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Show	mobile	alert	shows	all	notes	hide	all	mobile	notes	alert	that	appears	to	be	on	a	device	with	a	narrow	screen	width	(i.e.	you	are	probably	on	a	mobile	phone).	Due	to	the	nature	of	mathematics	on	this	site,	they	are	the	best	views	in	landscape	mode.	If	your	device	is	not	in	landscape	mode,	many	of	the	equations	will	be	executed	on	the	device	side
(they	should	be	able	to	scroll	to	see	them)	and	some	of	the	menu	items	will	be	cut	due	to	the	narrow	screen	width.	Here	are	my	notes	for	my	class	of	differential	equations	that	I	teach	here	at	lamar	university.	Despite	the	fact	that	these	are	my	"class	notes,"	they	should	be	accessible	to	anyone	who	wants	to	learn	how	to	solve	differential	equations	or
needs	an	update	on	differential	equations.	I	tried	to	make	these	notes	as	self-sufficient	as	possible	and	therefore	all	the	information	necessary	to	read	them	comes	from	a	calculation	class	or	algebra	or	contained	in	other	sections	of	the	notes.	Here	is	a	couple	of	warnings	for	my	students	who	might	be	here	to	get	a	copy	of	what	happened	in	a	day	you
lost.	because	I	wanted	to	make	this	a	quite	complete	set	of	notes	for	anyone	who	wants	to	learn	differential	equations	included	material	that	I	usually	do	not	have	time	to	cover	in	class	and	since	this	changes	from	semester	to	semester	is	not	noticed	here.	you	will	have	to	find	one	of	your	classmates	to	see	if	there	is	anything	in	these	notes	that	has	not
been	covered	in	class.	In	general,	I	try	to	work	in	classes	other	than	my	notes.	However,	with	the	differential	equation	many	of	the	problems	are	difficult	to	compensate	for	the	spur	of	the	moment	and	therefore	in	this	class	my	class	work	will	follow	these	pretty	close	notes	regarding	problems	essalc	essalc	ni	opmet	oh	non	osseps	,ertlonI	.itnuppa	ieim
ien	olos	illeuq	id	ipmese	¹Ãip	erinrof	ossop	odnauq	atset	alled	eroirepus	etrap	allad	oroval	id	imelborp	²Ãraf	,etlov	a	,etlov	a	,otseuq	otteD	eb	lliw	ew	tahw	no	sthguoht	lanif	fo	elpuoc	a	evig	ew	noitces	siht	nI	ÂÂÃ¢	sthguohT	laniF	.noitulos	eht	gnivah	yllautca	tuohtiw	noitauqe	laitnereffid	a	ot	noitulos	eht	tuoba	noitamrofni	emos	enimreted	ot	desu	eb
nac	sdleif	noitcerid	woh	etagitsevni	osla	eW	.	meht	hcteks	ot	woh	dna	sdleif	noitcerid	ssucsid	ew	noitces	siht	nI	ÂÂÃ¢	sdleiF	noitceriD	.ytidilav	fo	lavretni	dna	melborp	eulav	laitini	,snoitidnoc	laitini	,raenilnon	.sv	raenil	,redro	gnidulcni	decudortni	era	esruoc	snoitauqe	laitnereffid	a	ni	stpecnoc	dna	snoitinifed	nommoc	Eht	FO	Emros	Noitces	â€â€TMs
snoitifed	.snoitauqe	laitnereffid	ot	tualos	fo	roivaheb	eht	fo	emos	Enimreted	ot	desu	ot	nac	sdleid	sdleife	sdleife	ta	kool	a	ew	ew	sdleiff-a	ew	sdleiff-a	ew	sdleif-	sdleify	ta	kool	a	ew	sdleif-	sdleif-	sdleif-	sdleif-	sdleif-	sdleife	sdleife	sdleife	sdleife	sdleife	sdleife	sdleife	sdleife	sdleif-	noitero	sdleife	sdleifi	sdleife	sdleif-	noitcer	snoitifed	dna	stpecnoc	cisab	eht
fo	ynam	ketpahc	siht	ni	-	stpecnoc	cisab	.seton	Fo	tes	siht	ni	taht	lairetam	eht	fo	)noitpircsed	Feirb	dna	Eseht	ni	sthgisni	ro	lairetam	nettam	netm	dna	ssalc	dna	ssalc	seton	Eseht	of	gnihtyreve	ton	the	.elbuort	of	the	uoy	teg	ong	ong	ebac	ssalc	rof	ettontetta	rof	etnetta	rof	ednetta	rof	ettetta	rof	ednetta.	sti	tirem	tnatropmi	,smeti	eerht	suoiverp	eht	ot
detailed	ssiht	.era	secnereffid	eht	tahw	tahw	ees	dna	seton	rieht	te	salmoc	dna	ssalc	ssalc	ssalc	ssalc	ssalc	ssalc	ssalc	ssalc.	Evâ€â€â€âin	Taht	sthgisni	ot	ot	ot	ot	ssalc	deksa	step	noitseuq	doog	yrev	a	simethemos	.snoitseuq	eht	lla	tapicitna	tâ€â€Tr	snor	niht	snoht	snoht	yiw	y	to	the	tap	yrt	i	.erreh	derevoc	ton	era	taht	shtap	shtap	shtap	shtap	shtap
ssalc	snoitseuq	Setemos	.snoitcirtser	emit	ot	ot	ot	ot	tssalc	t	tâ€Trp	smelp	smelp	smotnnoc	niatnoc	niatnoc	niatnoc	smotnocs	FO	FO	at	throughout	this	course.	First	Order	Differential	Equations	-	In	this	chapter	we	will	look	at	several	of	the	standard	solution	methods	for	first	order	differential	equations	including	linear,	separable,	exact	and	Bernoulli
differential	equations.	We	also	take	a	look	at	intervals	of	validity,	equilibrium	solutions	and	Euler¢ÃÂÂs	Method.	In	addition	we	model	some	physical	situations	with	first	order	differential	equations.	Linear	Equations	¢ÃÂÂ	In	this	section	we	solve	linear	first	order	differential	equations,	i.e.	differential	equations	in	the	form	\(y'	+	p(t)	y	=	g(t)\).	We	give
an	in	depth	overview	of	the	process	used	to	solve	this	type	of	differential	equation	as	well	as	a	derivation	of	the	formula	needed	for	the	integrating	factor	used	in	the	solution	process.	Separable	Equations	¢ÃÂÂ	In	this	section	we	solve	separable	first	order	differential	equations,	i.e.	differential	equations	in	the	form	\(N(y)	y'	=	M(x)\).	We	will	give	a
derivation	of	the	solution	process	to	this	type	of	differential	equation.	We¢ÃÂÂll	also	start	looking	at	finding	the	interval	of	validity	for	the	solution	to	a	differential	equation.	Exact	Equations	¢ÃÂÂ	In	this	section	we	will	discuss	identifying	and	solving	exact	differential	equations.	We	will	develop	a	test	that	can	be	used	to	identify	exact	differential
equations	and	give	a	detailed	explanation	of	the	solution	process.	We	will	also	do	a	few	more	interval	of	validity	problems	here	as	well.	Bernoulli	Differential	Equations	¢ÃÂÂ	In	this	section	we	solve	Bernoulli	differential	equations,	i.e.	differential	equations	in	the	form	\(y'	+	p(t)	y	=	y^{n}\).	This	section	will	also	introduce	the	idea	of	using	a
substitution	to	help	us	solve	differential	equations.	Substitutions	¢ÃÂÂ	In	this	section	we¢ÃÂÂll	pick	up	where	the	last	section	left	off	and	take	a	look	at	a	couple	of	other	substitutions	that	can	be	used	to	solve	some	differential	equations.	In	particular	we	will	discuss	using	solutions	to	Differential	equations	of	the	shape	\	(y	'=	f	(\	frac	{y}	{x})	\)	and	\
(y'	=	g	(ax	+	by)	\).	Valid	intervals	-	In	this	section	we	will	give	a	thorough	look	at	validity	intervals	and	a	response	to	the	existence	and	demand	of	uniqueness	for	the	differential	equations	of	the	first	order.	Modeling	with	differential	equations	of	the	first	order	-	In	this	section	we	will	use	the	differential	equations	of	the	first	order	to	model	physical
situations.	In	particular,	we	will	examine	the	problems	of	mixing	(shaping	the	amount	of	a	loose	substance	in	a	liquid	and	liquid	enter	and	exit),	population	problems	(shaping	a	population	in	a	variety	of	situations	where	the	population	can	enter	or	exit)	and	fall	objects)	(Move	the	speed	of	an	object	falling	under	the	influence	of	both	gravity	and	air
resistance).	Balance	Solutions	-	In	this	section	we	will	define	balance	solutions	(or	balance	points)	for	autonomous	differential	equations,	\	(y	'=	f	(y)	\).	We	discuss	classifying	balance	solutions	as	an	asymptotically	stable,	unstable	or	semi-stable	balance	solutions.	The	Euler	method	-	in	this	section,	we	will	take	a	short	look	at	a	fairly	simple	method	to
approximate	solutions	to	differential	equations.	Let's	discuss	the	formulas	used	by	Euler's	method	and	give	a	brief	discussion	about	errors	in	the	approximation	of	solutions.	Differential	equations	of	the	second	order	-	In	this	chapter	we	will	begin	to	examine	the	differential	equations	of	the	second	order.	We	will	focus	mainly	on	differential	equations	of
second	order	constant	coefficients.	We	will	process	solutions	for	homogeneous	differential	equations	and	use	indeterminate	coefficient	methods	and	the	variation	of	parameters	to	solve	non-homogeneous	differential	equations.	In	addition,	we	will	discuss	the	reduction	of	order,	the	standard	foundations	ofwronskian	vibrations	and	mechanics.	basic
concepts	-	in	this	section	gives	an	in-depth	discussion	aboutused	to	solve	homogeneous	differential	equations,	linear,	according	to	order,	\(ay'	+	by'	+	cy	=	0\).	We	used	the	characteristic	polynomial	and	discuss	how	the	Superposition	Principle	is	used	to	obtain	the	general	solution.	Real	roots	–	In	this	section	we	discuss	the	solution	to	homogeneous
differential	equations,	linear,	of	second	order,	\(ay'	+	by'	+	cy	=	0\,)	in	which	the	roots	of	the	characteristic	polynomial,	\(ar^{2}	+	br	+	c	=	0\,)	are	true	distinct	roots.	Complex	roots	–	In	this	section	we	discuss	the	solution	to	homogeneous	differential	equations,	linear,	of	second	order,	\(ay'	+	by'	+	cy	=	0\,)	in	which	the	roots	of	the	characteristic
polynomial,	\(ar^{2}	+	br	+	c	=	0\,)	are	true	distinct	roots.	We	will	also	deter	the	standard	solution	that	is	typically	used	in	this	case	that	will	not	involve	complex	numbers.	Repeated	roots	–	In	this	section	we	discuss	the	solution	to	homogeneous,	linear,	second	order	differential	equations,	\(ay'	+	by'	+	cy	=	0\,)	in	which	the	roots	of	the	characteristic
polynomial,	\(ar^{2}	+	br	+	c	=	0\,)	are	repeated,	ie	double,	roots.	We	will	use	order	reduction	to	derive	the	second	solution	necessary	to	obtain	a	general	solution	in	this	case.	Order	Reduction	–	In	this	section	we	will	discuss	order	reduction,	the	process	used	to	derive	the	solution	to	the	case	of	repeated	roots	for	linear	differential	equations	of
homogeneous	second	order,	in	more	detail.	This	will	be	one	of	the	few	times	in	this	chapter	which	will	be	examined	the	differential	equation	of	the	non-consistent	coefficient.	Basic	Sets	of	Solutions	–	In	this	section	we	will	see	a	part	of	the	theory	behind	the	solution	to	second-order	differential	equations.	We	define	basic	sets	of	solutions	and	talk	about
how	they	can	be	used	to	achieve	a	general	solution	to	a	homogeneous	differential	equation	id	id	oiap	nu	es	eranimreted	rep	otazzilitu	eresse	²Ãup	emoc	omerertsom	e	naiksnorW	li	ehcna	omerinifeD	.enidro	odnoces	omeras	smrofsnarT	ecalpaL	id	enoizudortni'l	noC	.elaizini	erolav	id	imelborp	i	erevlosir	rep	itazzilitu	onognev	emoc	e	smrofsnarT	ecalpaL
omaitneserp	olotipac	otseuq	nI	-	smrofsnarT	ecalpaL	.airengegni	id	opmac	ortla	isaislauq	isauq	ni	otseuq	eratsops	²Ãup	)onatneserppar		Ãtitnauq	el	ehc	²Ãic	ni	otnemaibmac	etnednopsirroc	e(	enoizaton	id	otnemaibmac	ecilpmes	nu	,enoizes	atseuq	ni	ehcinaccem	inoizarbiv	el	onacifilpmese	is	ertnem	,ehc	ehcna	iton	iS	.otteggo'llus	eriga	id	ilareneg



enretse	ezrof	el	rep	e	ametsis	la	erotazzitromma	nu	id	enoizudortni'l	ehcna	omaittemreP	.¹Ãig	e	us	omaivoum	ic	e	allom	anu	a	otagelloc	otteggo	nu	omailledom	eralocitrap	nI	.ehcinaccem	inoizarbiv	el	omerenimase	enoizes	atseuq	nI	â	ehcinaccem	inoizarbiV	.iralocitrap	inoizulos	eravort	rep	atazzilitu	eresse	²Ãup	ehc	alumrof	anu	avired	e	odotem	led
otailgatted	emase	nu	omaiD	.aenegomo	non	elaiznereffid	enoizauqe'lla	iralocitrap	inoizulos	eravort	rep	irtemarap	ied	enoizairav	id	odotem	li	omaitneserp	enoizes	atseuq	nI	â	irtemarap	ied	enoizairaV	.odotem	li	rep	airassecen	¨Ã	ehc	eralocitrap	enoizulos	alled	amrof	alled	elaizini	isetopi'l	eraf	rep	adiug	eenil	etlom	el	onartsulli	ehc	ipmese	id	ammag
atsav	anu	omairovaL	.aenegomo	non	elaiznereffid	enoizauqe'lla	iralocitrap	inoizulos	eravort	rep	itinifed	non	itneiciffeoc	ied	odotem	li	omaicudortni	enoizes	atseuq	nI	â	itinifed	non	itneiciffeoC	.aenegomo	non	elaiznereffid	enoizauqe'nu	a	elareneg	enoizulos	alled	amrof	al	omaid	e	eralocitrap	e	atiutarg	enoizulos	al	omainifeD	.eenegomo	non	ilaiznereffid
inoizauqe	erevlosir	rep	isab	el	omeretucsid	enoizes	atseuq	nI	â	eenegomo	non	ilaiznereffid	inoizauqE	.naiksnorW	li	eravort	rep	ovitanretla	odotem	nu	ehcna	omeraD	.itnednepid	etnemraenil	o	itnednepidni	etnemraenil	onos	inoiznuf	eud	es	eranimreted	rep	otazzilitu	eresse	²Ãup	,etnedecerp	enoizes	allen	ottodortni	,naiksnorW	li	emoc	omerenimase
enoizes	atseuq	nI	â	naiksnorW	lus	¹ÃiP	.inoizulos	id	elatnemadnof	emeisni	nu	onos	able	to	solve	some	problems	of	initial	value	that	we	would	not	be	able	to	solve	otherwise.	We	will	solve	differential	equations	that	involve	Heaviside	and	Dirac	Delta	functions.	We	will	also	give	brief	overview	on	using	Laplace	transforms	to	solve	nonconstant	coefficient
differential	equations.	In	addition,	we	will	define	the	convolution	integral	and	show	how	it	can	be	used	to	take	inverse	transforms.	The	Definition	¢ÃÂÂ	In	this	section	we	give	the	definition	of	the	Laplace	transform.	We	will	also	compute	a	couple	Laplace	transforms	using	the	definition.	Laplace	Transforms	¢ÃÂÂ	In	this	section	we	introduce	the	way	we
usually	compute	Laplace	transforms	that	avoids	needing	to	use	the	definition.	We	discuss	the	table	of	Laplace	transforms	used	in	this	material	and	work	a	variety	of	examples	illustrating	the	use	of	the	table	of	Laplace	transforms.	Inverse	Laplace	Transforms	¢ÃÂÂ	In	this	section	we	ask	the	opposite	question	from	the	previous	section.	In	other	words,
given	a	Laplace	transform,	what	function	did	we	originally	have?	We	again	work	a	variety	of	examples	illustrating	how	to	use	the	table	of	Laplace	transforms	to	do	this	as	well	as	some	of	the	manipulation	of	the	given	Laplace	transform	that	is	needed	in	order	to	use	the	table.	Step	Functions	¢ÃÂÂ	In	this	section	we	introduce	the	step	or	Heaviside
function.	We	illustrate	how	to	write	a	piecewise	function	in	terms	of	Heaviside	functions.	We	also	work	a	variety	of	examples	showing	how	to	take	Laplace	transforms	and	inverse	Laplace	transforms	that	involve	Heaviside	functions.	We	also	derive	the	formulas	for	taking	the	Laplace	transform	of	functions	which	involve	Heaviside	functions.	Solving
IVPs'	with	Laplace	Transforms	-	In	this	section	we	will	examine	how	to	use	Laplace	transforms	to	solve	IVP¢ÃÂÂs.	The	examples	in	this	section	are	restricted	to	differential	equations	that	could	be	solved	without	using	Laplace	transform.	The	advantage	of	starting	out	with	this	type	of	differential	equation	is	that	the	work	tends	to	be	not	as	involved	and
It	always	can	check	our	answers	if	we	want.	Non	Constant	Coefficient	IVP	â	€	“In	this	section	we	will	give	a	brief	overview	of	the	use	of	laplace	transformations	to	solve	some	non	-constant	coefficients	IVP.	We	do	not	work	many	examples	in	this	section.	We	only	work	a	couple	to	illustrate	how	the	process	with	laplace	works.	IVP	With	Pass	functions	â
€	“This	is	the	section	in	which	the	reason	for	the	use	laplace	transforms	becomes	truly	evident.	We	will	use	the	transformations	of	laplace	to	resolve	the	functions	of	IVP	that	contain	the	functions	of	Heaviside	(or	step).	Without	Laplace,	transform	them	would	entail	a	lot	of	work.	While	we	work	one	of	these	examples	without	transformations	of	laplace,
we	do	it	only	to	show	that	it	would	be	involved	if	we	tried	to	resolve	one	of	the	examples	without	using	laplace	transformations.	DIRAC	DELTA	FUNCTION	â	€	"In	this	section	we	present	the	function	of	the	DIRAC	and	derives	the	transformation	of	the	dialing	function	transformation.	We	work	a	couple	of	examples	of	resolution	of	differential	equations
that	involve	the	dial	functions	delta	and	unlike	the	problems	with	the	functions	of	Heaviside	our	only	real	option	for	this	type	of	differential	equation	is	to	use	the	transformations	of	Laplace.	We	also	have	a	beautiful	relationship	between	the	functions	of	Heaviside	and	Dialc	Delta.	Convolution	integral	â	€	“In	this	section	we	give	a	brief	introduction	to
the	integral	councilor	and	as	can	be	used	to	take	inverse	laplace	transformations.	We	also	illustrate	its	use	in	resolving	a	differential	equation	in	which	the	forcing	function	(that	is,	the	term	without	any	of	you	in	it)	is	not	known.	Laplace	Transforms	table	â	€	“This	section	is	the	Laplace	Transforms	table	that	we	will	use	in	the	material.	We	give	the
large	variety	of	laplace	transforms	the	most	possible,	including	some	that	are	not	.omeraf	.omeraf	ol	ioN	.ilaiznereffid	inoizauqe	id	imetsis	erevlosir	omerdev	olotipac	otseuq	nI	-	ilaiznereffid	inoizauqE	id	imetsiS	.amrofsart	ecalpaL	id	ilovat	ni	itad	ourselves	to	systems	of	two	linear	differential	equations	for	the	purposes	of	the	discussion	but	many	of	the
techniques	will	extend	to	larger	systems	of	linear	differential	equations.	We	also	examine	sketch	phase	planes/portraits	for	systems	of	two	differential	equations.	In	addition,	we	give	brief	discussions	on	using	Laplace	transforms	to	solve	systems	and	some	modeling	that	gives	rise	to	systems	of	differential	equations.	Review	:	Systems	of	Equations
¢ÃÂÂ	In	this	section	we	will	give	a	review	of	the	traditional	starting	point	for	a	linear	algebra	class.	We	will	use	linear	algebra	techniques	to	solve	a	system	of	equations	as	well	as	give	a	couple	of	useful	facts	about	the	number	of	solutions	that	a	system	of	equations	can	have.	Review	:	Matrices	and	Vectors	¢ÃÂÂ	In	this	section	we	will	give	a	brief
review	of	matrices	and	vectors.	We	will	look	at	arithmetic	involving	matrices	and	vectors,	finding	the	inverse	of	a	matrix,	computing	the	determinant	of	a	matrix,	linearly	dependent/independent	vectors	and	converting	systems	of	equations	into	matrix	form.	Review	:	Eigenvalues	and	Eigenvectors	¢ÃÂÂ	In	this	section	we	will	introduce	the	concept	of
eigenvalues	and	eigenvectors	of	a	matrix.	We	define	the	characteristic	polynomial	and	show	how	it	can	be	used	to	find	the	eigenvalues	for	a	matrix.	Once	we	have	the	eigenvalues	for	a	matrix	we	also	show	how	to	find	the	corresponding	eigenvalues	for	the	matrix.	Systems	of	Differential	Equations	¢ÃÂÂ	In	this	section	we	will	look	at	some	of	the	basics
of	systems	of	differential	equations.	We	show	how	to	convert	a	system	of	differential	equations	into	matrix	form.	In	addition,	we	show	how	to	convert	an	\(n^{	\text{th}}\)	order	differential	equation	into	a	system	of	differential	equations.	Solutions	to	Systems	¢ÃÂÂ	In	this	section	we	will	a	quick	overview	on	how	we	solve	systems	of	differential
equations	that	are	in	matrix	form.	We	also	define	the	Wronskian	for	systems	of	differential	ew	ssecorp/alumrof	a	teg	ot	krow	noitavired	artxe	emos	deen	lliw	sretemarap	fo	noitairav	elihw	,snoitauqe	laitnereffid	redro	htn	rof	seod	ti	sa	hcum	ytterp	krow	lliw	stneiciffeoc	denimretednu	fo	dohtem	ehT	.snoitauqe	laitnereffid	fo	smetsys	suoenegomohnon
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era	seulavnegie	eht	hcihw	ni	snoitauqe	laitnereffid	raenil	owt	fo	smetsys	evlos	lliw	ew	noitces	siht	nI	ÂÂÃ¢	seulavnegiE	xelpmoC	.)sedon	dna	stniop	elddas(	seulavnegie	tcnitsid	laer	htiw	detaicossa	stiartrop	esahp	hcteks	ot	woh	wohs	osla	lliw	eW	.srebmun	laer	tcnitsid	era	seulavnegie	eht	hcihw	ni	snoitauqe	laitnereffid	raenil	owt	fo	smetsys	evlos	lliw
ew	noitces	siht	nI	ÂÂÃ¢	seulavnegiE	laeR	.detcurtsnoc	era	stiartrop	esahp	woh	fo	dohtem	lamrof	eht	wohs	osla	eW	.noitulos	muirbiliuqe	eht	fo	ytilibats	eht	enimreted	ot	desu	eb	nac	stiartrop	esahp	woh	dna	snoitauqe	laitnereffid	fo	metsys	suoenegomoh	a	rof	tniop/noitulos	muirbiliuqe	eht	enifed	eW	.stiartrop	esahp	dna	enalp	esahp	eht	ot	noitcudortni
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ehc	alulledom	elled	enucla	id	inoisnetse	enucla	da	adipar	ataihcco'nu	omaid	enoizes	atseuq	ni	-	enoizalledom	aL	.iraenil	ilaiznereffid	inoizauqe	eud	id	ametsis	nu	erevlosir	rep	etazzilitu	eresse	onossop	ecalpaL	id	inoizamrofsart	el	emoc	odnartsulli	oipmese	odipar	nu	omereroval	enoizes	atseuq	nI	-	amrofsart	ecalpaL	.imetsis	ius	erazzilitU	or	at	least	get
a	solution	approximation,	differential	equations	withthat	are	not	constant.	Eulero	equations	-	In	this	section	we	will	discuss	how	to	solve	Euler's	differential	equation,	\	(ax^{2}	y	''	+	b	x	y	'	+	c	y	=	0	\).	Note	that	although	this	does	not	involve	a	standard	solution,	it	is	included	in	the	Solution	chapter	of	the	series	because	it	illustrates	how	to	get	a
solution	at	least	one	type	of	differential	equation	in	a	singular	point.	Differential	equations	of	higher	order	-	In	this	chapter	we	will	try	to	extend	many	of	the	ideas	of	the	chapters	preceding	the	differential	equations	with	order	greater	than	that	2nd	order.	In	some	cases	this	will	simply	mean	making	an	example	to	explain	that	the	process	does	not
really	change,	but	in	most	cases	there	are	some	problems	to	discuss.	Basic	concepts	for	\	(n^{\	text	{th}}	\)	Linear	equations	order	-	In	this	section	we	will	start	the	chapter	with	a	quick	look	at	some	of	the	basic	ideas	behind	the	resolution	of	the	linear	differential	equations	of	higher	order.	Linear	homogeneous	differential	equations	-	In	this	section
we	will	extend	ideas	to	the	basis	of	the	resolution	of	the	2nd	order,	linear	and	homogeneous	differential	equations	to	the	upper	order.	Since	most	of	the	process	is	identical	to	some	natural	extensions	to	repeated	real	roots	that	occur	more	than	twice.	We	will	also	have	to	discuss	how	to	deal	with	the	repeated	complex	roots,	which	are	now	a	possibility.
In	addition,	we	will	see	that	the	main	difficulty	in	higher	order	cases	is	simply	to	find	all	the	roots	of	the	characteristic	polynomial.	Indefinite	coefficients	-	In	this	section	we	work	a	quick	example	to	explain	that	the	use	of	indeterminate	coefficients	on	higher	order	differential	equations	is	no	different	than	when	we	used	it	on	atailgatted	atailgatted
enoissucsid	anu	omerad	enoizes	atseuq	nI	-	irtemarap	ied	enoizairaV	.elarutan	enoisnetse	alos	anu	noc	enidro	°Â	2	led	ilaiznereffid	the	process	for	the	use	of	variable	parameters	for	higher	order	differential	equations.	We	will	also	develop	a	formula	that	can	be	used	in	these	cases.	we	will	also	see	that	the	work	involved	in	the	use	of	the	change	of
parameters	on	the	differential	equations	of	higher	order	can	be	quite	involved	on	occasion.	laplace	transforms	–	in	this	section	we	will	work	a	quick	example	oando	laplace	transforms	to	solve	a	differential	equation	on	a	differential	equation	of	the	third	order	only	to	say	that	we	looked	at	one	with	order	greater	than	2.	As	we	will	see,	outside	the	need
for	a	formula	for	the	laplace	transformation	of	(y,)''	that	we	can	get	from	the	general	formula,	there	is	no	real	difference	in	how	laplace	transformations	are	used	for	higher	order	differential	equations.	Differential	equation	systems	–	in	this	section	we	will	take	a	quick	look	at	extending	the	ideas	we	discussed	to	solve	the	\(2	\times	2\)	systems	of
differential	equations	to	\(3	\times	3\).	as	we	will	see	are	mostly	only	natural	extensions	of	what	we	already	know	who	to	do.	we	will	also	make	a	couple	of	quick	comments	on	the	systems	\(4	\times	4\).	series	solutions	–	in	this	section	we	are	going	to	work	a	quick	example	by	illustrating	that	the	process	of	research	of	series	solutions	for	higher	order
differential	equations	is	practically	the	same	as	that	used	on	2nd	order	differential	equations.	Fourier	series	and	value	problems	-	in	this	chapter	we	will	introduce	two	topics	which	are	an	integral	part	of	the	basic	differential	equations	solution	methods.	the	first	argument,	problems	of	limit	value,	occurs	in	practically	every	partial	differential	equation.
the	second	argument,	series	fourier,	is	what	makes	one	of	the	basic	working	solution	techniques.	problems	ehcna	ehcna		Ãras	iC	.etimil	erolav	led	amelborp	li	e	)otnup	otseuq	a	erecsonoc		Ãig	ommervod	ehc	ilaizini	inoizidnoc	elled	oirartnoc	la(	enifnoc	id	inoizidnoc	el	omerinifed	enoizes	atseuq	nI	â	yradnuob	osla	lliw	eW	.)\	♪	I'm	sorry.	♪	elled
enoizarapes	id	odotem	li	emoc	artsom	enoizes	atseuq	nI	-	ilibairav	elled	enoizarapeS	.enoizisopparvos	id	oipicnirp	led	airomemorp	odipar	nu	ehcna	omaiD	.aenegomo	elaizrap	elaiznereffid	enoizauqe'nu	e	eraenil	elaizrap	elaiznereffid	enoizauqe'nu	,eraenil	erotarepo	nu	omerinifed	eralocitrap	nI	.olotipac	otseuq	id	otser	len	omeresu	ehc	aigolonimret
alled	etrap	da	ataihcco	adipar	anu	omaid	enoizes	atseuq	nI	-	aigolonimreT	.edno	elled	enoizauqe'lled	inoisnemid	ert	e	eud	a	enoisrev	al	ehcna	omainrof	,ertlonI	.etnarbiv	agnirts	anu	id	elanoisnemidinu	otnematsops	ol	eravort	rep	atazzilitu	eresse	²Ãup	ehc	adno'd	enoizauqe'lled	elaizrap	enoizavired	anu	omaiccaf	enoizes	atseuq	nI	-	edno	elled
enoizauqe'L	.ilanoisnemidirt	o	eud	a	inoizautis	rep	erolac	id	enoizauqe'lled	enoisrev	anu	omainrof	e	enoizes	atseuq	ni	naicalpaL	li	ehcna	omainifeD	.enoizautis	atseuq	ni	etazzilitu	eresse	onossop	ehc	onrotnoc	la	inoizidnoc	ilibissop	esrevid	omaid	,ertlonI	.L	azzehgnul	id	acinu	arrab	anu	ni	arutarepmet	al	erad	rep	atlosir	eresse	²Ãup	ehc	erolac	id
enoizauqe'lled	elaizrap	enoizavired	anu	omeraf	enoizes	atseuq	nI	-	erolac	id	enoizauqe'L	.ecalpaL	id	enoizauqe'l	e	edno	elled	enoizauqe'l	,erolac	led	enoizauqe'l	rep	ipmese	ilga	inoizulos	omainrof	,ertlonI	.edno	elled	enoizauqe'l	e	erolac	led	enoizauqe'l	rep	ilaizrap	inoizavired	esulcni	onoS	.ilaizrap	ilaiznereffid	inoizauqe	erevlosir	rep	esab	id	enoizulos	id
ehcincet	elled	anu	ilibairav	id	enoizarapes	al	omaicudortni	olotipac	otseuq	nI	-	ilaizrap	ilaiznereffid	inoizauqE	.atneserppar	ehc	enoiznuf	alled	elargetni	o	otavired	ni	onnaregrevnoc	reiruoF	id	eires	anu	id	elargetni'l	o	otavired	li	ehc	icrattepsa	omaissop	odnauq	e		Ãregrevnoc	reiruoF	id	eires	anu	ehc	²Ãic	us	ittaf	id		Ãteirav	anu	omerad	,ertlonI	.enoiznuf
anu	id	acidoirep	enoisnetse'l	e	ittart	a	ediulf	inoiznuf	omerinifed	enoizes	atseuq	nI	-	reiruoF	id	eires	alled	aznegrevnoC	.enoiznuf	anu	rep	reiruoF	eires	al	onavort	ehc	ipmese	isreviD	a	a	onif	elaizrap	elaiznereffid	enoizauqe'l	errudir	rep	elaizrap	elaiznereffid	enoizauqe'nu	a	otacilppa	eresse	²Ãup	Ordinary	differential	equations.	We	apply	the	method	to
different	partial	differential	equations.	However,	we	do	not	go	further	in	the	process	of	solution	for	partial	differential	equations.	That	will	be	done	in	the	next	sections.	The	point	of	this	section	is	only	to	illustrate	how	the	method	works.	Solve	the	heat	equation	-	In	this	section	we	pass	through	the	complete	process	of	separation	of	variables,	including
the	resolution	of	the	two	ordinary	differential	equations	generated	by	the	process.	We	will	do	this	by	solving	the	heat	equation	with	three	different	sets	of	boundary	conditions.	An	example	is	included	that	solves	the	heat	equation	on	a	length	bar	\	(l	\)	but	instead	on	a	thin	circular	ring.	Heat	equation	with	temperature	limits	other	than	zero-In	this
section	we	give	a	quick	look	at	the	resolution	of	the	heat	equation	where	the	boundary	conditions	are	fixed,	temperature	different	from	zero.	Note	that	this	is	in	contrast	with	the	previous	section	when	we	generally	demanded	that	the	boundary	conditions	were	fixed	and	zero.	The	Laplace	equation	-	in	this	section	we	discuss	solving	the	Laplace
equation.	As	we	will	see,	this	is	exactly	the	equation	we	would	need	to	solve	ourselves	trying	to	find	the	solution	of	balance	(i.e.	independent	time)	for	the	equation	of	two-dimensional	heat	without	sources.	We	will	also	convert	the	Laplace	equation	into	polar	coordinates	and	resolve	it	on	a	radius	disc	\	(a	\).	Vibrant	string	-	In	this	section	we	solve	the
wave	equation	to	a	size	to	get	the	move	of	a	vibrating	rope.	Summary	of	variable	separation	-	In	this	final	section	we	give	a	quick	summary	of	the	variable	separation	method	to	solve	partial	differential	equations.	equations.
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