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This	post	answers	the	question	What	is	mesh	and	node	analysis.	This	two	techniques	are	both	used	as	basic	analysis	methods	for	circuits.	When	designing	a	complex	electrical	device	there	are	a	lot	of	factors	that	occur,	like	current	leaks,	heat	flow,	electromagnetic	fields,	behaviour	of	electrical	materials	etc.In	any	case	its	always	helpful	to	replace
existing	schemes	by	an	equivalent	network,	where	components	are	ideal.	For	instance,	its	easier	to	analyse	an	electric	circuit	when	single	sources,	loads	and	passive	elements	are	replaced	with	current	and	voltage	sources	and	resistors.	You	will	see	below	how	to	simplify	analysis	of	complex	circuits.	It	appears	easier	to	calculate	the	scheme
parameters	counterposing	a	complex	circuit	and	its	equivalent	analogue	network.	The	nodal,	mesh,	loop	and	superposition	methods	will	be	discovered.Nodal	analysisWe	discovered	above	the	way	of	analysing	simple	circuits	with	two	or	three	nodes.	The	nodal	method	will	allow	us	to	analyse	circuits	with	four	and	more	nodes	in	it.	By	the	calculations
above	we	found	out	the	quantity	on	variable,	voltages	and	equations	will	be	n1,	where	n	is	quantity	of	nodes	in	a	circuit.In	the	nodal	method	we	are	finding	the	node	voltages	with	the	following	steps:Select	a	reference	node.	Assign	all	the	rest	nodes	voltages	v1,...,vn1,	with	respect	to	reference	node.Use	Kirchhoffs	and	Ohms	Laws	to	each	non-
reference	node	and	branch	currents.Resolve	the	system	of	equations	and	obtain	node	voltages.Let	us	discover	the	three	node	circuits	in	the	Figure	1.	There	are	two	current	sources	and	three	resistors.Figure	1Let	us	consider	a	reference	node	3.	In	a	real	circuit	a	reference	node	is	ground,	it	is	assumed	to	have0	potential.	A	reference	node	can	also	be
the	one	with	the	biggest	quantity	of	connected	branches	like	in	our	case.By	the	Kirchhoffs	Law	having	the	following	current	relation:I1=i1+i2I2=i2i3Let	us	represent	currents	like	ratio	of	voltage	and	resistance	by	the	Ohms	Law:i1=v1R1,i2=v1v2R2,i3=v2R3;Ori1=v1*G1;i2=(v1v2)*G2;i3=v2*G3I1=v1*G1+(v1v2)*G2;I2=(v1v2)*G2v2*G3I1=v1*
(G1+G2)v2*G2I2=v1*G2v2*(G3+G2)And	we	achieve	the	following	matrix	equation,	which	can	be	resolved	by	the	Cramers	rule:G1+G2G3G2G3G2v1v2=I1I2These	types	of	matrices	equations	can	be	also	resolved	using	MATLAB,	Mathcad	and	other	software.Here	a	symmetric	circuit	was	resolved.	Let	us	consider	a	non-symmetric	circuit	with	a	voltage
source	in	a	system.Let	us	consider	the	scheme	in	the	Figure	2.Figure	2There	are	two	possibilities	that	exist:If	the	voltage	source	is	between	reference	node	and	non-reference	node,	the	non-reference	voltage	is	considered	equal	to	the	voltage	source.If	the	voltage	source	is	between	two	non-reference	nodes,	these	two	nodes	are	considered	to	be
generalised	nodes.	To	determine	its	voltage	Kirchhoffs	Laws	must	be	applied.Applying	Kirchhoffs	Laws	we	achieve	the	following	equations:i1+i4=i2+i3v2+5+v3=0v1=10;By	the	Ohms	Law:i1=v1v22;i2=v28;i3=v36;i4=v1v34These	equations	will	help	to	determine	node	voltages.The	node	method	is	a	very	generalised	method	of	circuits	analysis.	This
method	can	be	applied	to	any	circuit.	However,	its	not	the	only	one.	Here	below	is	the	most	commonly	used	method	Mesh	method.	It	can	also	be	applied	to	a	lot	of	circuits	and	is	considered	as	the	most	popular	method.Mesh	analysisMesh	analysis	is	applicable	to	the	networks	which	are	planar.Planar	network	is	a	network	where	branches	are	not
passing	over	or	under	each	other.This	method	differs	from	the	nodal	method	by	using	mesh	currents	instead	of	nodal	voltages	as	circuit	variables.	This	method	is	convenient	as	it	allows	us	to	reduce	the	number	of	equations	that	must	be	solved	simultaneously.	Nodal	method	uses	Kirchhoffs	currents	Law	to	consider	nodal	voltages,	and	Mesh	method
uses	Kirchhoffs	voltages	Law	to	consider	mesh	currents.	Mesh	is	a	loop,	which	does	not	contain	any	other	loops.Figure	3There	are	only	two	meshes	in	Figure	3	abefa	and	bcdeb,	abcdefa	is	not	a	mesh	but	a	loop	and	Kirchhoffs	Laws	work	here.	However,	for	Mesh	method	only	meshes	are	in	use.Mesh	analysis	steps	are	the	following:Assign	mesh
currents	to	all	the	meshes	in	a	circuit.Apply	Kirchhoffs	voltage	Law	to	each	mesh.	Apply	Ohms	Law	to	determine	voltages	with	mesh	currents.To	resolve	simultaneously	all	the	equations	to	consider	mesh	currents.Note	that	directions	of	mesh	currents	are	arbitrary,	but	it	is	better	to	suggest	that	they	are	all	clock-wise	(or	vice	versa),	to	avoid	mistakes
with	signs	in	equations.The	following	equations	correspond	to	the	Kirchhoffs	Voltage	Laws	for	the	meshes:V1=i1*(R1+R3)i2*R3V2=i1*R3+i2*(R3+R2);R1+R3R3R3R2+R3i112=V1V2Using	Cramers	formula	for	resolving	the	matrix	equations	above	we	can	find	mesh	currents,	which	allow	us	to	consider	currents	in	a	circuit.I1=i1,I2=i2,I1I2=i3Current
sources	in	a	circuit	will	bring	asymmetry	in	our	equations	and	calculations.	If	there	are	current	sources	in	the	circuit,	they	have	to	be	replaced	by	open	circuits.	The	source	currents	should	be	considered	as	i1,...,independing	on	the	number	of	sources.	Kirchhoffs	voltage	Law	can	be	applied	for	the	closed	circuits/meshes.	Simultaneously	resolving	this
equation,	circuits	and	mesh	currents	will	be	resolved.More	educational	and	technical	posts	you	can	read	at	our	Reddit	communityr/ElectronicsEasy.	Volt-ampere	characteristics	of	a	circuit	part	with	source	Tags:	meshnodal	analysis	Sign	Up	Now	&Daily	Live	Classes3000+	TestsStudy	Material	&	PDFQuizzes	With	Detailed	Analytics+	More	BenefitsGet
Free	Access	Now,the	free	encyclopedia	that	anyone	can	edit.117,185	active	editors	7,001,964	articles	in	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
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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
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questions	about	encyclopedic	topics.Content	portals	A	unique	way	to	navigate	the	encyclopedia.Wikipedia	is	written	by	volunteer	editors	and	hosted	by	the	Wikimedia	Foundation,	a	non-profit	organization	that	also	hosts	a	range	of	other	volunteer	projects:	CommonsFree	media	repository	MediaWikiWiki	software	development	Meta-WikiWikimedia
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EnglishSloveninaSrpskiSrpskohrvatskiSuomiTrkeOzbekcha	50,000+	articles	AsturianuAzrbaycancaBosanskiFryskGaeilgeGalegoHrvatskiKurdLatvieuLietuviNorsk	nynorskShqipSlovenina	Retrieved	from	"	2This	article	is	about	the	year	455.	For	other	uses,	see	455	(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	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).^	"The	Maya:	Glory	and	Ruin".	National	Geographic	Magazine.	Archived	from	the	original	on	April	9,	2008.^	"The	Austronesians:	Historical	and	Comparative	Perspectives".	ANU	Press.	Archived	from	the	original	on
2013-12-25.	Retrieved	2013-04-29.^	Lee,	Adela	C.Y.	"The	stirrup	and	its	effect	on	chinese	military	history".	Silkroad	Foundation.^	Sengupta,	J.	(2006).	Refractions	of	Desire,	Feminist	Perspectives	in	the	Novels	of	Toni	Morrison,	Michle	Roberts,	and	Anita	Desai.	Atlantic	Publishers	&	Distributors.	p.21.	ISBN978-81-269-0629-1.	Archived	from	the
original	on	4	May	2016.	Retrieved	7	December	2014.^	Kakar,	Sudhir;	Doniger,	Wendy	(2003).	Kamasutra.	Oxford;	Toronto:	Oxford	University	Press.	pp.xi.	ISBN978-0-19-283982-4.^	Bag,	A.K.	(1979).	Mathematics	In	Ancient	and	Medieval	India.	Delhi:	Chaukhambha	Orientalia.	p.15.^	Aland,	Kurt;	Aland,	Barbara	(1995).	The	Text	of	the	New
Testament:	An	Introduction	to	the	Critical	Editions	and	to	the	Theory	and	Practice	of	Modern	Textual	Criticism.	Erroll	F.	Rhodes	(trans.).	Grand	Rapids,	Michigan:	William	B.	Eerdmans	Publishing	Company.	p.109.	ISBN978-0-8028-4098-1.^	"Liste	Handschriften".	Mnster:	Institute	for	New	Testament	Textual	Research.	Retrieved	16	March
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an	idealized	heat	engine	operating	based	on	thermodynamic	principles.A	heat	engine	is	designed	to	convert	thermal	energy	into	mechanical	work	through	a	cyclic	process.	It	operates	according	to	the	principles	of	Physics	for	IIT	JEE	mainly	deals	with	some	core	concepts,	such	as	force,	energy,	mass,	and	charge,	and	In	this	article,	we	will	learn	about
mesh	analysis,	its	theoretical	explanation,	and	solved	examples.	As	we	know,	for	circuit	analysis,	there	are	various	tools	available	such	as	Ohms	law,	KCL,	KVL,	and	nodal	analysis.	Similarly,	mesh	analysis	is	a	method	of	circuit	analysis	that	is	based	on	Kirchhoffs	second	law	called	KVL	(Kirchhoffs	Voltage	Law).	In	mesh	analysis,	electric	circuits	are
analyzed	using	mesh	currents	as	the	circuit	variables.	In	other	words,	mesh	analysis	allows	us	to	analyze	electric	circuits	by	writing	circuit	equations	in	terms	of	mesh	currents	and	then	these	equations	are	solved	to	obtain	the	circuit	parameters.	What	is	a	Mesh?Before	going	to	discuss	mesh	analysis,	it	is	important	to	understand	what	is	a	mesh	in	an
electric	circuit.So,	a	mesh	is	nothing	but	a	loop	that	cannot	subdivided	into	other	loops.	Hence,	in	an	electric	circuit,	the	most	elementary	loop	which	does	not	contain	any	other	loop	within	it,	is	called	a	mesh.Also,	a	loop	in	an	electric	circuit	is	a	closed	path	through	which	an	electric	current	can	flow.Important	Points	About	Mesh	AnalysisThe	following
points	are	of	much	importance	while	dealing	with	mesh	analysis:In	mesh	analysis,	Kirchhoffs	voltage	law	(KVL)	is	utilized	to	determine	the	unknown	mesh	currents.Mesh	analysis	can	be	applied	to	planner	circuits	only,	and	it	is	not	applicable	to	a	non-planner	circuit.A	planner	circuit	is	an	electric	circuit	that	can	be	drawn	in	a	plane	with	no	branches
crossing	one	another.A	circuit	is	said	to	be	a	non-planner	circuit	if	there	is	no	way	to	draw	it	to	avoid	the	branches	crossing	each	other.Steps	Involved	in	Mesh	AnalysisThe	following	steps	are	to	be	followed	to	apply	mesh	analysis	to	an	electric	circuitStep	(1)	Identify	meshes	in	the	circuit	and	assign	currents	to	them.Step	(2)	Apply	KVL	and	Ohms	law
to	write	mesh	equations	in	terms	of	mesh	currents.Step	(3)	Solve	the	mesh	equations	simultaneously	to	obtain	the	mesh	currents.Let	us	understand	these	steps	with	the	help	of	an	example.Consider	an	electric	circuit	shown	in	the	following	figure.In	this	circuit,	there	are	two	meshes	namely,	abda	and	bcdb.	We	assigned	I1	and	I2	as	the	mesh	currents
to	these	two	meshes.	In	general,	we	take	the	clockwise	direction	of	currents.Now,	we	apply	KVL	to	each	mesh,	we	get	the	following	expressions.Applying	KVL	to	mesh-1,	we	get,$$V_1-I_1	R_1-(I_1-I_2	)	R_3=0$$$$V_1=I_1	(R_1+R_3	)-I_2	R_3(1)$$Applying	KVL	to	mesh-2,	we	get,$$-I_2	R_2-V_2-(I_2-I_1	)	R_3=0$$$$V_2=-I_2	R_2-I_2	R_3+I_1
R_3$$$$V_2=I_1	R_3-I_2	(R_2+R_3	)(2)$$Finally,	we	solve	these	equations	simultaneously	to	obtain	the	values	of	currents	I1	and	I2.Let	us	take	a	solved	numerical	example	to	understand	the	circuit	solution	using	mesh	analysis.Numerical	Example	Find	the	mesh	currents	in	the	following	circuit.Solution	Assigning	mesh	currents	and	applying	KVL	to
the	circuit.In	mesh-1,	applying	KVL,	we	get,$$20-2I_1-2(I_1-I_2	)-10=0$$$$4I_1-2I_2=10(1)$$In	mesh-2,	applying	KVL,	we	get,$$10-2(I_2-I_1	)-4I_2-4I_2=0$$$$-2I_1+10I_2=10(2)$$Solving	equations	(1)	and	(2)	simultaneously,	we	get,$$I_1=3.33\text{	A}$$$$I_2=1.67\text{	A}$$Mesh	Analysis	with	Current	SourcesIn	this	section,	we	will	learn	how
to	apply	mesh	analysis	to	circuits	containing	current	sources.	Mesh	analysis	of	a	circuit	containing	current	sources	is	much	easier	than	the	previous	case	because	the	presence	of	current	sources	reduces	the	number	of	simultaneous	equations.There	can	be	the	following	two	possible	cases	in	mesh	analysis	with	current	sources:Case	I	When	the	current
source	exists	only	in	one	mesh	as	shown	in	the	following	figure.In	this	case,	the	mesh	equations	will	be,In	mesh	1,	applying	KVL,	we	get,$$5-2I_1-4(I_1-I_2	)=0$$In	mesh	2,	we	get,$$I_2=-2\text{	A}$$The	rest	procedure	for	solving	this	circuit	is	similar	to	the	previous	one.Case	II	There	is	another	case	in	which	a	current	source	exists	between	two
meshes.	This	is	the	case	of	super	mesh.	Where,	a	super	mesh	is	formed	when	two	meshes	share	a	common	current	as	shown	in	the	following	figure.To	solve	super	mesh,	we	need	to	apply	both	KCL	and	KVL	to	the	circuit.As	in	this	circuit,	applying	KCL	at	node	(a),	we	get,$$I_1+2=I_2$$By	applying	KVL	in	the	super	mesh,	we	get,$$5-2I_1-2I_2-
4I_2=0$$Substituting	the	value	of	I2,	we	get,$$5-2I_1-2(I_1+2)-4(I_1+2)=0$$$$5-2I_1-2I_1-4-4I_1-8=0$$$$I_1=0.875\text{	A}$$And	current	I2	is,$$I_2=0.875+2=2.875\text{	A}$$This	is	how	we	apply	mesh	analysis	to	circuits	containing	current	sources.ConclusionThis	is	all	about	mesh	analysis.	In	this	article,	we	have	learned	about	mesh	analysis
and	its	different	cases.	More	specifically,	we	have	covered	mesh	analysis	of	circuits	containing	voltage	sources,	mesh	analysis	of	circuits	containing	current	sources,	and	mesh	analysis	with	super	mesh.	After	learning	this	concept,	you	should	try	to	solve	numerical	problems	based	on	it.	Method	in	electric	circuit	analysis"Loop	current"	redirects	here.
For	the	ocean	current	in	the	Gulf	of	Mexico,	see	Loop	Current.	For	the	electrical	signalling	scheme,	see	current	loop.Figure	1:	Essential	meshes	of	the	planar	circuit	labeled	1,	2,	and	3.	R1,	R2,	R3,	1/sC,	and	sL	represent	the	impedance	of	the	resistors,	capacitor,	and	inductor	values	in	the	s-domain.	Vs	and	Is	are	the	values	of	the	voltage	source	and
current	source,	respectively.	Mesh	analysis	(or	the	mesh	current	method)	is	a	circuit	analysis	method	for	planar	circuits;	planar	circuits	are	circuits	that	can	be	drawn	on	a	plane	surface	with	no	wires	crossing	each	other.	A	more	general	technique,	called	loop	analysis	(with	the	corresponding	network	variables	called	loop	currents)	can	be	applied	to
any	circuit,	planar	or	not[citation	needed].	Mesh	analysis	and	loop	analysis	both	make	systematic	use	of	Kirchhoffs	voltage	law	(KVL)	to	arrive	at	a	set	of	equations	guaranteed	to	be	solvable	if	the	circuit	has	a	solution.[1]	Similarly,	nodal	analysis	is	a	systematic	application	of	Kirchhoff's	current	law	(KCL).	Mesh	analysis	is	usually	easier	to	use	when
the	circuit	is	planar,	compared	to	loop	analysis.[2]Figure	2:	Circuit	with	mesh	currents	labeled	as	I1,	I2,	and	I3.	The	arrows	show	the	direction	of	the	mesh	current.	Mesh	analysis	works	by	arbitrarily	assigning	mesh	currents	in	the	essential	meshes	(also	referred	to	as	independent	meshes).	An	essential	mesh	is	a	loop	in	the	circuit	that	does	not
contain	any	other	loop.	Figure	1	labels	the	essential	meshes	with	one,	two,	and	three.[3]A	mesh	current	is	a	current	that	loops	around	the	essential	mesh	and	the	equations	are	solved	in	terms	of	them.	A	mesh	current	may	not	correspond	to	any	physically	flowing	current,	but	the	physical	currents	are	easily	found	from	them.[2]	It	is	usual	practice	to
have	all	the	mesh	currents	loop	in	the	same	direction.	This	helps	prevent	errors	when	writing	out	the	equations.	The	convention	is	to	have	all	the	mesh	currents	looping	in	a	clockwise	direction.[3]	Figure	2	shows	the	same	circuit	from	Figure	1	with	the	mesh	currents	labeled.Solving	for	mesh	currents	instead	of	directly	applying	Kirchhoff's	current	law
and	Kirchhoff's	voltage	law	can	greatly	reduce	the	amount	of	calculation	required.	This	is	because	there	are	fewer	mesh	currents	than	there	are	physical	branch	currents.	In	figure	2	for	example,	there	are	six	branch	currents	but	only	three	mesh	currents.Each	mesh	produces	one	equation.	These	equations	are	the	sum	of	the	voltage	drops	in	a
complete	loop	of	the	mesh	current.[3]	For	problems	more	general	than	those	including	current	and	voltage	sources,	the	voltage	drops	will	be	the	impedance	of	the	electronic	component	multiplied	by	the	mesh	current	in	that	loop.[4]If	a	voltage	source	is	present	within	the	mesh	loop,	the	voltage	at	the	source	is	either	added	or	subtracted	depending	on
if	it	is	a	voltage	drop	or	a	voltage	rise	in	the	direction	of	the	mesh	current.	For	a	current	source	that	is	not	contained	between	two	meshes	(for	example,	the	current	source	in	essential	mesh	1	in	the	circuit	above),	the	mesh	current	will	take	the	positive	or	negative	value	of	the	current	source	depending	on	if	the	mesh	current	is	in	the	same	or	opposite
direction	of	the	current	source.[3]	The	following	is	the	same	circuit	from	above	with	the	equations	needed	to	solve	for	all	the	currents	in	the	circuit.	{	Mesh	1:	I	1	=	I	s	Mesh	2:	V	s	+	R	1	(	I	2	I	1	)	+	1	s	C	(	I	2	I	3	)	=	0	Mesh	3:	1	s	C	(	I	3	I	2	)	+	R	2	(	I	3	I	1	)	+	s	L	I	3	=	0	{\displaystyle	{\begin{cases}{\text{Mesh	1:	}}I_{1}=I_{s}\\{\text{Mesh	2:	}}-
V_{s}+R_{1}(I_{2}-I_{1})+{\frac	{1}{sC}}(I_{2}-I_{3})=0\\{\text{Mesh	3:	}}{\frac	{1}{sC}}(I_{3}-I_{2})+R_{2}(I_{3}-I_{1})+sLI_{3}=0\\\end{cases}}\,}	Once	the	equations	are	found,	the	system	of	linear	equations	can	be	solved	by	using	any	technique	to	solve	linear	equations.There	are	two	special	cases	in	mesh	current:	currents	containing
a	supermesh	and	currents	containing	dependent	sources.Figure	3:	Circuit	with	a	supermesh.	Supermesh	occurs	because	the	current	source	is	in	between	the	essential	meshes.	A	supermesh	occurs	when	a	current	source	is	contained	between	two	essential	meshes.	The	circuit	is	first	treated	as	if	the	current	source	is	not	there.	This	leads	to	one
equation	that	incorporates	two	mesh	currents.	Once	this	equation	is	formed,	an	equation	is	needed	that	relates	the	two	mesh	currents	with	the	current	source.	This	will	be	an	equation	where	the	current	source	is	equal	to	one	of	the	mesh	currents	minus	the	other.	The	following	is	a	simple	example	of	dealing	with	a	supermesh.[2]	{	Mesh	1,	2:	V	s	+	R
1	I	1	+	R	2	I	2	=	0	Current	source:	I	s	=	I	2	I	1	{\displaystyle	{\begin{cases}{\text{Mesh	1,	2:	}}-V_{s}+R_{1}I_{1}+R_{2}I_{2}=0\\{\text{Current	source:	}}I_{s}=I_{2}-I_{1}\end{cases}}\,}	See	also:	Dependent	sourceFigure	4:	Circuit	with	dependent	source.	Ix	is	the	current	upon	which	the	dependent	source	depends.	A	dependent	source	is	a
current	source	or	voltage	source	that	depends	on	the	voltage	or	current	of	another	element	in	the	circuit.	When	a	dependent	source	is	contained	within	an	essential	mesh,	the	dependent	source	should	be	treated	like	an	independent	source.	After	the	mesh	equation	is	formed,	a	dependent	source	equation	is	needed.	This	equation	is	generally	called	a
constraint	equation.	This	is	an	equation	that	relates	the	dependent	sources	variable	to	the	voltage	or	current	that	the	source	depends	on	in	the	circuit.	The	following	is	a	simple	example	of	a	dependent	source.[2]	{	Mesh	1:	V	s	+	R	1	I	1	+	R	3	(	I	1	I	2	)	=	0	Mesh	2:	R	2	I	2	+	3	I	x	+	R	3	(	I	2	I	1	)	=	0	Dependent	variable:	I	x	=	I	1	I	2	{\displaystyle
{\begin{cases}{\text{Mesh	1:	}}-V_{s}+R_{1}I_{1}+R_{3}(I_{1}-I_{2})=0\\{\text{Mesh	2:	}}R_{2}I_{2}+3I_{x}+R_{3}(I_{2}-I_{1})=0\\{\text{Dependent	variable:	}}I_{x}=I_{1}-I_{2}\end{cases}}\,}	Nodal	analysisOhm's	lawKirchhoff's	circuit	lawsCircuit	diagramCircuit	topology	(electrical)Analysis	of	resistive	circuitsSource	transformation^
Hayt,	William	H.,	&	Kemmerly,	Jack	E.	(1993).	Engineering	Circuit	Analysis	(5th	ed.),	New	York:	McGraw	Hill.^	a	b	c	d	Nilsson,	James	W.,	&	Riedel,	Susan	A.	(2002).	Introductory	Circuits	for	Electrical	and	Computer	Engineering.	New	Jersey:	Prentice	Hall.^	a	b	c	d	Lueg,	Russell	E.,	&	Reinhard,	Erwin	A.	(1972).	Basic	Electronics	for	Engineers	and
Scientists	(2nd	ed.).	New	York:	International	Textbook	Company.^	Puckett,	Russell	E.,	&	Romanowitz,	Harry	A.	(1976).	Introduction	to	Electronics	(2nd	ed.).	San	Francisco:	John	Wiley	and	Sons,	Inc.Mesh	current	methodOnline	three-mesh	problem	solverRetrieved	from	"	analysis	is	a	technique	that	applies	Kirchhoffs	Voltage	Law	to	solve	complex
electrical	circuits	by	determining	mesh	currents.Understanding	Mesh	Analysis	in	Electric	CircuitsMesh	analysis,	also	known	as	loop	current	analysis,	is	a	technique	used	to	analyze	and	solve	complex	electrical	circuits.	It	is	based	on	Kirchhoffs	Voltage	Law	(KVL),	which	states	that	the	algebraic	sum	of	voltages	around	a	closed	loop	in	a	circuit	is
always	equal	to	zero.	In	this	article,	well	discuss	the	basics	of	mesh	analysis	and	its	applications	in	electric	circuits.Defining	a	MeshA	mesh	is	a	closed	loop	in	an	electrical	circuit	that	does	not	contain	any	other	closed	loops	within	it.	In	other	words,	it	is	the	simplest	loop	that	can	be	formed	within	a	circuit.	Mesh	analysis	aims	to	determine	the	current
flowing	through	each	mesh,	which	subsequently	helps	in	finding	the	voltages	and	currents	of	individual	components	in	the	circuit.Steps	to	Perform	Mesh	AnalysisIdentify	all	the	meshes	in	the	given	circuit.Assign	a	current	to	each	mesh	(usually	in	a	clockwise	direction).Write	KVL	equations	for	each	mesh,	considering	the	voltage	drops	across	each
element	in	the	loop.Solve	the	system	of	linear	equations	obtained	in	step	3	to	determine	the	mesh	currents.Calculate	the	currents	and	voltages	of	individual	components	using	the	mesh	currents.Advantages	of	Mesh	AnalysisSystematic	approach:	Mesh	analysis	provides	a	step-by-step	procedure	to	solve	complex	electrical	circuits,	making	it	easier	to
understand	and	implement.Reduced	complexity:	By	focusing	on	meshes	rather	than	individual	components,	the	number	of	equations	needed	to	solve	a	circuit	is	often	reduced.Applicable	to	various	circuits:	Mesh	analysis	can	be	applied	to	circuits	with	resistors,	capacitors,	inductors,	and	other	components,	making	it	a	versatile	technique.Limitations	of
Mesh	AnalysisPlanar	circuits	only:	Mesh	analysis	is	applicable	only	to	planar	circuits,	which	are	circuits	that	can	be	drawn	on	a	plane	without	any	crossing	wires.Increased	complexity	for	non-ideal	components:	When	dealing	with	non-ideal	components	like	dependent	sources,	additional	constraints	may	be	required,	complicating	the	analysis	process.In
conclusion,	mesh	analysis	is	a	powerful	and	systematic	technique	used	to	analyze	and	solve	complex	electrical	circuits.	By	focusing	on	the	simplest	loops	within	a	circuit	and	applying	Kirchhoffs	Voltage	Law,	mesh	analysis	can	help	determine	the	currents	and	voltages	of	individual	components,	making	it	an	invaluable	tool	for	electrical	engineers	and
technicians	alike.	Share	copy	and	redistribute	the	material	in	any	medium	or	format	for	any	purpose,	even	commercially.	Adapt	remix,	transform,	and	build	upon	the	material	for	any	purpose,	even	commercially.	The	licensor	cannot	revoke	these	freedoms	as	long	as	you	follow	the	license	terms.	Attribution	You	must	give	appropriate	credit	,	provide	a
link	to	the	license,	and	indicate	if	changes	were	made	.	You	may	do	so	in	any	reasonable	manner,	but	not	in	any	way	that	suggests	the	licensor	endorses	you	or	your	use.	ShareAlike	If	you	remix,	transform,	or	build	upon	the	material,	you	must	distribute	your	contributions	under	the	same	license	as	the	original.	No	additional	restrictions	You	may	not
apply	legal	terms	or	technological	measures	that	legally	restrict	others	from	doing	anything	the	license	permits.	You	do	not	have	to	comply	with	the	license	for	elements	of	the	material	in	the	public	domain	or	where	your	use	is	permitted	by	an	applicable	exception	or	limitation	.	No	warranties	are	given.	The	license	may	not	give	you	all	of	the
permissions	necessary	for	your	intended	use.	For	example,	other	rights	such	as	publicity,	privacy,	or	moral	rights	may	limit	how	you	use	the	material.	
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