Quando	Quando	Quando	Quando	Quando	Quando	Quando
Quando	Quando	Quando	Quando	Quando	Quando	Quando	Quando	Quando	Quando	Quando	Quando	distanza	distanza	Quando	Quando	Quando	distanza	distanza	Quando	Quando	distanza	Quando	Quando	Quando	Quando	Quando	distanza	distanza	distanza	distanza	distanza	distanza	distanza	distanza	distanza	distanza	distanza	distanza	distanza
distanza	distanza	distanza	Jerk	Systems	in	Physics,	Jerk	is	the	third	derivative	of	the	position,	compared	to	time.	As	such,	differential	equations	of	the	module	J	(x...,	X	Â	̈,	x	ë	TM,	x)	=	0	{\displaystyle	j	\	Left	({\\\	superperto	{...}	{x}},	{\	ddot	{x}},	{\	dot	{x}},	x	\	right)	=	0}	Sometimes	they	are	called	jerk	equations.	It	has	been	shown	that	a	twisted
equation,	which	is	equivalent	to	a	system	of	three	ordinary,	normal,	non-linear	differential	equations,	is	in	a	certain	sense	the	minimum	setting	for	solutions	that	show	chaotic	behavior.	This	motivates	the	mathematical	interest	in	jerk	systems.	Systems	involving	a	quarter	or	higher	derivatives	are	therefore	called	Hyperjerk	systems.	[50]	The	behavior
of	a	jerk	system	is	described	by	a	jerk	equation,	and	for	certain	jerk	equations,	simple	electronic	circuits	can	model	solutions.	These	circuits	are	known	as	layered	circuits.	One	of	the	most	interesting	properties	of	jerk	circuits	is	the	possibility	of	chaotic	behavior.	In	fact,	some	well-known	chaotic	systems,	such	as	Lorenz's	Attractor	and	Rösssler's	map,
are	conventionally	described	as	a	system	of	three	differential	equations	of	the	first	order	that	can	combine	in	a	single	jerk	equation	(although	rather	complicated).	Another	example	of	a	jerk	equation	with	non-linearity	in	the	size	of	x	is:	D	3	x	D	T	3	+	A	D	2	x	D	T	2	+	D	X	D	T	Â	'|	x	|	|	+	1	=	0.	{\displaystyle	{\	frac	{\	mathrm	{d}	mathrm	{d}	t	{3}}}	+	a
{\	frac	{\	mathrm	{d}	{\2}	x}	{\	MathRM	{D}	T}	{2}}}}	+	{\	FRAC	{\	MATHRM	{D}	X}	{\	MATARM	{D}	T}}	-	X	|	+	1	=	0}	Here,	a	is	an	adjustable	parameter.	This	equation	has	a	chaotic	solution	for	A	=	3/5	and	can	be	implemented	with	the	following	jerk	circuit;	The	required	non-linearity	is	caused	by	the	two	diodes:	in	the	circuit	above,	all
resistors	are	of	equal	value,	except	RA	=	R	/	A	=	5	R	/	3	{\	DisplayStyle	R_	{A}	=	R	/	A	=	5R	/	3}	,	and	all	capacitors	are	of	equal	size.	The	dominant	frequency	is	1/2	ï	€	r	c	{\displaystyle	1/2	\	PI	rc}.	The	output	of	the	UP	AMP	0	will	match	the	X	variable,	the	output	of	1	corresponds	to	the	first	X	derivative	and	the	output	of	2	corresponds	to	the	second
derivative.	Similar	circuits	only	require	a	diode	[51]	or	no	diodes.	[52]	See	also	thechua	circuit,	a	base	for	the	generators	of	real	chaotic	random	numbers	[53.]	the	ease	of	construction	of	the	circuit	has	made	an	example	of	a	world	around	the	ubiquitous	world	of	a	chaotic	system.	spontaneous	order	in	the	right	conditions,	conditions,Spontaneously
evolves	in	a	block	model.	In	the	Kuramoto	model,	four	conditions	are	sufficient	to	produce	synchronization	in	a	chaotic	system.	The	examples	include	the	coupled	oscillation	of	the	pendulums	of	Christiaan	Huygens,	the	fireflies,	neurons,	resonance	of	the	Millennium	Bridge	of	London	and	the	large	matrices	of	Josephson	Junctions.	[54]	History	Barnsley
Fern	created	using	chaos	game.	The	natural	shapes	(ferns,	clouds,	mountains,	etc.)	can	be	recreated	through	a	system	of	eterate	functions	(IFS).	A	first	supporter	of	the	chaos	theory	was	Henri	PoincarÃ	©.	In	1880,	while	studying	the	three-body	problem,	he	discovered	that	there	can	be	orbits	that	they	are	not	forwarding,	and	yet	they	do	not	increase
forever	approaching	a	fixed	point.	[55]	[55]	[57]	In	1898,	Jacques	Hadamard	has	published	an	influential	study	of	the	chaotic	movement	of	a	rotating	particle	impeller	without	friction	in	a	friction-free	way	on	a	surface	of	constant	negative	curvature,	called	"Billiards	of	Hadamard".	[58]	Hadamard	was	able	to	demonstrate	that	all	trajectories	are
unstable,	as	all	particle	trajectories	differ	exponentially	from	each	other,	with	a	positive	exponent	of	Lyapunov.	The	chaos	theory	began	in	the	field	of	ergodic	theory.	Subsequent	studies,	including	on	the	subject	of	non-linear	differential	equations,	were	conducted	by	George	David	Birkhoff,	[59]	Andrey	Nikolaevich	Kolmogorov,	[60]	[61]	[62]	Mary
Lucy	Cartwright	and	John	Eensor	Littlewood,	[63]	and	Stephen	Smpale	.	[64]	With	the	exception	of	SMALE,	these	studies	have	all	been	inspired	directly	by	physics:	the	problem	of	three	body	in	the	case	of	Birkhoff,	turbulence	and	astronomical	problems	in	the	case	of	Kolmogorov	and	radio	engineering	in	the	case	of	cartwright	and	headwood.
[Necessary	quote]	Although	the	chaotic	planetary	movement	had	not	been	observed,	the	experimental	had	met	the	fluid	and	oscillation	turbulence	not	sent	in	radio	circuits	without	the	benefit	of	a	theory	to	explain	what	they	were	seeing.	Despite	the	initial	intuitions	in	the	first	half	of	the	twentieth	century,	the	theory	of	chaos	was	formalized	as	such
after	half	of	the	century,	when	it	became	evident	for	the	first	time	to	some	scientists	that	the	linear	theory,	the	theory	of	the	prevailing	system	At	that	moment,	he	simply	could	not	explain	the	observed	behavior	of	some	experiments	such	as	that	of	the	logistics	map.	What	was	attributed	to	measuring	the	imprecision	and	the	simple	"noise"	was
considered	by	the	theorists	of	chaos	as	a	complete	component	of	the	systems	studied.	The	main	catalyst	for	the	development	of	the	chaos	theory	was	the	electronic	computer.	Much	of	the	mathematics	of	chaos	theory	involves	repeated	iteration	of	simple	mathematical	formulas,	which	would	be	not	practical	to	do	by	hand.	Electronic	computers	have
made	these	practical	repeated	calculations,	the	figures	and	images	allowed	to	display	these	systems.	As	a	graduate	student	in	the	Chihiro	Hayashi	laboratory	at	Kyoto	University,	Yoshisuke	Ueda	was	experimenting	with	analog	computers	and	noticed,	on	November	27,	1961,	what	he	called	"transitional	phenomena	randomly".	And	yet	his	counsellor
disagrees	with	his	conclusions	at	theAnd	he	didn't	let	him	report	his	results	until	1970.	[65]	[66]	Turbolency	in	the	peak	vortex	from	an	air	wing.	Studies	of	the	critical	point	beyond	which	a	system	creates	turbulence	was	important	for	chaos	theory,	analyzed	for	example	by	the	Soviet	physicist	Lev	Landau,	who	developed	Landau-Hopf's	Turbulence
theory.	David	Ruelle	and	Floris	Takens	later	predicted,	against	Landau,	that	fluid	turbulence	could	develop	through	a	strange	attractor,	a	main	concept	of	chaos	theory.	Edward	Lorenz	was	a	first	pioneer	of	theory.	His	interest	in	chaos	happened	accidentally	through	his	work	on	forecasting	time	in	1961.	[11]	Lorenz	was	using	a	simple	digital
computer,	a	Royal	McBee	LGP-30,	to	manage	his	time	simulation.	He	wanted	to	see	a	data	sequence	again	and	to	save	time	he	started	simulation	in	the	middle	of	his	course.	He	did	so	by	inserting	a	data	print	that	corresponded	to	the	conditions	in	the	middle	of	the	original	simulation.	In	his	surprise,	the	weather	began	to	predict	was	completely
different	from	the	previous	calculation.	Lorenz	tracked	down	to	the	computer	press.	The	computer	worked	with	accuracy	at	6	digits,	but	the	rounded	print	variables	stretch	over	a	3-digit	number,	then	a	value	like	0.506127	printed	as	0.506.	This	difference	is	tiny,	and	consent	at	the	moment	would	have	been	that	it	should	not	have	any	practical	effect.
However,	Lorenz	found	that	small	changes	in	initial	conditions	produced	great	changes	in	the	long-term	result.	[67]	Lorenz's	discovery,	which	gave	its	name	to	Lorenz's	attractors,	has	shown	that	even	detailed	atmospheric	modeling	cannot,	in	general,	prepare	precise	long-term	weather	forecasts.	In	1963,	Benoit	Mandelbrot	found	recurring	models	at
each	scale	in	the	price	data	of	cotton.	[68]	He	had	previously	studied	the	theory	of	information	and	the	finished	noise	was	modeled	as	a	set	of	a	singer:	on	any	scale	the	proportion	of	noise	retention	periods	to	periods	without	errors	was	a	constant	-	so	errors	were	inevitable	and	should	be	planned	incorporating	redundancy.	[69]	Mandelbrot	described
both	the	"Noah"	effect	(in	which	sudden	discontinuous	changes	may	occur)	and	the	"Joseph"	effect	(in	which	the	persistence	of	a	value	may	occur	for	a	while,	however	it	suddenly	changes	after).	[70]	[71]	This	challenged	the	idea	that	price	changes	were	normally	distributed.	In	1967,	he	published	"how	much	is	the	coast	of	Britain?	Auto-similar
statistical	and	fractional	size",	demonstrating	that	the	length	of	a	coast	varies	with	the	scale	of	the	measuring	instrument,	it	resembles	all	scales	and	is	infinite	in	length	for	an	infinitesimally	small	measuring	device.Arguing	that	a	spago	ball	appears	as	a	point	if	seen	from	afar	(0-dimensional),	a	ball	if	seen	from	close	enough	(three-dimensional),	or	a
curved	wire	(1	dimensional),	claimed	that	the	size	of	an	object	is	relative	At	the	observer	and	can	be	fractional.	An	object	whose	irregularity	is	constant	on	different	stairs	stairs	It	is	a	fractal	(the	examples	include	the	permanent	sponge,	the	seal	of	the	Sierpiãi	...	and	the	curve	of	SierpiÃ	...	and	the	Koch	curve	or	the	snowflake,	which	is	infinitely	long
along	a	finished	space	and	has	a	fractal	dimension	of	around	1,2619	).	In	1982,	Mandelbrot	published	the	fractal	geometry	of	nature,	which	became	a	classic	of	chaos	theory.	[73]	Organic	systems	such	as	branching	of	circulatory	and	bronchial	systems	have	shown	to	adapt	to	a	fractal	model.	[74]	In	December	1977,	the	New	York	Academy	of	Sciences
organized	the	first	chaos	symposium,	frequented	by	David	Ruelle,	Robert	May,	James	A.	Yorke	(coiner	of	the	term	"Chaos"	as	used	in	mathematics),	Robert	Shaw	e	The	EDWARD	LORENZ	meteorologist.	The	following	year	Pierre	Coullet	and	Charles	Tresser	has	published	"ItÃƒ	©	Rations	d'Endomorfismi	et	Groupe	de	Re	Renomalisation"	and	the	article
by	Mitchell	Feigenbaum	"The	quantitative	universality	for	a	class	of	non-linear	transformations"	has	appeared	finally	In	a	diary,	after	3	years	of	refurbish	waste.	[38]	[75]	So	Feigenbaum	(1975)	and	Coullet	&	Tresser	(1978)	discovered	universality	in	chaos,	allowing	the	application	of	chaos	theory	to	many	different	phenomena.	In	1979,	Albert	J.
Libchaber,	during	a	symposium	organized	in	Aspen	of	Pierre	Hohenberg,	presented	his	experimental	observation	of	the	bifurcation	waterfall	leading	to	chaos	and	turbulence	in	Rayleigh's	convection	systems	"BÃ	©	Nard.	He	received	the	prize	Wolf	in	physics	in	1986	with	Mitchell	J.	Feigenbaum	for	their	inspired	results.	[76]	In	1986,	New	York
Academy	of	Sciences	organized	with	the	National	Institute	of	Mental	Health	and	the	Naval	Research	Office	the	first	important	conference	on	the	Chaos	in	biology	and	medicine.	LÃ¬,	Bernardo	Huberman	presented	a	mathematical	model	of	the	tracing	disorder	of	the	eye	tracing	between	schizophrenic.	[77]	This	has	led	to	a	renewal	of	physiology	in
the	1980s	through	the	application	of	chaos	theory,	to	Example,	in	the	study	of	pathological	cardiac	cycles.	In	1987,	for	Bak,	Chao	Tang	and	Kurt	Wiesenfeld	published	a	document	in	physical	revision	letters	[78]	describing	for	the	P	Rimicing	the	self-organized	criticity	(SOC),	considered	one	of	the	mechanisms	through	which	the	complexity	arises	in
nature.	Next	to	widely	laboratory-based	approaches	such	as	the	"Tang"	Wiesenfeld	sandpile	bak,	many	other	investigations	focused	on	large-scale	natural	or	social	systems	that	are	known	(or	suspected)	to	view	invariant	invariant	behavior.	Although	these	approaches	have	not	always	been	accepted	(at	least	initially)	from	specialists	in	the	subjects
examined,	SOC	has	however	founded	as	a	strong	candidate	to	explain	a	number	of	natural	phenomena,	including	earthquakes,	(which,	long	before	SOC	was	discovered	,	they	were	known	as	a	source	of	invariant	behavior	of	scale	as	the	law	Gutenberg,	the	Richter	Law	that	describes	the	statistical	distribution	of	the	dimensions	of	the	earthquake	and
the	law	of	Oomori	[79]	which	describes	the	frequency	of	disappearance),	solar	rockets,	fluctuations	in	economic	systems	such	as	financial	markets	(references	to.	A.	They	are	common	in	echonophysics),	landscape	formation,	forest	fires,	landslides,	epidemics	and	organic	evolution	(where	it	was	invoked	SOC,	for	example,	as	the	dynamic	mechanism
behind	the	theory	of	"dotted	balances"	presented	by	Niles	Eldredge	and	Stephen	Jay	Gould	).	Given	the	implications	of	a	scale	distribution	of	the	size	of	events,	some	researchers	have	suggested	that	another	phenomenon	that	should	be	considered	an	example	of	SOC	is	the	occurrence	of	wars.	These	SOC	surveys	included	both	modeling	attempts	(in	a
development	of	new	models	or	adapting	to	those	existing	to	the	specifications	of	a	certain	natural	system)	and	a	wide	analysis	of	data	to	determine	the	existence	and	/	or	characteristics	of	the	Laws	of	natural	resizing.	In	the	same	year,	James	Glick	has	published	chaos:	making	a	new	science,	which	has	become	a	best	seller	and	introduced	the	general
principles	of	the	theory	of	chaos	and	its	history	to	the	large	public,	although	its	history	under	emphasis	is	important	Important	Soviet	contributions.	[Necessary	quote]	[80]	Initially	the	domain	of	some,	isolated	individuals,	chaos	theory	emerged	progressively	as	a	transdisciplinary	and	institutional	discipline,	mainly	under	the	name	of	the	analysis	of
non-linear	systems.	Alluding	to	the	concept	of	Thomas	Kuhn	of	a	shift	of	the	paradigm	exhibited	in	the	structure	of	scientific	revolutions	(1962),	many	"Choologists"	(as	some	describe)	stating	that	this	new	theory	was	an	example	of	this	turn,	a	thesis	confirmed	by	Gleick.	The	most	economical	and	more	powerful	computers	availability	expand	the
applicability	of	chaos	theory.	Currently,	the	theory	of	chaos	remains	an	active	area	of	​​research,	[81]	which	involves	many	different	disciplines	such	as	mathematics,	topology,	physics,	[82]	social	systems,	[83]	population	modeling,	biology,	meteorology,	astrophysics,	theory	of	the	Information,	Computational	Neurosciences,	Management	of	the
Pandemic	Crisis,	[15]	[16]	etc.	Applications	A	Textile	conus	shell,	similar	in	appearance	for	rule	30,	a	cellular	automaton	with	chaotic	behavior.	[84]	Although	the	theory	of	chaos	was	born	from	observing	meteorological	models,	it	has	become	applicable	to	a	variety	of	other	situations.	Some	areas	that	benefit	from	the	theory	of	chaos	today	are	geology,
mathematics,	biology,	computer	science,	economy,	[85]	[86]	[87]	Engineering,	[88]	[89]	Finance,	[90]	[91]	Algorithmic	trading,	[92	]	[93]	[94]	Meteorology,	Philosophy,	Anthropology,	[14]	Physics,	[95]	[96]	[97]	Politics,	[98]	[99]	Dynamics	of	the	population,	[100]	Psychology,	[13]	and	robotics.	Some	categories	are	listed	below	with	examples,	but	this	is
not	a	complete	list	at	all	how	to	appear	new	applications.	Cryptography	chaos	theory	was	used	for	many	years	in	encryption.	In	recent	decades,	chaos	and	non-linear	dynamics	have	been	in	the	design	of	hundreds	of	primitive	cryptographics.	These	algorithms	include	image	encryption	algorithms,	hash	functions,	safe	pseudo-casual	number	generators,
crawl	encryption,	watermark	and	steganography.	[101]	Most	of	these	algorithms	are	based	onChaotic	maps	and	a	large	part	of	these	algorithms	use	the	control	parameters	and	the	initial	condition	of	chaotic	maps	such	as	their	keys.[102]	From	a	broader	perspective,	without	general	loss,	the	similarities	between	chaotic	maps	and	cryptographic
systems	are	the	main	reason	for	the	design	of	cryptographic	algorithms	based	on	chaos.[101]	Another	type	of	encryption,	secret	key	or	symmetrical	key,	is	based	on	DNA	diffusion	and	theory.	[104]	Many	of	the	cryptographic	algorithms	of	DNA-Chaos	prove	unsafe,	or	the	applied	technique	is	suggested	not	to	be	efficient.	[105][106][107]	Robotics
Robotics	is	another	area	that	has	recently	benefited	from	chaos	theory.	Instead	of	robots	acting	in	a	type	of	test-e-error	refinement	to	interact	with	their	environment,	chaos	theory	was	used	to	build	a	predictive	model.	[108]	Chaotic	dynamics	were	exposed	by	passive	biped	robots	on	foot.	[109]	Biology	For	over	a	hundred	years,	biologists	have	been
tracking	populations	of	different	species	with	population	models.	Most	models	are	continuous,	but	scientists	have	recently	been	able	to	implement	chaotic	models	in	some	populations.	[110]	For	example,	a	study	on	Canadian	lynx	models	showed	that	there	was	chaotic	behavior	in	population	growth.[111]	Chaos	can	also	be	found	in	ecological	systems,
such	as	hydrology.	While	a	chaotic	model	for	hydrology	has	its	shortcomings,	there	is	still	much	to	learn	to	look	at	data	through	the	lens	of	chaos	theory.[112]	Another	biological	application	is	found	in	cardiotocography.	Fetal	surveillance	is	a	delicate	balance	of	getting	accurate	information	while	being	as	invasive	as	possible.	The	best	models	of	fetal
hypoxia	warning	signals	can	be	obtained	through	chaotic	modeling.[113]	It	is	possible	that	economic	models	can	be	improved	also	through	an	application	of	chaos	theory,	but	predicting	the	health	of	an	economic	system	and	what	factors	affect	more	is	an	extremely	complex	task.	[114]	Economic	and	financial	systems	are	fundamentally	different	from
those	of	classical	natural	sciences,	since	the	first	ones	are	inherently	stochastic	in	nature,	as	they	result	from	the	interactions	of	people,	and	therefore	pure	deterministic	models	are	unlikely	to	provide	accurate	representations	of	data.	The	empirical	literature	that	proves	for	chaos	in	the	economy	and	finance	presents	very	mixed	results,	partly	due	to
the	confusion	between	specific	evidence	for	chaos	and	more	general	tests	for	non-linear	relationships.	[115]	Chaos	could	be	found	in	economics	by	means	of	analysis	of	quantification	of	appeals.	In	fact,	Orlando	et	al.[116]	through	the	so-called	quantum	correlation	index	of	occurrence	were	able	to	detect	theHidden	in	the	time	series.	Then,	the	same
technique	was	used	to	detect	transitions	from(i.e.	regularly)	to	the	turbulent	phases	(i.e.	chaotic)	and	differences	between	macroeconomic	variables	and	highlight	the	hidden	features	of	economic	dynamics	[117].	Finally,	chaos	could	help	shape	the	way	the	economy	works	as	well	as	in	organizing	shocks	due	to	external	events	such	as	Covid-19.	[118]
For	an	up-to-date	account	on	the	instruments	and	results	obtained	from	chaotic	deterministic	models	calibrative	and	empirical	(e.g.	Kaldor-Kalecki,	[119]	Goodwin,	[120]	Harrod	[121]),	see	Orlando	et	al.	[122]	Other	areas	in	chemistry,	predisposing	the	solubility	of	gas	is	essential	to	produce	polymers,	but	models	using	swarm	optimization	An
improved	version	of	PSO	was	created	by	introducing	chaos,	which	keeps	the	simulations	from	remaining	stuck.	[123]	In	celestial	mechanics,	especially	when	asteroids	are	observed,	applying	chaos	theory	leads	to	better	predictions	when	these	objects	approach	Earth	and	other	planets.	[124]	Four	of	the	five	moons	of	Pluto	rotate	caotically.	In	quantum
physics	and	electrical	engineering,	Josephson's	study	of	great	joints	benefited	a	lot	from	chaos	theory.	[125]	Closer	to	home,	coal	mines	have	always	been	dangerous	places	where	frequent	natural	gas	leaks	cause	many	deaths.	Until	recently,	there	was	no	reliable	way	to	predict	when	they	occur.	But	these	gas	leaks	have	chaotic	tendencies	which,
when	properly	shaped,	can	be	predicted	quite	accurately.	[126]	The	theory	of	chaos	can	be	applied	outside	the	natural	sciences,	but	historically	almost	all	these	studies	have	suffered	from	lack	of	reproducibility;	poor	external	validity;	and/or	disregard	for	cross	validation,	resulting	in	poor	predictive	accuracy	(if	it	was	attempted	lost	by	a	prediction
outside	the	sample).	Glass	[127]	and	Mandell	and	Selz	[128]	have	found	that	no	EEG	study	has	yet	indicated	the	presence	of	strange	attractors	or	other	signs	of	chaotic	behavior.	Researchers	continued	to	apply	chaos	theory	to	psychology.	For	example,	in	the	modeling	behaviour	of	the	group	in	which	heterogeneous	members	can	behave	as	if	they
share	in	different	degrees,	what	in	Wilfred	Bion's	theory	is	a	basic	hypothesis,	the	researchers	found	that	the	Dynamic	Group	is	the	result	of	individual	member	dynamics:	each	individual	reproduces	The	dynamics	of	the	group	at	different	scale	and	the	chaotic	behavior	of	the	Group	is	reflected	in	each	member.	[129]	Redington	and	Reidbord	(1992)
tried	to	prove	that	the	human	heart	could	show	chaotic	traits.	They	monitored	changes	between	heartbeat	intervals	for	a	single	psychotherapy	patient	while	moving	through	periods	of	varying	emotional	intensityA	therapy	session.	The	results	were	admently	inconclusive.	Not	only	have	we	have	been	ambiguitess	in	the	various	plots	that	the	authors
produced	pretinement	tests	of	chaotic	dynamics	tests	(spectral	analysis,	phase	trajectory	and	autocorrelation	graphics),	but	also	when	they	tried	to	calculate	a	Lyapunov	exponent	as	more	In	their	1995,	Metcalf	and	Allen	[131]	claimed	that	a	doubling	time	model	leads	to	chaos	in	animal	behavior.	The	authors	examined	a	well-known	answer	called
polydipsia	induced	by	the	program,	with	which	a	private	animal	of	food	for	certain	lengths	of	time	Berra	unusual	amounts	of	water	when	the	food	is	finally	presented.	The	control	parameter	(R)	that	worked	here	was	the	length	of	the	interval	between	food,	once	resumed.	The	authors	were	attentive	to	testing	a	large	number	of	animals	and	to	include
many	replicas,	and	designed	their	experiment	so	as	to	exclude	the	probability	that	changes	in	response	models	were	caused	by	different	places	of	departure	for	r.	The	time	series	and	the	first	delay	plots	provide	the	best	support	for	the	affirmations	made,	showing	a	fairly	clear	gear	from	the	periodicity	to	the	irregularity	as	the	feeding	times	have	been
increased.	The	various	phase	trajectories	and	spectral	analyzes,	on	the	other	hand,	do	not	correspond	quite	well	with	other	graphs	or	with	the	general	theory	to	lead	inexorably	to	a	chaotic	diagnosis.	For	example,	phase	trajectories	do	not	show	a	progression	defined	towards	greater	and	greater	complexity	(and	away	from	periodicity);	The	process
looks	rather	muddy.	Moreover,	where	Metcalf	and	Allen	have	seen	periods	of	two	and	six	in	their	spectral	plot,	there	is	room	for	alternative	interpretations.	All	this	ambiguitous	requires	some	serpentenic	explanation,	post-hoc	to	show	that	the	results	adapt	to	a	chaotic	model.	By	adapting	a	professional	consulting	model	to	include	a	chaotic
interpretation	of	the	relationship	between	employees	and	the	labor	market,	Amundson	and	Bright	have	discovered	that	the	best	suggestions	can	be	made	to	people	struggling	with	career	decisions.	[132]	Modern	organizations	are	more	and	more	seen	as	complex	adaptation	systems	with	fundamental	non-linear	natural	structures,	subject	to	internal
and	external	forces	that	can	contribute	to	chaos.	For	example,	team	building	and	group	development	are	more	and	more	sought	after	as	an	intrinsically	unpredictable	system,	such	as	the	uncertainty	of	several	individuals	who	meet	for	the	first	time	makes	the	trajectory	of	the	unknowable	team.	[133]	Some	say	that	the	metaphor	of	chaos,	used	in
verbal	theories,	based	on	mathematical	models	and	psychological	aspects	of	human	behavior,	provides	useful	ideas	to	describe	the	complexity	of	small	work	groups,	which	go	beyond	the	metaphor	itself.	[134]	Traffic	forecasts	can	benefit	from	the	applications	of	chaos	theory.	The	best	forecasts	when	traffic	will	occur	allow	you	to	take	measures	to
disperse	before	it	occurs.	The	combination	of	the	principles	of	chaos	theory	with	some	other	methods	has	to	a	more	accurate	short-term	forecast	model	(see	the	plot	of	the	BML	traffic	model	on	the	right).[135]	The	chaos	theory	was	applied	to	the	data	of	the	environmental	water	cycle	(such	as	hydrological	data),	such	as	rain	and	flow	flow[136].
flow[136].Studies	have	produced	controversial	results,	because	methods	to	detect	a	chaotic	signature	are	often	relatively	subjective.	The	first	studies	tended	to	"succeed"	in	finding	chaos,	while	subsequent	studies	and	meta-analyzes	called	the	studies	in	question	and	provided	explanations	for	the	reason	why	these	data	sets	may	not	be	able	to	have
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