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PDFprof.com	Contact	Us	confidentialit	-Privacy	policy	Exercice	-	Impdance	complexe	Afficher	Les	Categories	Retour	au	cours	page	l'accueil	Applications:	Impdances	complexesExercice	1:	Soit	le	circuit	ci-dessous,	on	donne	R	=	60	;	C4	=	39.8	F	avec	i(t)=	14	sin(314t)	a)	Calculer	les	impdances	complexes	ZR	et	ZC	,	respectivement	de	la	rsistance	et	du
condensateur.b)Calculer	l'impdance	Z	quivalente	de	tout	le	circuit.c)	En	dduire	la	tension	complexeU	:.de	u(t)	puis	les	tensions	complexes,	UR,	Uc	.	Exercice	2:	a)Calculer	lescourants	complexes	I1	et	I2	circulant	dans	le	circuit	ci-dessous,	le	circuit	est	aliment	sous	une	tension	sinusodale	d'quation	horaire:	u(t)=	1202	sin(314t+/3)	(V)	Donne:	R	=	60	;	L
=	240	mH;	C	=	16	F.	b)donner	l'quation	horaire	des	courants	i1(t)	et	i2(t).c)Calculer	l'impdance	complexe	de	tout	le	diple	d)Quel	est	le	dphasage	de	tout	le	diple?	ce	rcepteur	est-il	globalement	inductif	ou	capacitif?	Exercice	3:	a)Calculer	les	tensionss	complexes	U1	et	U2	tels	qu'elles	sont	dfinies	sur	le	circuit	ci-dessous,ce	circuit	est	parcouru	par	un
courant	sinusodal	d'quation	horaire:	i(t)=	7sin(314t	-	/6)	(A)	Donnes	:	R	=	36	;	L	=	318,5	mH;	C	=	53	F.	b)Donner	l'quation	horaire	des	tensions	u1(t)	et	u2(t).c)Calculer	l'impdance	complexe	de	tout	le	diple.d)Quel	est	le	dphasage	de	tout	le	diple?	ce	rcepteur	est-il	globalement	inductif	ou	capacitif?	Exercice	4:	On	considre	un	diple	ci-dessous,	qui	est
alimente	sous	tension	u(t)=	240	2	sin(314t)	(V),	on	donne	aussi	:	C1	=	13,27F,	R2	=	35;	L2	=	322	mH;	et	R3	=	60	;	L3	=	172	mH;	C4	=	39.8	F.	on	demande	de:	a)Calculer	l'intensit	I1	complexe,b)Calculer	l'impdance	complexe	de	tout	le	diple,	quel	est	sa	nature.?c)Calculer	les	courants	I2	etI3	et	I4complexes,	et	donner	leur	quation.d)Calculer	la	tension
U4Exercice	5	:	On	considre	le	circuit	ci-dessous	,	la	charge	est	un	recepteur	inductif	de	facteur	de	puissance	0,8	(	la	tension	u(t)	est	en	avance	sur	le	courant	i(t),	d'un	angle	=	cos-1	(0,8))	On	donne	:	R	=	800	m;	L	=	62	mH;	la	valeur	efficace	de	la	tension	aux	bornes	de	la	charge	est	U	=	200	V,	la	valeur	efficace	du	courant,	i(t)	est	I	=	18	A,	la	frquence
du	courant	est	de	50	Hz.	Dterminer	la	tension	complexe	E.Opposition	of	a	circuit	to	a	current	when	a	voltage	is	appliedArticles	aboutElectromagnetismElectricityMagnetismOpticsHistoryComputationalTextbooksPhenomenaElectrostaticsCharge	densityConductorCoulomb	lawElectretElectric	chargeElectric	dipoleElectric	fieldElectric	fluxElectric
potentialElectrostatic	dischargeElectrostatic	inductionGauss's	lawInsulatorPermittivityPolarizationPotential	energyStatic	electricityTriboelectricityMagnetostaticsAmpre's	lawBiotSavart	lawGauss's	law	for	magnetismMagnetic	dipoleMagnetic	fieldMagnetic	fluxMagnetic	scalar	potentialMagnetic	vector	potentialMagnetizationPermeabilityRight-hand
ruleElectrodynamicsBremsstrahlungCyclotron	radiationDisplacement	currentEddy	currentElectromagnetic	fieldElectromagnetic	inductionElectromagnetic	pulseElectromagnetic	radiationFaraday's	lawJefimenko	equationsLarmor	formulaLenz's	lawLinardWiechert	potentialLondon	equationsLorentz	forceMaxwell's	equationsMaxwell	tensorPoynting
vectorSynchrotron	radiationElectrical	networkAlternating	currentCapacitanceCurrent	densityDirect	currentElectric	currentElectric	powerElectrolysisElectromotive	forceImpedanceInductanceJoule	heatingKirchhoff's	lawsNetwork	analysisOhm's	lawParallel	circuitResistanceResonant	cavitiesSeries	circuitVoltageWattWaveguidesMagnetic	circuitAC
motorDC	motorElectric	machineElectric	motorGyratorcapacitorInduction	motorLinear	motorMagnetomotive	forcePermeanceReluctance	(complex)Reluctance	(real)RotorStatorTransformerCovariant	formulationElectromagnetic	tensorElectromagnetism	and	special	relativityFour-currentFour-potentialMathematical	descriptionsMaxwell	equations	in
curved	spacetimeRelativistic	electromagnetismStressenergy	tensorScientistsAmpreBiotCoulombDavyEinsteinFaradayFizeauGaussHeavisideHelmholtzHenryHertzHopkinsonJefimenkoJouleKelvinKirchhoffLarmorLenzLinardLorentzMaxwellNeumannOhmrstedPoissonPoyntingRitchieSavartSingerSteinmetzTeslaThomsonVoltaWeberWiechertvteIn
electrical	engineering,	impedance	is	the	opposition	to	alternating	current	presented	by	the	combined	effect	of	resistance	and	reactance	in	a	circuit.[1]Quantitatively,	the	impedance	of	a	two-terminal	circuit	element	is	the	ratio	of	the	complex	representation	of	the	sinusoidal	voltage	between	its	terminals,	to	the	complex	representation	of	the	current
flowing	through	it.[2]	In	general,	it	depends	upon	the	frequency	of	the	sinusoidal	voltage.	Impedance	extends	the	concept	of	resistance	to	alternating	current	(AC)	circuits,	and	possesses	both	magnitude	and	phase,	unlike	resistance,	which	has	only	magnitude.	Impedance	can	be	represented	as	a	complex	number,	with	the	same	units	as	resistance,	for
which	the	SI	unit	is	the	ohm	().Its	symbol	is	usually	Z,	and	it	may	be	represented	by	writing	its	magnitude	and	phase	in	the	polar	form	|Z|.	However,	Cartesian	complex	number	representation	is	often	more	powerful	for	circuit	analysis	purposes.The	notion	of	impedance	is	useful	for	performing	AC	analysis	of	electrical	networks,	because	it	allows
relating	sinusoidal	voltages	and	currents	by	a	simple	linear	law.	In	multiple	port	networks,	the	two-terminal	definition	of	impedance	is	inadequate,	but	the	complex	voltages	at	the	ports	and	the	currents	flowing	through	them	are	still	linearly	related	by	the	impedance	matrix.[3]	The	reciprocal	of	impedance	is	admittance,	whose	SI	unit	is	the	siemens,
formerly	called	mho.Instruments	used	to	measure	the	electrical	impedance	are	called	impedance	analyzers.Perhaps	the	earliest	use	of	complex	numbers	in	circuit	analysis	was	by	Johann	Victor	Wietlisbach	in	1879	in	analysing	the	Maxwell	bridge.	Wietlisbach	avoided	using	differential	equations	by	expressing	AC	currents	and	voltages	as	exponential
functions	with	imaginary	exponents	(see	Validity	of	complex	representation).	Wietlisbach	found	the	required	voltage	was	given	by	multiplying	the	current	by	a	complex	number	(impedance),	although	he	did	not	identify	this	as	a	general	parameter	in	its	own	right.[4]The	term	impedance	was	coined	by	Oliver	Heaviside	in	July	1886.[5][6]	Heaviside
recognised	that	the	"resistance	operator"	(impedance)	in	his	operational	calculus	was	a	complex	number.	In	1887	he	showed	that	there	was	an	AC	equivalent	to	Ohm's	law.[7]Arthur	Kennelly	published	an	influential	paper	on	impedance	in	1893.	Kennelly	arrived	at	a	complex	number	representation	in	a	rather	more	direct	way	than	using	imaginary
exponential	functions.	Kennelly	followed	the	graphical	representation	of	impedance	(showing	resistance,	reactance,	and	impedance	as	the	lengths	of	the	sides	of	a	right	angle	triangle)	developed	by	John	Ambrose	Fleming	in	1889.	Impedances	could	thus	be	added	vectorially.	Kennelly	realised	that	this	graphical	representation	of	impedance	was
directly	analogous	to	graphical	representation	of	complex	numbers	(Argand	diagram).	Problems	in	impedance	calculation	could	thus	be	approached	algebraically	with	a	complex	number	representation.[8][9]	Later	that	same	year,	Kennelly's	work	was	generalised	to	all	AC	circuits	by	Charles	Proteus	Steinmetz.	Steinmetz	not	only	represented
impedances	by	complex	numbers	but	also	voltages	and	currents.	Unlike	Kennelly,	Steinmetz	was	thus	able	to	express	AC	equivalents	of	DC	laws	such	as	Ohm's	and	Kirchhoff's	laws.[10]	Steinmetz's	work	was	highly	influential	in	spreading	the	technique	amongst	engineers.[11]In	addition	to	resistance	as	seen	in	DC	circuits,	impedance	in	AC	circuits
includes	the	effects	of	the	induction	of	voltages	in	conductors	by	the	magnetic	fields	(inductance),	and	the	electrostatic	storage	of	charge	induced	by	voltages	between	conductors	(capacitance).	The	impedance	caused	by	these	two	effects	is	collectively	referred	to	as	reactance	and	forms	the	imaginary	part	of	complex	impedance	whereas	resistance
forms	the	real	part.A	graphical	representation	of	the	complex	impedance	planeThe	impedance	of	a	two-terminal	circuit	element	is	represented	as	a	complex	quantity	Z	{\displaystyle	Z}	.	The	polar	form	conveniently	captures	both	magnitude	and	phase	characteristics	as	Z	=	|	Z	|	e	j	arg	(	Z	)	{\displaystyle	\	Z=|Z|e^{j\arg(Z)}}	where	the	magnitude	|	Z	|
{\displaystyle	|Z|}	represents	the	ratio	of	the	voltage	difference	amplitude	to	the	current	amplitude,	while	the	argument	arg	(	Z	)	{\displaystyle	\arg(Z)}	(commonly	given	the	symbol	{\displaystyle	\theta	}	)	gives	the	phase	difference	between	voltage	and	current.	In	electrical	engineering,	the	letter	i	{\displaystyle	i}	is	used	for	electric	current,	so	the
imaginary	unit	is	instead	represented	by	the	letter	j	{\displaystyle	j}	.[12]:21In	Cartesian	form,	impedance	is	defined	as	Z	=	R	+	j	X	{\displaystyle	\	Z=R+jX}	where	the	real	part	of	impedance	is	the	resistance	R	and	the	imaginary	part	is	the	reactance	X.Where	it	is	needed	to	add	or	subtract	impedances,	the	cartesian	form	is	more	convenient;	but	when
quantities	are	multiplied	or	divided,	the	calculation	becomes	simpler	if	the	polar	form	is	used.	A	circuit	calculation,	such	as	finding	the	total	impedance	of	two	impedances	in	parallel,	may	require	conversion	between	forms	several	times	during	the	calculation.	Conversion	between	the	forms	follows	the	normal	conversion	rules	of	complex
numbers.Generalized	impedances	in	a	circuit	can	be	drawn	with	the	same	symbol	as	a	resistor	(US	ANSI	or	DIN	Euro)	or	with	a	labeled	box.To	simplify	calculations,	sinusoidal	voltage	and	current	waves	are	commonly	represented	as	complex-valued	functions	of	time	denoted	as	V	{\displaystyle	V}	and	I	{\displaystyle	I}	.[13][14]	V	=	|	V	|	e	j	(	t	+	V	)	,	I
=	|	I	|	e	j	(	t	+	I	)	.	{\displaystyle	{\begin{aligned}V&=|V|e^{j(\omega	t+\phi	_{V})},\\I&=|I|e^{j(\omega	t+\phi	_{I})}.\end{aligned}}}	The	impedance	of	a	bipolar	circuit	is	defined	as	the	ratio	of	these	quantities:	Z	=	V	I	=	|	V	|	|	I	|	e	j	(	V	I	)	.	{\displaystyle	Z={\frac	{V}{I}}={\frac	{|V|}{|I|}}e^{j(\phi	_{V}-\phi	_{I})}.}	Hence,	denoting	=	V	I
{\displaystyle	\theta	=\phi	_{V}-\phi	_{I}}	,	we	have	|	V	|	=	|	I	|	|	Z	|	,	V	=	I	+	.	{\displaystyle	{\begin{aligned}|V|&=|I||Z|,\\\phi	_{V}&=\phi	_{I}+\theta	.\end{aligned}}}	The	magnitude	equation	is	the	familiar	Ohm's	law	applied	to	the	voltage	and	current	amplitudes,	while	the	second	equation	defines	the	phase	relationship.This	representation	using
complex	exponentials	may	be	justified	by	noting	that	(by	Euler's	formula):	cos	(	t	+	)	=	1	2	[	e	j	(	t	+	)	+	e	j	(	t	+	)	]	{\displaystyle	\	\cos(\omega	t+\phi	)={\frac	{1}{2}}{\Big	[}e^{j(\omega	t+\phi	)}+e^{-j(\omega	t+\phi	)}{\Big	]}}	The	real-valued	sinusoidal	function	representing	either	voltage	or	current	may	be	broken	into	two	complex-valued
functions.	By	the	principle	of	superposition,	we	may	analyse	the	behaviour	of	the	sinusoid	on	the	left-hand	side	by	analysing	the	behaviour	of	the	two	complex	terms	on	the	right-hand	side.	Given	the	symmetry,	we	only	need	to	perform	the	analysis	for	one	right-hand	term.	The	results	are	identical	for	the	other.	At	the	end	of	any	calculation,	we	may
return	to	real-valued	sinusoids	by	further	noting	that	cos	(	t	+	)	=	Re	{	e	j	(	t	+	)	}	{\displaystyle	\	\cos(\omega	t+\phi	)=\operatorname	{Re}	{\Big	\{}e^{j(\omega	t+\phi	)}{\Big	\}}}	An	AC	supply	applying	a	voltage	V	{\displaystyle	V}	,	across	a	load	Z	{\displaystyle	Z}	,	driving	a	current	I	{\displaystyle	I}	Main	article:	Ohm's	lawThe	meaning	of
electrical	impedance	can	be	understood	by	substituting	it	into	Ohm's	law.[15][16]	Assuming	a	two-terminal	circuit	element	with	impedance	Z	{\displaystyle	Z}	is	driven	by	a	sinusoidal	voltage	or	current	as	above,	there	holds	V	=	I	Z	=	I	|	Z	|	e	j	arg	(	Z	)	{\displaystyle	\	V=IZ=I|Z|e^{j\arg(Z)}}	The	magnitude	of	the	impedance	|	Z	|	{\displaystyle	|Z|}
acts	just	like	resistance,	giving	the	drop	in	voltage	amplitude	across	an	impedance	Z	{\displaystyle	Z}	for	a	given	current	I	{\displaystyle	I}	.	The	phase	factor	tells	us	that	the	current	lags	the	voltage	by	a	phase	=	arg	(	Z	)	{\displaystyle	\theta	=\arg(Z)}	(i.e.,	in	the	time	domain,	the	current	signal	is	shifted	2	T	{\textstyle	{\frac	{\theta	}{2\pi	}}T}
later	with	respect	to	the	voltage	signal).Just	as	impedance	extends	Ohm's	law	to	cover	AC	circuits,	other	results	from	DC	circuit	analysis,	such	as	voltage	division,	current	division,	Thvenin's	theorem	and	Norton's	theorem,	can	also	be	extended	to	AC	circuits	by	replacing	resistance	with	impedance.Main	article:	PhasorFurther	information:	Analytic
representationA	phasor	is	represented	by	a	constant	complex	number,	usually	expressed	in	exponential	form,	representing	the	complex	amplitude	(magnitude	and	phase)	of	a	sinusoidal	function	of	time.	Phasors	are	used	by	electrical	engineers	to	simplify	computations	involving	sinusoids	(such	as	in	AC	circuits[12]:53),	where	they	can	often	reduce	a
differential	equation	problem	to	an	algebraic	one.The	impedance	of	a	circuit	element	can	be	defined	as	the	ratio	of	the	phasor	voltage	across	the	element	to	the	phasor	current	through	the	element,	as	determined	by	the	relative	amplitudes	and	phases	of	the	voltage	and	current.	This	is	identical	to	the	definition	from	Ohm's	law	given	above,
recognising	that	the	factors	of	e	j	t	{\displaystyle	e^{j\omega	t}}	cancel.The	phase	angles	in	the	equations	for	the	impedance	of	capacitors	and	inductors	indicate	that	the	voltage	across	a	capacitor	lags	the	current	through	it	by	a	phase	of	/	2	{\displaystyle	\pi	/2}	,	while	the	voltage	across	an	inductor	leads	the	current	through	it	by	/	2	{\displaystyle
\pi	/2}	.	The	identical	voltage	and	current	amplitudes	indicate	that	the	magnitude	of	the	impedance	is	equal	to	one.The	impedance	of	an	ideal	resistor	is	purely	real	and	is	called	resistive	impedance:	Z	R	=	R	{\displaystyle	\	Z_{R}=R}	In	this	case,	the	voltage	and	current	waveforms	are	proportional	and	in	phase.Ideal	inductors	and	capacitors	have	a
purely	imaginary	reactive	impedance:the	impedance	of	inductors	increases	as	frequency	increases;	Z	L	=	j	L	{\displaystyle	Z_{L}=j\omega	L}	the	impedance	of	capacitors	decreases	as	frequency	increases;	Z	C	=	1	j	C	{\displaystyle	Z_{C}={\frac	{1}{j\omega	C}}}	In	both	cases,	for	an	applied	sinusoidal	voltage,	the	resulting	current	is	also
sinusoidal,	but	in	quadrature,	90	degrees	out	of	phase	with	the	voltage.	However,	the	phases	have	opposite	signs:	in	an	inductor,	the	current	is	lagging;	in	a	capacitor	the	current	is	leading.Note	the	following	identities	for	the	imaginary	unit	and	its	reciprocal:	j	cos	(	2	)	+	j	sin	(	2	)	e	j	2	1	j	j	cos	(	2	)	+	j	sin	(	2	)	e	j	(	2	)	{\displaystyle
{\begin{aligned}j&\equiv	\cos	{\left({\frac	{\pi	}{2}}\right)}+j\sin	{\left({\frac	{\pi	}{2}}\right)}\equiv	e^{j{\frac	{\pi	}{2}}}\\{\frac	{1}{j}}\equiv	-j&\equiv	\cos	{\left(-{\frac	{\pi	}{2}}\right)}+j\sin	{\left(-{\frac	{\pi	}{2}}\right)}\equiv	e^{j\left(-{\frac	{\pi	}{2}}\right)}\end{aligned}}}	Thus	the	inductor	and	capacitor	impedance	equations	can
be	rewritten	in	polar	form:	Z	L	=	L	e	j	2	Z	C	=	1	C	e	j	(	2	)	{\displaystyle	{\begin{aligned}Z_{L}&=\omega	Le^{j{\frac	{\pi	}{2}}}\\Z_{C}&={\frac	{1}{\omega	C}}e^{j\left(-{\frac	{\pi	}{2}}\right)}\end{aligned}}}	The	magnitude	gives	the	change	in	voltage	amplitude	for	a	given	current	amplitude	through	the	impedance,	while	the	exponential
factors	give	the	phase	relationship.What	follows	below	is	a	derivation	of	impedance	for	each	of	the	three	basic	circuit	elements:	the	resistor,	the	capacitor,	and	the	inductor.	Although	the	idea	can	be	extended	to	define	the	relationship	between	the	voltage	and	current	of	any	arbitrary	signal,	these	derivations	assume	sinusoidal	signals.	In	fact,	this
applies	to	any	arbitrary	periodic	signals,	because	these	can	be	approximated	as	a	sum	of	sinusoids	through	Fourier	analysis.For	a	resistor,	there	is	the	relation	v	R	(	t	)	=	i	R	(	t	)	R	{\displaystyle	v_{\text{R}}{\mathord	{\left(t\right)}}=i_{\text{R}}{\mathord	{\left(t\right)}}R}	which	is	Ohm's	law.Considering	the	voltage	signal	to	be	v	R	(	t	)	=	V	p	sin
(	t	)	{\displaystyle	v_{\text{R}}(t)=V_{p}\sin(\omega	t)}	it	follows	that	v	R	(	t	)	i	R	(	t	)	=	V	p	sin	(	t	)	I	p	sin	(	t	)	=	R	{\displaystyle	{\frac	{v_{\text{R}}{\mathord	{\left(t\right)}}}{i_{\text{R}}{\mathord	{\left(t\right)}}}}={\frac	{V_{p}\sin(\omega	t)}{I_{p}\sin	{\mathord	{\left(\omega	t\right)}}}}=R}	This	says	that	the	ratio	of	AC	voltage
amplitude	to	alternating	current	(AC)	amplitude	across	a	resistor	is	R	{\displaystyle	R}	,	and	that	the	AC	voltage	leads	the	current	across	a	resistor	by	0	degrees.This	result	is	commonly	expressed	as	Z	resistor	=	R	{\displaystyle	Z_{\text{resistor}}=R}	For	a	capacitor,	there	is	the	relation:	i	C	(	t	)	=	C	d	v	C	(	t	)	d	t	{\displaystyle	i_{\text{C}}
(t)=C{\frac	{\mathrm	{d}	v_{\text{C}}(t)}{\mathrm	{d}	t}}}	Considering	the	voltage	signal	to	be	v	C	(	t	)	=	V	p	e	j	t	{\displaystyle	v_{\text{C}}(t)=V_{p}e^{j\omega	t}}	it	follows	that	d	v	C	(	t	)	d	t	=	j	V	p	e	j	t	{\displaystyle	{\frac	{\mathrm	{d}	v_{\text{C}}(t)}{\mathrm	{d}	t}}=j\omega	V_{p}e^{j\omega	t}}	and	thus,	as	previously,	Z	capacitor
=	v	C	(	t	)	i	C	(	t	)	=	1	j	C	.	{\displaystyle	Z_{\text{capacitor}}={\frac	{v_{\text{C}}{\mathord	{\left(t\right)}}}{i_{\text{C}}{\mathord	{\left(t\right)}}}}={\frac	{1}{j\omega	C}}.}	Conversely,	if	the	current	through	the	circuit	is	assumed	to	be	sinusoidal,	its	complex	representation	being	i	C	(	t	)	=	I	p	e	j	t	{\displaystyle	i_{\text{C}}
(t)=I_{p}e^{j\omega	t}}	then	integrating	the	differential	equation	i	C	(	t	)	=	C	d	v	C	(	t	)	d	t	{\displaystyle	i_{\text{C}}(t)=C{\frac	{\mathrm	{d}	v_{\text{C}}(t)}{\mathrm	{d}	t}}}	leads	to	v	C	(	t	)	=	1	j	C	I	p	e	j	t	+	Const.	=	1	j	C	i	C	(	t	)	+	Const.	{\displaystyle	v_{C}(t)={\frac	{1}{j\omega	C}}I_{p}e^{j\omega	t}+{\text{Const.}}={\frac	{1}
{j\omega	C}}i_{C}(t)+{\text{Const.}}}	The	Const	term	represents	a	fixed	potential	bias	superimposed	to	the	AC	sinusoidal	potential,	that	plays	no	role	in	AC	analysis.	For	this	purpose,	this	term	can	be	assumed	to	be	0,	hence	again	the	impedance	Z	capacitor	=	1	j	C	.	{\displaystyle	Z_{\text{capacitor}}={\frac	{1}{j\omega	C}}.}	For	the	inductor,
we	have	the	relation	(from	Faraday's	law):	v	L	(	t	)	=	L	d	i	L	(	t	)	d	t	{\displaystyle	v_{\text{L}}(t)=L{\frac	{\mathrm	{d}	i_{\text{L}}(t)}{\mathrm	{d}	t}}}	This	time,	considering	the	current	signal	to	be:	i	L	(	t	)	=	I	p	sin	(	t	)	{\displaystyle	i_{\text{L}}(t)=I_{p}\sin(\omega	t)}	it	follows	that:	d	i	L	(	t	)	d	t	=	I	p	cos	(	t	)	{\displaystyle	{\frac	{\mathrm
{d}	i_{\text{L}}(t)}{\mathrm	{d}	t}}=\omega	I_{p}\cos	{\mathord	{\left(\omega	t\right)}}}	This	result	is	commonly	expressed	in	polar	form	as	Z	inductor	=	L	e	j	2	{\displaystyle	Z_{\text{inductor}}=\omega	Le^{j{\frac	{\pi	}{2}}}}	or,	using	Euler's	formula,	as	Z	inductor	=	j	L	{\displaystyle	Z_{\text{inductor}}=j\omega	L}	As	in	the	case	of
capacitors,	it	is	also	possible	to	derive	this	formula	directly	from	the	complex	representations	of	the	voltages	and	currents,	or	by	assuming	a	sinusoidal	voltage	between	the	two	poles	of	the	inductor.	In	the	latter	case,	integrating	the	differential	equation	above	leads	to	a	constant	term	for	the	current,	that	represents	a	fixed	DC	bias	flowing	through	the
inductor.	This	is	set	to	zero	because	AC	analysis	using	frequency	domain	impedance	considers	one	frequency	at	a	time	and	DC	represents	a	separate	frequency	of	zero	hertz	in	this	context.The	impedance	of	capacitors	and	inductors	were	defined	above	in	terms	of	j	{\displaystyle	j\omega	}	,	but	this	simplification	can	strictly	be	applied	only	to	circuits
that	are	driven	with	steady	state	AC	and	DC	signals,	a	condition	called	the	steady	state.	The	mere	act	of	turning	a	signal	source	ON	or	OFF	violates	this	steady	state	condition.	To	allow	evaluation	of	the	transient	response	in	addition	to	the	steady	state	of	a	circuit,	the	concept	of	impedance	can	be	extended	to	a	circuit	energised	with	any	arbitrary
signal	by	using	complex	frequency	s	=	+	j	{\displaystyle	s{=}\sigma	{+}j\omega	}	instead	of	just	j	{\displaystyle	j\omega	}	.	Signals	are	expressed	in	terms	of	complex	frequency	by	taking	the	Laplace	transform	of	the	time	domain	expression	of	the	signal.	The	impedance	of	the	basic	circuit	elements	in	this	more	general	notation	is	as
follows:ElementImpedance	expressionResistor	R	{\displaystyle	R\,}	Inductor	s	L	{\displaystyle	sL\,}	Capacitor	1	s	C	{\displaystyle	{\frac	{1}{sC}}\,}	For	a	steady	state	signal,	s	{\displaystyle	s}	simplifies	to	j	{\displaystyle	j\omega	}	.	This	further	simplifies	to	s	=	0	{\displaystyle	s{=}0}	for	a	DC-only	circuit,	in	which	case	every	inductor	will	behave
as	a	short	circuit	and	every	capacitor	will	behave	as	an	open	circuit.The	impedance	Z	{\displaystyle	Z}	of	an	electrical	component	is	defined	as	the	ratio	between	the	Laplace	transforms	of	the	voltage	over	it	and	the	current	through	it,	i.e.	Z	(	s	)	=	L	{	v	(	t	)	}	L	{	i	(	t	)	}	=	V	(	s	)	I	(	s	)	(general	impedance)	{\displaystyle	Z(s)={\frac	{{\mathcal	{L}}\
{v(t)\}}{{\mathcal	{L}}\{i(t)\}}}={\frac	{V(s)}{I(s)}}\qquad	{\text{(general	impedance)}}}	where	s	=	+	j	{\displaystyle	s=\sigma	+j\omega	}	is	the	complex	Laplace	parameter.Using	the	currentvoltage	relationship	of	an	inductor	[	v	(	t	)	=	L	d	i	(	t	)	d	t	]	{\displaystyle	[v(t){=}L{\tfrac	{\mathrm	{d}	i(t)}{\mathrm	{d}	t}}]}	,	the	Laplace	transform
of	its	voltage	is:	L	{	v	(	t	)	}	=	L	{	L	d	i	(	t	)	d	t	}	=	s	L	L	{	i	(	t	)	}	.	{\displaystyle	{\mathcal	{L}}\{v(t)\}={\mathcal	{L}}\{L\,{\tfrac	{\mathrm	{d}	i(t)}{\mathrm	{d}	t}}\}=sL\,{\mathcal	{L}}\{i(t)\}\,.}	Rearranging	so	that	L	{	v	(	t	)	}	{\displaystyle	{\mathcal	{L}}\{v(t)\}}	is	divided	by	L	{	i	(	t	)	}	{\displaystyle	{\mathcal	{L}}\{i(t)\}}	provides	the
inductor's	impedance:	Z	L	(	s	)	=	s	L	{\displaystyle	Z_{L}(s){=}sL}	.Using	the	currentvoltage	relationship	of	a	capacitor	[	i	(	t	)	=	C	d	v	(	t	)	d	t	]	{\displaystyle	[i(t){=}C{\tfrac	{\mathrm	{d}	v(t)}{\mathrm	{d}	t}}]}	,	the	Laplace	transform	of	its	current	is:	L	{	i	(	t	)	}	=	L	{	C	d	v	(	t	)	d	t	}	=	s	C	L	{	v	(	t	)	}	.	{\displaystyle	{\mathcal	{L}}\{i(t)\}=
{\mathcal	{L}}\{C\,{\tfrac	{\mathrm	{d}	v(t)}{\mathrm	{d}	t}}\}=sC\,{\mathcal	{L}}\{v(t)\}\,.}	Rearranging	so	that	L	{	v	(	t	)	}	{\displaystyle	{\mathcal	{L}}\{v(t)\}}	is	divided	by	L	{	i	(	t	)	}	{\displaystyle	{\mathcal	{L}}\{i(t)\}}	provides	the	capacitor's	impedance:	Z	C	(	s	)	=	1	s	C	{\displaystyle	Z_{C}(s){=}{\tfrac	{1}{sC}}}	.In	the	phasor
regime	(steady	state,	meaning	all	signals	are	represented	mathematically	as	simple	complex	exponentials	v	(	t	)	=	V	^	e	j	t	{\displaystyle	v(t)={\hat	{V}}\,e^{j\omega	t}}	and	i	(	t	)	=	I	^	e	j	t	{\displaystyle	i(t)={\hat	{I}}\,e^{j\omega	t}}	oscillating	at	a	common	frequency	{\displaystyle	\omega	}	),	impedance	can	simply	be	calculated	as	the	voltage-
to-current	ratio,	in	which	the	common	time-dependent	factor	cancels	out:	Z	(	)	=	v	(	t	)	i	(	t	)	=	V	^	e	j	t	I	^	e	j	t	=	V	^	I	^	(phasor-regime	impedance)	{\displaystyle	Z(\omega	)={\frac	{v(t)}{i(t)}}={\frac	{{\hat	{V}}\,e^{j\omega	t}}{{\hat	{I}}\,e^{j\omega	t}}}={\frac	{\hat	{V}}{\hat	{I}}}\qquad	{\text{(phasor-regime	impedance)}}}	The	phasor
domain	is	sometimes	dubbed	the	frequency	domain,	although	it	lacks	one	of	the	dimensions	of	the	Laplace	parameter.[17]	For	steady-state,	the	polar	form	of	the	complex	impedance	relates	the	amplitude	and	phase	of	the	voltage	and	current.	In	particular:The	magnitude	of	the	complex	impedance	is	the	ratio	of	the	voltage	amplitude	to	the	current
amplitude;The	phase	of	the	complex	impedance	is	the	phase	shift	by	which	the	current	lags	the	voltage.These	two	relationships	hold	even	after	taking	the	real	part	of	the	complex	exponentials	(see	phasors),	which	is	the	part	of	the	signal	one	actually	measures	in	real-life	circuits.Resistance	and	reactance	together	determine	the	magnitude	and	phase
of	the	impedance	through	the	following	relations:	|	Z	|	=	Z	Z	=	R	2	+	X	2	=	arctan	(	X	R	)	{\displaystyle	{\begin{aligned}|Z|&={\sqrt	{ZZ^{*}}}={\sqrt	{R^{2}+X^{2}}}\\\theta	&=\arctan	{\left({\frac	{X}{R}}\right)}\end{aligned}}}	In	many	applications,	the	relative	phase	of	the	voltage	and	current	is	not	critical	so	only	the	magnitude	of	the
impedance	is	significant.Main	article:	Electrical	resistanceResistance	R	{\displaystyle	R}	is	the	real	part	of	impedance;	a	device	with	a	purely	resistive	impedance	exhibits	no	phase	shift	between	the	voltage	and	current.	R	=	|	Z	|	cos	{\displaystyle	\	R=|Z|\cos	{\theta	}\quad	}	Main	article:	Electrical	reactanceReactance	X	{\displaystyle	X}	is	the
imaginary	part	of	the	impedance;	a	component	with	a	finite	reactance	induces	a	phase	shift	{\displaystyle	\theta	}	between	the	voltage	across	it	and	the	current	through	it.	X	=	|	Z	|	sin	{\displaystyle	\	X=|Z|\sin	{\theta	}\quad	}	A	purely	reactive	component	is	distinguished	by	the	sinusoidal	voltage	across	the	component	being	in	quadrature	with	the
sinusoidal	current	through	the	component.	This	implies	that	the	component	alternately	absorbs	energy	from	the	circuit	and	then	returns	energy	to	the	circuit.	A	pure	reactance	does	not	dissipate	any	power.Main	article:	CapacitanceA	capacitor	has	a	purely	reactive	impedance	that	is	inversely	proportional	to	the	signal	frequency.	A	capacitor	consists
of	two	conductors	separated	by	an	insulator,	also	known	as	a	dielectric.	X	C	=	1	C	=	1	2	f	C	.	{\displaystyle	X_{\mathsf	{C}}={\frac	{-1\	~}{\	\omega	\	C\	}}={\frac	{-1\	~}{\	2\pi	\	f\	C\	}}~.}	The	minus	sign	indicates	that	the	imaginary	part	of	the	impedance	is	negative.At	low	frequencies,	a	capacitor	approaches	an	open	circuit	so	no	current	flows
through	it.A	DC	voltage	applied	across	a	capacitor	causes	charge	to	accumulate	on	one	side;	the	electric	field	due	to	the	accumulated	charge	is	the	source	of	the	opposition	to	the	current.	When	the	potential	associated	with	the	charge	exactly	balances	the	applied	voltage,	the	current	goes	to	zero.Driven	by	an	AC	supply,	a	capacitor	accumulates	only	a
limited	charge	before	the	potential	difference	changes	sign	and	the	charge	dissipates.	The	higher	the	frequency,	the	less	charge	accumulates	and	the	smaller	the	opposition	to	the	current.Main	article:	InductanceInductive	reactance	X	L	{\displaystyle	X_{L}}	is	proportional	to	the	signal	frequency	f	{\displaystyle	f}	and	the	inductance	L	{\displaystyle
L}	.	X	L	=	L	=	2	f	L	{\displaystyle	X_{L}=\omega	L=2\pi	fL\quad	}	An	inductor	consists	of	a	coiled	conductor.	Faraday's	law	of	electromagnetic	induction	gives	the	back	emf	E	{\displaystyle	{\mathcal	{E}}}	(voltage	opposing	current)	due	to	a	rate-of-change	of	magnetic	flux	density	B	{\displaystyle	B}	through	a	current	loop.	E	=	d	B	d	t	{\displaystyle
{\mathcal	{E}}=-{{d\Phi	_{B}}	\over	dt}\quad	}	For	an	inductor	consisting	of	a	coil	with	N	{\displaystyle	N}	loops	this	gives:	E	=	N	d	B	d	t	{\displaystyle	{\mathcal	{E}}=-N{d\Phi	_{B}	\over	dt}\quad	}	The	back-emf	is	the	source	of	the	opposition	to	current	flow.	A	constant	direct	current	has	a	zero	rate-of-change,	and	sees	an	inductor	as	a	short-
circuit	(it	is	typically	made	from	a	material	with	a	low	resistivity).	An	alternating	current	has	a	time-averaged	rate-of-change	that	is	proportional	to	frequency,	this	causes	the	increase	in	inductive	reactance	with	frequency.The	total	reactance	is	given	by	X	=	X	L	+	X	C	{\displaystyle	{X=X_{L}+X_{C}}}	(	X	C	{\displaystyle	X_{C}}	is	negative)so	that
the	total	impedance	is	Z	=	R	+	j	X	{\displaystyle	\	Z=R+jX}	Main	article:	Series	and	parallel	circuitsThe	total	impedance	of	many	simple	networks	of	components	can	be	calculated	using	the	rules	for	combining	impedances	in	series	and	parallel.	The	rules	are	identical	to	those	for	combining	resistances,	except	that	the	numbers	in	general	are	complex
numbers.	The	general	case,	however,	requires	equivalent	impedance	transforms	in	addition	to	series	and	parallel.For	components	connected	in	series,	the	current	through	each	circuit	element	is	the	same;	the	total	impedance	is	the	sum	of	the	component	impedances.	Z	eq	=	Z	1	+	Z	2	+	+	Z	n	{\displaystyle	\	Z_{\text{eq}}=Z_{1}+Z_{2}+\cdots
+Z_{n}\quad	}	Or	explicitly	in	real	and	imaginary	terms:	Z	eq	=	R	+	j	X	=	(	R	1	+	R	2	+	+	R	n	)	+	j	(	X	1	+	X	2	+	+	X	n	)	{\displaystyle	\	Z_{\text{eq}}=R+jX=(R_{1}+R_{2}+\cdots	+R_{n})+j(X_{1}+X_{2}+\cdots	+X_{n})\quad	}	For	components	connected	in	parallel,	the	voltage	across	each	circuit	element	is	the	same;	the	ratio	of	currents
through	any	two	elements	is	the	inverse	ratio	of	their	impedances.Hence	the	inverse	total	impedance	is	the	sum	of	the	inverses	of	the	component	impedances:	1	Z	eq	=	1	Z	1	+	1	Z	2	+	+	1	Z	n	{\displaystyle	{\frac	{1}{Z_{\text{eq}}}}={\frac	{1}{Z_{1}}}+{\frac	{1}{Z_{2}}}+\cdots	+{\frac	{1}{Z_{n}}}}	or,	when	n	=	2:	1	Z	eq	=	1	Z	1	+	1	Z	2	=
Z	1	+	Z	2	Z	1	Z	2	{\displaystyle	{\frac	{1}{Z_{\text{eq}}}}={\frac	{1}{Z_{1}}}+{\frac	{1}{Z_{2}}}={\frac	{Z_{1}+Z_{2}}{Z_{1}Z_{2}}}}	Z	eq	=	Z	1	Z	2	Z	1	+	Z	2	{\displaystyle	\	Z_{\text{eq}}={\frac	{Z_{1}Z_{2}}{Z_{1}+Z_{2}}}}	The	equivalent	impedance	Z	eq	{\displaystyle	Z_{\text{eq}}}	can	be	calculated	in	terms	of	the	equivalent
series	resistance	R	eq	{\displaystyle	R_{\text{eq}}}	and	reactance	X	eq	{\displaystyle	X_{\text{eq}}}	.[18]	Z	eq	=	R	eq	+	j	X	eq	R	eq	=	(	X	1	R	2	+	X	2	R	1	)	(	X	1	+	X	2	)	+	(	R	1	R	2	X	1	X	2	)	(	R	1	+	R	2	)	(	R	1	+	R	2	)	2	+	(	X	1	+	X	2	)	2	X	eq	=	(	X	1	R	2	+	X	2	R	1	)	(	R	1	+	R	2	)	(	R	1	R	2	X	1	X	2	)	(	X	1	+	X	2	)	(	R	1	+	R	2	)	2	+	(	X	1	+	X	2	)	2
{\displaystyle	{\begin{aligned}Z_{\text{eq}}&=R_{\text{eq}}+jX_{\text{eq}}\\R_{\text{eq}}&={\frac	{(X_{1}R_{2}+X_{2}R_{1})(X_{1}+X_{2})+(R_{1}R_{2}-X_{1}X_{2})(R_{1}+R_{2})}{(R_{1}+R_{2})^{2}+(X_{1}+X_{2})^{2}}}\\X_{\text{eq}}&={\frac	{(X_{1}R_{2}+X_{2}R_{1})(R_{1}+R_{2})-(R_{1}R_{2}-X_{1}X_{2})
(X_{1}+X_{2})}{(R_{1}+R_{2})^{2}+(X_{1}+X_{2})^{2}}}\end{aligned}}}	The	measurement	of	the	impedance	of	devices	and	transmission	lines	is	a	practical	problem	in	radio	technology	and	other	fields.	Measurements	of	impedance	may	be	carried	out	at	one	frequency,	or	the	variation	of	device	impedance	over	a	range	of	frequencies	may	be	of
interest.	The	impedance	may	be	measured	or	displayed	directly	in	ohms,	or	other	values	related	to	impedance	may	be	displayed;	for	example,	in	a	radio	antenna,	the	standing	wave	ratio	or	reflection	coefficient	may	be	more	useful	than	the	impedance	alone.	The	measurement	of	impedance	requires	the	measurement	of	the	magnitude	of	voltage	and
current,	and	the	phase	difference	between	them.	Impedance	is	often	measured	by	"bridge"	methods,	similar	to	the	direct-current	Wheatstone	bridge;	a	calibrated	reference	impedance	is	adjusted	to	balance	off	the	effect	of	the	impedance	of	the	device	under	test.	Impedance	measurement	in	power	electronic	devices	may	require	simultaneous
measurement	and	provision	of	power	to	the	operating	device.The	impedance	of	a	device	can	be	calculated	by	complex	division	of	the	voltage	and	current.	The	impedance	of	the	device	can	be	calculated	by	applying	a	sinusoidal	voltage	to	the	device	in	series	with	a	resistor,	and	measuring	the	voltage	across	the	resistor	and	across	the	device.
Performing	this	measurement	by	sweeping	the	frequencies	of	the	applied	signal	provides	the	impedance	phase	and	magnitude.[19]The	use	of	an	impulse	response	may	be	used	in	combination	with	the	fast	Fourier	transform	(FFT)	to	rapidly	measure	the	electrical	impedance	of	various	electrical	devices.[19]The	LCR	meter	measures	a	component's
inductance	(L),	capacitance	(C),	and	resistance	(R);	from	these	values,	the	impedance	at	any	frequency	can	be	calculated.Consider	an	LC	tank	circuit.	The	complex	impedance	of	the	circuit	is	Z	(	)	=	j	L	1	2	L	C	.	{\displaystyle	Z(\omega	)={\frac	{j\omega	L}{1-\omega	^{2}LC}}.}	It	is	immediately	seen	that	the	value	of	1	|	Z	|	{\textstyle	{1	\over	|Z|}}
is	minimal	(actually	equal	to	0	in	this	case)	whenever	2	L	C	=	1.	{\displaystyle	\omega	^{2}LC=1.}	Therefore,	the	fundamental	resonance	angular	frequency	is	=	1	L	C	.	{\displaystyle	\omega	={1	\over	{\sqrt	{LC}}}.}	See	also:	Network	analysis	(electrical	circuits)	Time-varying	componentsIn	general,	neither	impedance	nor	admittance	can	vary	with
time,	since	they	are	defined	for	complex	exponentials	in	which	<	t	<	+.	If	the	complex	exponential	voltage	to	current	ratio	changes	over	time	or	amplitude,	the	circuit	element	cannot	be	described	using	the	frequency	domain.	However,	many	components	and	systems	(e.g.,	varicaps	that	are	used	in	radio	tuners)	may	exhibit	non-linear	or	time-varying
voltage	to	current	ratios	that	seem	to	be	linear	time-invariant	(LTI)	for	small	signals	and	over	small	observation	windows,	so	they	can	be	roughly	described	as	if	they	had	a	time-varying	impedance.	This	description	is	an	approximation:	Over	large	signal	swings	or	wide	observation	windows,	the	voltage	to	current	relationship	will	not	be	LTI	and	cannot
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EnglishThe	English-language	Wikipedia	thanks	its	contributors	for	creating	more	than	seven	million	articles!	Learn	how	you	can	take	part	in	the	encyclopedia's	continued	improvement.Members	of	the	victorious	Blondie	crewThe	Boat	Race	2018	took	place	on	24March.	Held	annually,	The	Boat	Race	is	a	side-by-side	rowing	race	between	crews	from
the	universities	of	Oxford	and	Cambridge	along	a	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	overall	record	to	8380	in	their	favour.	The	races	were	watched	by	around	250,000	spectators	live,	and	broadcast	around	the	world.	(Fullarticle...)Recently	featured:	Radar,	Gun	Laying,	Mk.I	and	Mk.IIAndrea	NavageroNosy	KombaArchiveBy	emailMore	featured	articlesAboutKitty	Marion...	that	Kitty	Marion
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atmosphere	and	corporate	practices?...	that	Haridas	Mitra	had	his	death	sentence	commuted	after	the	intervention	of	Mahatma	Gandhi?...	that	"Steve's	Lava	Chicken"	recently	became	the	shortest	song	to	enter	the	UK	Top	40?ArchiveStart	a	new	articleNominate	an	articleNgg	wa	Thiong'oKenyan	writer	and	activist	Ngg	wa	Thiong'o	(pictured)	dies	at
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the	arrival	of	a	Vandal	force	that	sacked	the	city.1223	Mongol	invasion	of	Kievan	Rus':	Mongol	forces	defeated	a	Kievan	Rus'	army	at	the	Battle	of	the	Kalka	River	in	present-day	Ukraine.1468	Cardinal	Bessarion	(pictured)	announced	his	donation	of	746	Greek	and	Latin	codices	to	the	Republic	of	Venice,	forming	the	Biblioteca	Marciana.1935	A
magnitude-7.7	earthquake	struck	Balochistan	in	British	India,	now	part	of	Pakistan,	killing	between	30,000	and	60,000	people.2013	An	extremely	large,	powerful,	and	erratic	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
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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	sine	and	versine	originated	in	Indian	astronomy.[9]Codex	Sinaiticus	and	the	Codex	Vaticanus	Graecus	1209,	are	the	earliest	Christian	bibles.[10][11]Book	of
Steps,	Syriac	religious	discourses.[citation	needed]^	a	b	"The	invention	and	influences	of	stirrup".	Archived	from	the	original	on	December	3,	2008.^	a	b	Roberts,	J:	"History	of	the	World".	Penguin,	1994.^	The	Long	Fourth	Century	284450:	Continuity	and	Change	in	the	Later	Roman	Empire	ed.	S.	McGill,	C.	Sogno	and	E.	Watts	(Cambridge	2008).^
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