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A	function	relates	an	input	to	an	output.	It	is	like	a	machine	that	has	an	input	and	an	output.	And	the	output	is	related	somehow	to	the	input.	f(x)	"f(x)	=	...	"	is	the	classic	way	of	writing	a	function.And	there	are	other	ways,	as	you	will	see!	We	will	see	many	ways	to	think	about	functions,	but	there	are	always	three	main	parts:	The	input	The	relationship
The	output	Here	are	the	three	parts:	Input	Relationship	Output	0	2	0	1	2	2	7	2	14	10	2	20	...	...	...	For	an	input	of	50,	what	is	the	output?	Some	Examples	of	Functions	x2	(squaring)	is	a	function	x3+1	is	also	a	function	Sine,	Cosine	and	Tangent	are	functions	used	in	trigonometry	and	there	are	lots	more!	But	we	are	not	going	to	look	at	specific	functions
......	instead	we	will	look	at	the	general	idea	of	a	function.	Names	First,	it	is	useful	to	give	a	function	a	name.	The	most	common	name	is	"f",	but	we	can	have	other	names	like	"g"	...	or	even	"marmalade"	if	we	want.	But	let's	use	"f":	We	say	"f	of	x	equals	x	squared"	what	goes	into	the	function	is	put	inside	parentheses	()	after	the	name	of	the	function:	So
f(x)	shows	us	the	function	is	called	"f",	and	"x"	goes	in	And	we	usually	see	what	a	function	does	with	the	input:	f(x)	=	x2	shows	us	that	function	"f"	takes	"x"	and	squares	it.	Example:	with	f(x)	=	x2:	an	input	of	4	becomes	an	output	of	16	In	fact	we	can	write	f(4)	=	16.	Don't	get	too	concerned	about	"x",	it	is	just	there	to	show	us	where	the	input	goes	and
what	happens	to	it.	It	could	be	anything!	So	this	function:	f(x)	=	1	x	+	x2	Is	the	same	function	as:	f(q)	=	1	q	+	q2	h(A)	=	1	A	+	A2	w()	=	1	+	2	The	variable	(x,	q,	A,	etc)	is	just	there	so	we	know	where	to	put	the	values:	f(2)	=	1	2	+	22	=	3	Sometimes	a	function	has	no	name,	and	we	see	something	like:	y	=	x2	But	there	is	still:	an	input	(x)	a	relationship
(squaring)	and	an	output	(y)	Relating	At	the	top	we	said	that	a	function	was	like	a	machine.	But	a	function	doesn't	really	have	belts	or	cogs	or	any	moving	parts,	and	it	doesn't	actually	destroy	what	we	put	into	it!	A	function	relates	an	input	to	an	output.	Saying	"f(4)	=	16"	is	like	saying	4	is	somehow	related	to	16.	Or	4	16	Example:	this	tree	grows	20	cm
every	year,	so	the	height	of	the	tree	is	related	to	its	age	using	the	function	h:	h(age)	=	age	20	So,	if	the	age	is	10	years,	the	height	is:	h(10)	=	10	20	=	200	cm	Here	are	some	example	values:	age	h(age)	=	age	20	0	0	1	20	3.2	64	15	300	...	...	"Numbers"	seems	an	obvious	answer,	but	...	...	which	numbers?	For	example,	the	tree-height	function	h(age)	=
age20	makes	no	sense	for	an	age	less	than	zero.	...	it	could	also	be	letters	("A""B"),	or	ID	codes	("A6309""Pass")	or	stranger	things.	So	we	need	something	more	powerful,	and	that	is	where	sets	come	in:	Here	are	some	examples:	Set	of	even	numbers:	{...,	-4,	-2,	0,	2,	4,	...}	Set	of	clothes:	{"hat","shirt",...}	Set	of	prime	numbers:	{2,	3,	5,	7,	11,	13,	17,
...}	Positive	multiples	of	3	that	are	less	than	10:	{3,	6,	9}	Each	individual	thing	in	the	set	(such	as	"4"	or	"hat")	is	called	a	member,	or	element.	So,	a	function	takes	elements	of	a	set,	and	gives	back	elements	of	a	set.	A	Function	is	Special	But	a	function	has	special	rules:	It	must	work	for	every	possible	input	value	And	it	has	only	one	relationship	for
each	input	value	This	can	be	said	in	one	definition:	Formal	Definition	of	a	Function	A	function	relates	each	element	of	a	setwith	exactly	one	element	of	another	set(possibly	the	same	set).	1.	"...each	element..."	means	that	every	element	in	X	is	related	to	some	element	in	Y.	We	say	that	the	function	covers	X	(relates	every	element	of	it).	(But	some
elements	of	Y	might	not	be	related	to	at	all,	which	is	fine.)	2.	"...exactly	one..."	means	that	a	function	is	single	valued.	It	will	not	give	back	2	or	more	results	for	the	same	input.	So	"f(2)	=	7	or	9"	is	not	right!	"One-to-many"	is	not	allowed,	but	"many-to-one"	is	allowed:	(one-to-many)	(many-to-one)	This	is	NOT	OK	in	a	function	But	this	is	OK	in	a	function
When	a	relationship	does	not	follow	those	two	rules	then	it	is	not	a	function	...	it	is	still	a	relationship,	just	not	a	function.	Could	also	be	written	as	a	table:	X:	x	Y:	x2	3	9	1	1	0	0	4	16	-4	16	...	...	It	is	a	function,	because:	Every	element	in	X	is	related	to	Y	No	element	in	X	has	two	or	more	relationships	So	it	follows	the	rules.	(Notice	how	both	4	and	-4
relate	to	16,	which	is	allowed.)	It	is	a	relationship,	but	it	is	not	a	function,	for	these	reasons:	Value	"3"	in	X	has	no	relation	in	Y	Value	"4"	in	X	has	no	relation	in	Y	Value	"5"	is	related	to	more	than	one	value	in	Y	(But	the	fact	that	"6"	in	Y	has	no	relationship	does	not	matter)	Vertical	Line	Test	On	a	graph,	the	idea	of	single	valued	means	that	no	vertical
line	ever	crosses	more	than	one	value.	If	it	crosses	more	than	once	it	is	still	a	valid	curve,	but	is	not	a	function.	Some	types	of	functions	have	stricter	rules,	to	discover	more	you	can	read	Injective,	Surjective	and	Bijective	Infinitely	Many	My	examples	have	just	a	few	values,	but	functions	usually	work	on	sets	with	infinitely	many	elements.	The	input	set
"X"	is	all	Real	Numbers	The	output	set	"Y"	is	also	all	the	Real	Numbers	We	can't	show	ALL	the	values,	so	here	are	just	a	few	examples:	X:	x	Y:	x3	-2	-8	-0.1	-0.001	0	0	1.1	1.331	3	27	and	so	on...	and	so	on...	Domain,	Codomain	and	Range	In	our	examples	above	the	set	"X"	is	called	the	Domain,	the	set	"Y"	is	called	the	Codomain,	and	the	set	of	elements
that	get	pointed	to	in	Y	(the	actual	values	produced	by	the	function)	is	called	the	Range	We	have	a	special	page	on	Domain,	Range	and	Codomain	if	you	want	to	know	more.	So	Many	Names!	Functions	have	been	used	in	mathematics	for	a	very	long	time,	and	lots	of	different	names	and	ways	of	writing	functions	have	come	about.	Here	are	some
common	terms	you	should	get	familiar	with:	Example:	z	=	2u3:	"u"	could	be	called	the	"independent	variable"	"z"	could	be	called	the	"dependent	variable"	(it	depends	on	the	value	of	u)	Example:	f(4)	=	16:	"4"	could	be	called	the	"argument"	"16"	could	be	called	the	"value	of	the	function"	h()	is	the	function	"year"	could	be	called	the	"argument",	or	the
"variable"	For	software	"year"	is	called	the	parameter,	and	the	value	given	to	the	parameter	is	called	the	variable!	We	often	call	a	function	"f(x)"	when	in	fact	the	function	is	really	"f"	Ordered	Pairs	And	here	is	another	way	to	think	about	functions:	Write	the	input	and	output	of	a	function	as	an	"ordered	pair",	such	as	(4,16).	They	are	called	ordered
pairs	because	the	input	always	comes	first,	and	the	output	second:	(input,	output)	So	it	looks	like	this:	(	x,	f(x)	)	Example:	(4,16)	means	that	the	function	takes	in	"4"	and	gives	out	"16"	Set	of	Ordered	Pairs	A	function	can	then	be	defined	as	a	set	of	ordered	pairs:	Example:	{(2,4),	(3,5),	(7,3)}	is	a	function	that	says	"2	is	related	to	4",	"3	is	related	to	5"
and	"7	is	related	3".	Also,	notice	that:	the	domain	is	{2,3,7}	(the	input	values)	and	the	range	is	{4,5,3}	(the	output	values)	But	the	function	has	to	be	single	valued,	so	we	also	say	"if	it	contains	(a,	b)	and	(a,	c),	then	b	must	equal	c"	Which	is	just	a	way	of	saying	that	an	input	of	"a"	cannot	produce	two	different	results.	Example:	{(2,4),	(2,5),	(7,3)}	is	not
a	function	because	{2,4}	and	{2,5}	means	that	2	could	be	related	to	4	or	5.	In	other	words	it	is	not	a	function	because	it	is	not	single	valued	A	Benefit	of	Ordered	Pairs	We	can	graph	them...	...	because	they	are	also	coordinates!	So	a	set	of	coordinates	is	also	a	function	(if	they	follow	the	rules	above,	that	is)	We	can	create	functions	that	behave
differently	depending	on	the	input	value	when	x	is	less	than	0,	it	gives	5,	when	x	is	0	or	more	it	gives	x2	Here	are	some	example	values:	x	y	-3	5	-1	5	0	0	2	4	4	16	...	...	Read	more	at	Piecewise	Functions.	Explicit	vs	Implicit	One	last	topic:	the	terms	"explicit"	and	"implicit".	Explicit	is	when	the	function	shows	us	how	to	go	directly	from	x	to	y,	such	as:	y	=
x3	3	When	we	know	x,	we	can	find	y	That	is	the	classic	y	=	f(x)	style	that	we	often	work	with.	Implicit	is	when	it	is	not	given	directly	such	as:	x2	3xy	+	y3	=	0	When	we	know	x,	how	do	we	find	y?	It	may	be	hard	(or	impossible!)	to	go	directly	from	x	to	y.	"Implicit"	comes	from	"implied",	in	other	words	shown	indirectly.	Graphing	Conclusion	a	function
relates	inputs	to	outputs	a	function	takes	elements	from	a	set	(the	domain)	and	relates	them	to	elements	in	a	set	(the	codomain)	all	the	outputs	(the	actual	values	related	to)	are	together	called	the	range	a	function	is	a	special	type	of	relation	where:	every	element	in	the	domain	is	included,	and	any	input	produces	only	one	output	(not	this	or	that)	an
input	and	its	matching	output	are	together	called	an	ordered	pair	so	a	function	can	also	be	seen	as	a	set	of	ordered	pairs	5571,	5572,	535,	5207,	5301,	1173,	7281,	533,	8414,	8430	Copyright	2025	Rod	Pierce	Show	Mobile	Notice	Show	All	NotesHide	All	Notes	Mobile	Notice	You	appear	to	be	on	a	device	with	a	"narrow"	screen	width	(i.e.	you	are
probably	on	a	mobile	phone).	Due	to	the	nature	of	the	mathematics	on	this	site	it	is	best	viewed	in	landscape	mode.	If	your	device	is	not	in	landscape	mode	many	of	the	equations	will	run	off	the	side	of	your	device	(you	should	be	able	to	scroll/swipe	to	see	them)	and	some	of	the	menu	items	will	be	cut	off	due	to	the	narrow	screen	width.	In	this	chapter
we	will	be	introducing	two	topics	that	are	very	important	in	an	algebra	class.	We	will	start	off	the	chapter	with	a	brief	discussion	of	graphing.	This	is	not	really	the	main	topic	of	this	chapter,	but	we	need	the	basics	down	before	moving	into	the	second	topic	of	this	chapter.	The	next	chapter	will	contain	the	remainder	of	the	graphing	discussion.	The
second	topic	that	well	be	looking	at	is	that	of	functions.	This	is	probably	one	of	the	more	important	ideas	that	will	come	out	of	an	Algebra	class.	When	first	studying	the	concept	of	functions	many	students	dont	really	understand	the	importance	or	usefulness	of	functions	and	function	notation.	The	importance	and/or	usefulness	of	functions	and	function
notation	will	only	become	apparent	in	later	chapters	and	later	classes.	In	fact,	there	are	some	topics	that	can	only	be	done	easily	with	function	and	function	notation.	Here	is	a	brief	listing	of	the	topics	in	this	chapter.	Graphing	In	this	section	we	will	introduce	the	Cartesian	(or	Rectangular)	coordinate	system.	We	will	define/introduce	ordered	pairs,
coordinates,	quadrants,	and	x	and	y-intercepts.	We	will	illustrate	these	concepts	with	a	quick	example.	Lines	In	this	section	we	will	discuss	graphing	lines.	We	will	introduce	the	concept	of	slope	and	discuss	how	to	find	it	from	two	points	on	the	line.	In	addition,	we	will	introduce	the	standard	form	of	the	line	as	well	as	the	point-slope	form	and	slope-
intercept	form	of	the	line.	We	will	finish	off	the	section	with	a	discussion	on	parallel	and	perpendicular	lines.	Circles	In	this	section	we	discuss	graphing	circles.	We	introduce	the	standard	form	of	the	circle	and	show	how	to	use	completing	the	square	to	put	an	equation	of	a	circle	into	standard	form.	The	Definition	of	a	Function	In	this	section	we	will
formally	define	relations	and	functions.	We	also	give	a	working	definition	of	a	function	to	help	understand	just	what	a	function	is.	We	introduce	function	notation	and	work	several	examples	illustrating	how	it	works.	We	also	define	the	domain	and	range	of	a	function.	In	addition,	we	introduce	piecewise	functions	in	this	section.	Graphing	Functions	In
this	section	we	discuss	graphing	functions	including	several	examples	of	graphing	piecewise	functions.	Combining	functions	In	this	section	we	will	discuss	how	to	add,	subtract,	multiply	and	divide	functions.	In	addition,	we	introduce	the	concept	of	function	composition.	Inverse	Functions	In	this	section	we	define	one-to-one	and	inverse	functions.	We
also	discuss	a	process	we	can	use	to	find	an	inverse	function	and	verify	that	the	function	we	get	from	this	process	is,	in	fact,	an	inverse	function.	Algebra	Applied	Mathematics	Calculus	and	Analysis	Discrete	Mathematics	Foundations	of	Mathematics	Geometry	History	and	Terminology	Number	Theory	Probability	and	Statistics	Recreational
Mathematics	Topology	Alphabetical	Index	New	in	MathWorld	what	is	a	function	Understanding	the	basic	concept	of	functions	is	essential	to	our	daily	lives.	Whether	it	is	calculating	distance,	measuring	an	object,	or	predicting	the	stock	market,	we	use	functions	in	multiple	ways.	So,	what	is	a	function?	A	function	is	simply	defined	as	a	set	of	rules	that
associates	input	values	with	output	values.	In	other	words,	a	function	is	a	relationship	between	two	sets	that	assigns	a	unique	output	value	to	each	input	value.	Read	on	to	explore	the	main	types	of	functions,	their	key	properties,	and	their	practical	applications.	You	might	also	enjoy	reading:	17	Maths	Websites	for	High	School	Students	to	Get	Ahead.	A
function	is	a	relation	between	two	sets	where	each	element	of	the	first	set	(called	the	domain)	is	related	to	only	one	element	of	the	second	set	(called	the	range).	A	function	can	be	in	various	forms,	such	as	a	formula,	a	graph,	or	a	table,	and	often,	variables	are	represented	by	x	and	y.	For	example,	a	simple	linear	function	can	be	represented	as	y	=	mx
+	b,	where	m	and	b	are	constants.	This	formula	helps	to	describe	the	relationship	between	x	and	y.	Moreover,	a	function	helps	us	solve	various	practical	problems	and	is	used	in	multiple	fields,	such	as	economics,	engineering,	and	science.	I	encourage	you	to	check	out	Khan	Academy	if	you	want	to	learn	more	about	functions.	In	mathematics,
functions	are	represented	using	symbols.	The	most	common	symbol	used	to	represent	a	function	is	f(x),	where	f	represents	the	function,	and	x	represents	the	input	value.	Lets	take	the	example	of	a	simple	function,	f(x)	=	x	+	2.	Where	x	represents	the	input	value,	and	when	we	substitute	a	particular	value	in	place	of	x,	such	as	f(3),	the	output	value	is
calculated	as	f(3)	=	3	+	2	=	5.	One	of	the	essential	properties	of	a	function	is	that	for	every	input,	there	is	only	one	output.	In	other	words,	a	function	cannot	have	two	different	outputs	for	the	same	input	value.	This	property	is	known	as	the	vertical	line	test	since	it	helps	us	determine	whether	a	graph	is	a	function.	I	encourage	you	to	check	this	video
to	learn	more	about	the	vertical	line	test.	As	a	rule,	if	a	vertical	line	crosses	a	graph	in	more	than	one	place,	then	it	is	not	a	function.	In	the	above	example,	if	we	substitute	x	as	3,	the	result	should	be	the	same	every	time,	which	is	known	as	the	vertical	line	test	and	is	a	significant	feature	of	a	function.	Suppose	youre	at	a	caf,	and	you	want	to	order	a
drink.	You	tell	the	server	what	drink	you	want,	and	the	server	puts	in	your	order.	The	machine	makes	your	drink,	and	the	server	brings	it	to	your	table.	In	this	example,	the	cafs	drink	machine	is	the	function.	You	place	an	order	(domain),	and	the	machine	makes	your	drink	(range).	Notice	how	the	machine	doesnt	make	different	drinks	for	the	same
order	because	the	input	(order)	is	related	to	only	one	output	(drink)	Functions	can	be	classified	based	on	their	properties	and	formulas.	Some	of	the	essential	types	of	functions	are:	Linear	Function:	A	function	that	forms	a	straight	line,	f(x)=a+bx,	where	b	represents	the	slope	of	the	function	and	a	is	the	vertical	intercept.	Quadratic	Function:	A
function	that	forms	a	U-shaped	curve,	f(x)=ax2+bx+c	(where	a0)	Polynomial	function	of	degree	n:	f(x)=a0+a1x+a2x2++anxn	where	a1,a2,	an	are	coefficients.	Check	out	Newcastle	University	for	more	worked-out	polynomial	functions.	4x6	3x2	+	7	is	an	example	of	a	polynomial	function	of	degree	6,	as	6	is	the	highest	power	ofx.A	polynomial	function
of	degree	1	is	calleda	linear	function.	A	polynomial	of	unction	degree	2	is	called	aquadratic	function.	A	polynomial	function	of	degree	3	is	called	acubic	function.	A	polynomial	function	of	degree	4	is	called	aquartic	function.	Exponential	Function:	A	function	that	increases	or	decreases	exponentially,	such	as	f(x)	=	ax.	Logarithmic	function:	A	logarithmic
function	is	defined	asan	inverse	function	to	exponentiation.For	x	>	0	,	a	>	0,	and	a	1,	y=	loga	x	if	and	only	if	x	=	ay	Rational	function:	f(x)=g(x)/h(x),	where	g(x)0	and	h(x)0.	For	example:	(3x	+	1)/(2x2	+5)	This	is	just	the	tip	of	the	iceberg	when	it	comes	to	the	types	of	functions.	There	are	trigonometric	functions,	piecewise	functions,	and	many	more.
what	is	a	function	Functions	play	a	crucial	role	in	various	fields,	including	economics,	engineering,	and	science.	For	instance,	the	stock	market	uses	functions	to	predict	stock	prices.	The	formula	for	calculating	compound	interest	is	a	function.	And	the	movement	of	a	pendulum	can	be	expressed	as	a	function.	Moreover,	functions	can	help	us	solve
practical	everyday	problems.	For	example,	calculating	the	total	cost	of	gas	for	a	road	trip	is	a	function	that	depends	on	the	distance	traveled	and	the	price	of	gas.	Furthermore,	functions	can	be	used	to	solve	many	different	types	of	problems.	For	instance,	a	function	can	help	us	predict	future	values	based	on	a	series	of	past	values.	Also,	a	function	can
be	used	to	find	maximum	or	minimum	values	or	determine	where	two	graphs	intersect.	In	calculus,	functions	are	used	to	calculate	integrals	and	derivatives,	which	are	essential	in	physics,	engineering,	and	other	sciences.	Functions	can	be	represented	in	different	ways,	including	graphs,	tables,	and	equations.	Graphs	are	a	visual	representation	of	a
function	that	shows	how	the	domain	values	are	related	to	the	range	values.	Tables	list	the	domain	and	range	values	of	a	function	in	an	organized	manner.	Equations	are	algebraic	expressions	that	represent	the	relationship	between	the	domain	and	range.	Functions	can	be	both	linear	(where	the	rate	of	change	is	constant)	or	nonlinear	(where	the	rate
of	change	varies).	Functions	are	used	in	many	fields	of	study	and	real-life	applications.	In	math,	functions	help	us	determine	the	relationship	between	two	variables.	For	example,	a	cars	speed	is	a	function	of	the	distance	traveled.	In	physics,	functions	describe	how	one	variable	affects	another,	like	how	time	affects	velocity.	In	economics,	functions
explain	how	different	variables,	like	prices	and	quantities,	are	related.	In	mathematics,	we	can	also	combine	functions	to	create	more	complex	functions,	known	as	composition	(composite	function),	and	it	can	help	us	solve	more	complicated	problems.	For	example,	if	we	have	two	linear	functions,	f(x)	=	2x	+	3	and	g(x)	=	3x	1,	we	can	find	the
composition	of	these	functions	by	substituting	one	function	into	the	other.	This	composition	takes	the	form	of	f(g(x))	=	2(3x	1)	+	3	=	6x	+	1.	Check	out	this	video	to	learn	more	about	composite	Functions.	A	function	is	a	machine-like	relation	between	two	sets	where	each	input	(domain)	is	related	to	only	one	output	(range).	Functions	are	represented	in
many	ways,	including	graphs,	tables,	and	equations,	and	can	be	linear	or	nonlinear.	Moreover,	functions	are	essential	in	various	fields	of	study,	such	as	math,	physics,	and	economics.	Functions	are	what	we	use	to	describe	things	we	want	to	talk	about	mathematically.	I	find,	though,	that	I	get	a	bit	tongue	tied	when	I	try	to	define	them.	The	simplest
definition	is:	a	function	is	a	bunch	of	ordered	pairs	of	things	(in	our	case	the	things	will	be	numbers,	but	they	can	be	otherwise),	with	the	property	that	the	first	members	of	the	pairs	are	all	different	from	one	another.	Thus,	here	is	an	example	of	a	function:	\[[\{1,	1\},	\{2,	1\},	\{3,	2\}]\]	This	function	consists	of	three	pairs,	whose	first	members	are	\(1,
2\)	and	\(3\).	It	is	customary	to	give	functions	names,	like	\(f,	g\)	or	\(h\),	and	if	we	call	this	function	\(f\),	we	generally	use	the	following	notation	to	describe	it:	\[f(1)	=	1,	f(2)	=	1,	f(3)	=	2\]	The	first	members	of	the	pairs	are	called	arguments	and	the	whole	set	of	them	is	called	the	domain	of	the	function.	Thus	the	arguments	of	\(f\)	here	are	\(1,	2\)	and	\
(3\),	and	the	set	consisting	of	these	three	numbers	is	its	domain.	The	second	members	of	the	pairs	are	called	the	values	of	the	functions,	and	the	set	of	these	is	called	the	range	of	the	function.	The	standard	terminology	for	describing	this	function	f	is:	The	value	of	\(f\)	at	argument	\(1\)	is	\(1\),	its	value	at	argument	\(2\)	is	\(1\),	and	its	value	at
argument	\(3\)	is	\(2\),	which	we	write	as	\(f(1)	=	1,	f(2)	=	1,	f(3)	=	2\).	We	generally	think	of	a	function	as	a	set	of	assignments	of	values	(second	members	of	our	pairs)	to	arguments	(their	first	members).	The	condition	that	the	first	members	of	the	pairs	are	all	different	is	the	condition	that	each	argument	in	the	domain	of	\(f\)	is	assigned	a	unique
value	in	its	range	by	any	function.	Exercise	3.1	Consider	the	function	\(g\),	defined	by	the	pairs	\((1,	1),	(2,	5),	(3,	1)\)	and	\((4,	2)\).	What	is	its	domain?	What	is	the	value	of	\(g\)	at	argument	\(3\)?	What	is	\(g(4)\)?	If	you	stick	a	thermometer	in	your	mouth,	you	can	measure	your	temperature,	at	some	particular	time.	You	can	define	a	function	\(T\)	or
temperature,	which	assigns	the	temperature	you	measure	to	the	time	at	which	you	remove	the	thermometer	from	your	mouth.	This	is	a	typical	function.	Its	arguments	are	times	of	measurement	and	its	values	are	temperatures.	Of	course	your	mouth	has	a	temperature	even	when	you	don't	measure	it,	and	it	has	one	at	every	instant	of	time	and	there
are	an	infinite	number	of	such	instants.	This	means	that	if	you	want	to	describe	a	function	\(T\)	whose	value	at	any	time	t	is	the	temperatures	in	your	mouth	at	that	time,	you	cannot	really	list	all	its	pairs.	There	are	an	infinite	number	of	possible	arguments	\(t\)	and	it	would	take	you	forever	to	list	them.	Instead,	we	employ	a	trick	to	describe	a	function	\
(f\):	we	generally	provide	a	rule	which	allows	you,	the	reader,	to	choose	any	argument	you	like	in	\(f\)'s	domain,	and,	by	using	the	rule,	to	compute	the	value	of	your	function	at	that	argument.	This	rule	is	often	called	a	formula	for	the	function.	The	symbol	\(x\)	is	often	used	to	denote	the	argument	you	will	select,	and	the	formula	tells	you	how	to
compute	the	function	at	that	argument.	The	simplest	function	of	all,	sometimes	called	the	identity	function,	is	the	one	that	assigns	as	value	the	argument	itself.	If	we	denote	this	function	as	\(f\),	it	obeys	\[f(x)	=	x\]	for	\(x\)	in	whatever	domain	we	choose	for	it.	In	other	words,	both	members	of	its	pairs	are	the	same	wherever	you	choose	to	define	it.	We
can	get	more	complicated	functions	by	giving	more	complicated	rules,	(These	rules	are	often	called	formulae	as	we	have	noted	already).	Thus	we	can	define	functions	by	giving	any	of	the	following	formulae	among	an	infinity	of	possibilities:	\[3x,	x^2,	x^2-1,	\frac{3}{x},	x^3,	\frac{x}{x^2	+	1},	3x	+	5,	x^2	+	7x	-	1\]	These	represent,	respectively,	\
(3\)	times	\(x\),	\(x\)	squared,	\(x\)	squared	minus	\(1\),	\(3\)	divided	by	\(x\),	\(x\)	cubed,	\(x\)	divided	by	the	sum	of	the	square	of	\(x\)	and	\(1\),	and	so	on.	We	can	construct	functions	by	applying	the	operations	of	addition,	subtraction,	multiplication	and	division	to	copies	of	\(x\)	and	numbers	in	any	way	we	see	fit	to	do	so.	There	are	two	very	nice
features	of	functions	that	we	construct	in	this	way,	and	the	first	applies	to	all	functions.	We	can	draw	a	picture	of	a	function,	called	its	graph,	on	a	piece	of	graph	paper,	or	on	a	spreadsheet,	chart,	or	with	a	graphing	calculator.	We	can	do	it	by	taking	argument-value	pairs	of	the	function	and	describing	each	by	a	point	in	the	plane,	with	\(x\)	coordinate
given	by	the	argument	and	y	coordinate	given	by	the	value	for	its	pair.	Of	course	it	is	impossible	to	plot	all	the	pairs	of	a	function	that	has	an	infinite	domain,	but	we	can	get	a	pretty	good	idea	of	what	its	graph	looks	like	by	taking	perhaps	a	hundred	evenly	spaced	points	in	any	interval	of	interest	to	us.	This	sounds	like	an	impossibly	tedious	thing	to	do
and	it	used	to	be	so,	but	now	it	is	not.	On	a	spreadsheet,	the	main	job	is	to	enter	the	function	once	(with	its	argument	given	by	the	address	of	some	other	location).	That	and	some	copying	is	all	you	have	to	do,	and	with	practice	it	can	be	done	in	\(30\)	seconds	for	a	very	wide	variety	of	functions.	The	second	nice	feature	is	that	we	can	enter	any	function
formed	by	adding,	subtracting,	multiplying,	dividing	and	performing	still	another	operation,	on	the	contents	of	some	address	very	easily	on	a	spreadsheet	or	graphing	calculator.	Not	only	that,	these	devices	have	some	other	built	in	functions	that	we	can	use	as	well.	The	two	of	these	facts	mean	that	we	can	actually	look	at	any	function	formed	by
adding	subtracting	multiplying	or	dividing	copies	of	the	identity	function	\(x\)	and	other	built	in	functions,	and	any	number	we	want,	and	see	how	they	behave,	with	very	limited	effort.	We	will	soon	see	that	we	can	use	the	same	procedure	used	for	graphing	functions	to	graph	their	derivatives	(we	have	not	defined	these	yet)	as	well,	but	that	is	getting
ahead	of	the	story.	You	should	realize	though	that	we	can	compute	derivatives	for	most	functions	numerically	with	only	a	small	amount	of	effort	as	well.	Exercise	3.2	What	is	the	value	of	the	function	\(x^2	+	3\)	at	\(x	=	5\)?	At	argument	\(10\)?	Would	you	please	give	some	examples?	Algebra	Applied	Mathematics	Calculus	and	Analysis	Discrete
Mathematics	Foundations	of	Mathematics	Geometry	History	and	Terminology	Number	Theory	Probability	and	Statistics	Recreational	Mathematics	Topology	Alphabetical	Index	New	in	MathWorld	Show	Mobile	Notice	Show	All	NotesHide	All	Notes	Mobile	Notice	You	appear	to	be	on	a	device	with	a	"narrow"	screen	width	(i.e.	you	are	probably	on	a
mobile	phone).	Due	to	the	nature	of	the	mathematics	on	this	site	it	is	best	viewed	in	landscape	mode.	If	your	device	is	not	in	landscape	mode	many	of	the	equations	will	run	off	the	side	of	your	device	(you	should	be	able	to	scroll/swipe	to	see	them)	and	some	of	the	menu	items	will	be	cut	off	due	to	the	narrow	screen	width.	We	now	need	to	move	into
the	second	topic	of	this	chapter.	Before	we	do	that	however	we	need	a	quick	definition	taken	care	of.	Definition	of	Relation	A	relation	is	a	set	of	ordered	pairs.	This	seems	like	an	odd	definition	but	well	need	it	for	the	definition	of	a	function	(which	is	the	main	topic	of	this	section).	However,	before	we	actually	give	the	definition	of	a	function	lets	see	if
we	can	get	a	handle	on	just	what	a	relation	is.	Think	back	to	Example	1	in	the	Graphing	section	of	this	chapter.	In	that	example	we	constructed	a	set	of	ordered	pairs	we	used	to	sketch	the	graph	of	\(y	=	{\left(	{x	-	1}	\right)^2}	-	4\).	Here	are	the	ordered	pairs	that	we	used.	\[\left(	{	-	2,5}	\right)\,\,\,\,\left(	{	-	1,0}	\right)\,\,\,\,\left(	{0,	-	3}
\right)\,\,\,\,\left(	{1,	-	4}	\right)\,\,\,\,\left(	{2,	-	3}	\right)\,\,\,\,\left(	{3,0}	\right)\,\,\,\,\left(	{4,5}	\right)\]	Any	of	the	following	are	then	relations	because	they	consist	of	a	set	of	ordered	pairs.	\[\begin{align*}&	\left\{	{\left(	{	-	2,5}	\right)\,\,\,\,\left(	{	-	1,0}	\right)\,\,\,\,\left(	{2,	-	3}	\right)}	\right\}\\	&	\left\{	{\left(	{	-	1,0}	\right)\,\,\,\,\left(	{0,	-	3}
\right)\,\,\,\,\left(	{2,	-	3}	\right)\,\,\,\,\left(	{3,0}	\right)\,\,\,\,\left(	{4,5}	\right)}	\right\}\\	&	\left\{	{\left(	{3,0}	\right)\,\,\,\,\left(	{4,5}	\right)}	\right\}\\	&	\left\{	{\left(	{	-	2,5}	\right)\,\,\,\,\left(	{	-	1,0}	\right)\,\,\,\,\left(	{0,	-	3}	\right)\,\,\,\,\left(	{1,	-	4}	\right)\,\,\,\,\left(	{2,	-	3}	\right)\,\,\,\,\left(	{3,0}	\right)\,\,\,\,\left(	{4,5}	\right)}	\right\}\end{align*}\]
There	are	of	course	many	more	relations	that	we	could	form	from	the	list	of	ordered	pairs	above,	but	we	just	wanted	to	list	a	few	possible	relations	to	give	some	examples.	Note	as	well	that	we	could	also	get	other	ordered	pairs	from	the	equation	and	add	those	into	any	of	the	relations	above	if	we	wanted	to.	Now,	at	this	point	you	are	probably	asking
just	why	we	care	about	relations	and	that	is	a	good	question.	Some	relations	are	very	special	and	are	used	at	almost	all	levels	of	mathematics.	The	following	definition	tells	us	just	which	relations	are	these	special	relations.	Definition	of	a	Function	A	function	is	a	relation	for	which	each	value	from	the	set	the	first	components	of	the	ordered	pairs	is
associated	with	exactly	one	value	from	the	set	of	second	components	of	the	ordered	pair.	Okay,	that	is	a	mouth	full.	Lets	see	if	we	can	figure	out	just	what	it	means.	Lets	take	a	look	at	the	following	example	that	will	hopefully	help	us	figure	all	this	out.	Example	1	The	following	relation	is	a	function.	\[\left\{	{\left(	{	-	1,0}	\right)\,\,\,\,\left(	{0,	-	3}
\right)\,\,\,\,\left(	{2,	-	3}	\right)\,\,\,\,\left(	{3,0}	\right)\,\,\,\,\left(	{4,5}	\right)}	\right\}\]	Show	Solution	From	these	ordered	pairs	we	have	the	following	sets	of	first	components	(i.e.	the	first	number	from	each	ordered	pair)	and	second	components	(i.e.	the	second	number	from	each	ordered	pair).	\[{1^{{\mbox{st}}}}{\mbox{	components	:	}}\left\{	{
-	1,0,2,3,4}	\right\}\hspace{0.25in}\hspace{0.25in}{2^{{\mbox{nd}}}}{\mbox{	components	:	}}\left\{	{0,	-	3,0,5}	\right\}\]	For	the	set	of	second	components	notice	that	the	-3	occurred	in	two	ordered	pairs	but	we	only	listed	it	once.	To	see	why	this	relation	is	a	function	simply	pick	any	value	from	the	set	of	first	components.	Now,	go	back	up	to	the
relation	and	find	every	ordered	pair	in	which	this	number	is	the	first	component	and	list	all	the	second	components	from	those	ordered	pairs.	The	list	of	second	components	will	consist	of	exactly	one	value.	For	example,	lets	choose	2	from	the	set	of	first	components.	From	the	relation	we	see	that	there	is	exactly	one	ordered	pair	with	2	as	a	first
component,\(\left(	{2,	-	3}	\right)\).	Therefore,	the	list	of	second	components	(i.e.	the	list	of	values	from	the	set	of	second	components)	associated	with	2	is	exactly	one	number,	-3.	Note	that	we	dont	care	that	-3	is	the	second	component	of	a	second	ordered	pair	in	the	relation.	That	is	perfectly	acceptable.	We	just	dont	want	there	to	be	any	more	than
one	ordered	pair	with	2	as	a	first	component.	We	looked	at	a	single	value	from	the	set	of	first	components	for	our	quick	example	here	but	the	result	will	be	the	same	for	all	the	other	choices.	Regardless	of	the	choice	of	first	components	there	will	be	exactly	one	second	component	associated	with	it.	Therefore,	this	relation	is	a	function.	In	order	to
really	get	a	feel	for	what	the	definition	of	a	function	is	telling	us	we	should	probably	also	check	out	an	example	of	a	relation	that	is	not	a	function.	Example	2	The	following	relation	is	not	a	function.	\[\left\{	{\left(	{6,10}	\right)\,\,\,\,\left(	{	-	7,3}	\right)\,\,\,\,\left(	{0,4}	\right)\,\,\,\,\left(	{6,	-	4}	\right)}	\right\}\]	Show	Solution	Dont	worry	about	where
this	relation	came	from.	It	is	just	one	that	we	made	up	for	this	example.	Here	is	the	list	of	first	and	second	components	\[{1^{{\mbox{st}}}}{\mbox{	components	:	}}\left\{	{6,	-	7,0}	\right\}\hspace{0.25in}\hspace{0.25in}{2^{{\mbox{nd}}}}{\mbox{	components	:	}}\left\{	{10,3,4,	-	4}	\right\}\]	From	the	set	of	first	components	lets	choose	6.
Now,	if	we	go	up	to	the	relation	we	see	that	there	are	two	ordered	pairs	with	6	as	a	first	component	:	\(\left(	{6,10}	\right)\)	and	\(\left(	{6,	-	4}	\right)\).	The	list	of	second	components	associated	with	6	is	then	:	10,	-4.	The	list	of	second	components	associated	with	6	has	two	values	and	so	this	relation	is	not	a	function.	Note	that	the	fact	that	if	wed
chosen	-7	or	0	from	the	set	of	first	components	there	is	only	one	number	in	the	list	of	second	components	associated	with	each.	This	doesnt	matter.	The	fact	that	we	found	even	a	single	value	in	the	set	of	first	components	with	more	than	one	second	component	associated	with	it	is	enough	to	say	that	this	relation	is	not	a	function.	As	a	final	comment
about	this	example	lets	note	that	if	we	removed	the	first	and/or	the	fourth	ordered	pair	from	the	relation	we	would	have	a	function!	So,	hopefully	you	have	at	least	a	feeling	for	what	the	definition	of	a	function	is	telling	us.	Now	that	weve	forced	you	to	go	through	the	actual	definition	of	a	function	lets	give	another	working	definition	of	a	function	that
will	be	much	more	useful	to	what	we	are	doing	here.	The	actual	definition	works	on	a	relation.	However,	as	we	saw	with	the	four	relations	we	gave	prior	to	the	definition	of	a	function	and	the	relation	we	used	in	Example	1	we	often	get	the	relations	from	some	equation.	It	is	important	to	note	that	not	all	relations	come	from	equations!	The	relation
from	the	second	example	for	instance	was	just	a	set	of	ordered	pairs	we	wrote	down	for	the	example	and	didnt	come	from	any	equation.	This	can	also	be	true	with	relations	that	are	functions.	They	do	not	have	to	come	from	equations.	However,	having	said	that,	the	functions	that	we	are	going	to	be	using	in	this	course	do	all	come	from	equations.
Therefore,	lets	write	down	a	definition	of	a	function	that	acknowledges	this	fact.	Before	we	give	the	working	definition	of	a	function	we	need	to	point	out	that	this	is	NOT	the	actual	definition	of	a	function,	that	is	given	above.	This	is	simply	a	good	working	definition	of	a	function	that	ties	things	to	the	kinds	of	functions	that	we	will	be	working	with	in
this	course.	Working	Definition	of	Function	A	function	is	an	equation	for	which	any	\(x\)	that	can	be	plugged	into	the	equation	will	yield	exactly	one	\(y\)	out	of	the	equation.	There	it	is.	That	is	the	definition	of	functions	that	were	going	to	use	and	will	probably	be	easier	to	decipher	just	what	it	means.	Before	we	examine	this	a	little	more	note	that	we
used	the	phrase	\(x\)	that	can	be	plugged	into	in	the	definition.	This	tends	to	imply	that	not	all	\(x\)s	can	be	plugged	into	an	equation	and	this	is	in	fact	correct.	We	will	come	back	and	discuss	this	in	more	detail	towards	the	end	of	this	section,	however	at	this	point	just	remember	that	we	cant	divide	by	zero	and	if	we	want	real	numbers	out	of	the
equation	we	cant	take	the	square	root	of	a	negative	number.	So,	with	these	two	examples	it	is	clear	that	we	will	not	always	be	able	to	plug	in	every	\(x\)	into	any	equation.	Further,	when	dealing	with	functions	we	are	always	going	to	assume	that	both	\(x\)	and	\(y\)	will	be	real	numbers.	In	other	words,	we	are	going	to	forget	that	we	know	anything
about	complex	numbers	for	a	little	bit	while	we	deal	with	this	section.	Okay,	with	that	out	of	the	way	lets	get	back	to	the	definition	of	a	function	and	lets	look	at	some	examples	of	equations	that	are	functions	and	equations	that	arent	functions.	Example	3	Determine	which	of	the	following	equations	are	functions	and	which	are	not	functions.	\(y	=	5x	+
1\)	\(y	=	{x^2}	+	1\)	\({y^2}	=	x	+	1\)	\({x^2}	+	{y^2}	=	4\)	Show	All	SolutionsHide	All	Solutions	Show	Discussion	The	working	definition	of	function	is	saying	is	that	if	we	take	all	possible	values	of	\(x\)	and	plug	them	into	the	equation	and	solve	for	\(y\)	we	will	get	exactly	one	value	for	each	value	of	\(x\).	At	this	stage	of	the	game	it	can	be	pretty
difficult	to	actually	show	that	an	equation	is	a	function	so	well	mostly	talk	our	way	through	it.	On	the	other	hand,	its	often	quite	easy	to	show	that	an	equation	isnt	a	function.	a	\(y	=	5x	+	1\)	Show	Solution	So,	we	need	to	show	that	no	matter	what	\(x\)	we	plug	into	the	equation	and	solve	for	\(y\)	we	will	only	get	a	single	value	of	\(y\).	Note	as	well	that
the	value	of	\(y\)	will	probably	be	different	for	each	value	of	\(x\),	although	it	doesnt	have	to	be.	Lets	start	this	off	by	plugging	in	some	values	of	\(x\)	and	see	what	happens.	\[\begin{align*}x	&	=	-	4:\hspace{0.25in}	&	y	&	=	5\left(	{	-	4}	\right)	+	1	=	-	20	+	1	=	-	19\\	x	&	=	0:\hspace{0.25in}	&	y	&	=	5\left(	0	\right)	+	1	=	0	+	1	=	1\\	x	&	=
10:\hspace{0.25in}	&	y	&	=	5\left(	{10}	\right)	+	1	=	50	+	1	=	51\end{align*}\]	So,	for	each	of	these	values	of	\(x\)	we	got	a	single	value	of	\(y\)	out	of	the	equation.	Now,	this	isnt	sufficient	to	claim	that	this	is	a	function.	In	order	to	officially	prove	that	this	is	a	function	we	need	to	show	that	this	will	work	no	matter	which	value	of	\(x\)	we	plug	into	the
equation.	Of	course,	we	cant	plug	all	possible	value	of	\(x\)	into	the	equation.	That	just	isnt	physically	possible.	However,	lets	go	back	and	look	at	the	ones	that	we	did	plug	in.	For	each	\(x\),	upon	plugging	in,	we	first	multiplied	the	\(x\)	by	5	and	then	added	1	onto	it.	Now,	if	we	multiply	a	number	by	5	we	will	get	a	single	value	from	the	multiplication.
Likewise,	we	will	only	get	a	single	value	if	we	add	1	onto	a	number.	Therefore,	it	seems	plausible	that	based	on	the	operations	involved	with	plugging	\(x\)	into	the	equation	that	we	will	only	get	a	single	value	of	\(y\)	out	of	the	equation.	So,	this	equation	is	a	function.	b	\(y	=	{x^2}	+	1\)	Show	Solution	Again,	lets	plug	in	a	couple	of	values	of	\(x\)	and
solve	for	\(y\)	to	see	what	happens.	\[\begin{align*}x	&	=	-	1:\hspace{0.25in}	&	y	=	{\left(	{	-	1}	\right)^2}	+	1	=	1	+	1	=	2\\	x	&	=	3:\hspace{0.25in}	&	y	=	{\left(	3	\right)^2}	+	1	=	9	+	1	=	10\end{align*}\]	Now,	lets	think	a	little	bit	about	what	we	were	doing	with	the	evaluations.	First,	we	squared	the	value	of	\(x\)	that	we	plugged	in.	When	we
square	a	number	there	will	only	be	one	possible	value.	We	then	add	1	onto	this,	but	again,	this	will	yield	a	single	value.	So,	it	seems	like	this	equation	is	also	a	function.	Note	that	it	is	okay	to	get	the	same	\(y\)	value	for	different	\(x\)s.	For	example,	\[x	=	-	3:\hspace{0.25in}y	=	{\left(	{	-	3}	\right)^2}	+	1	=	9	+	1	=	10\]	We	just	cant	get	more	than	one	\
(y\)	out	of	the	equation	after	we	plug	in	the	\(x\).	c	\({y^2}	=	x	+	1\)	Show	Solution	As	weve	done	with	the	previous	two	equations	lets	plug	in	a	couple	of	value	of	\(x\),	solve	for	\(y\)	and	see	what	we	get.	\[\begin{align*}x	&	=	3:\hspace{0.25in}	&	{y^2}	&	=	3	+	1	=	4\hspace{0.25in}\Rightarrow	\hspace{0.25in}	y	=	\pm	2\\	x	&	=	-	1:\hspace{0.25in}
&	{y^2}	&	=	-	1	+	1	=	0\hspace{0.25in}	\Rightarrow	\hspace{0.25in}y	=	0\\	x	&	=	10:\hspace{0.25in}	&	{y^2}	&	=	10	+	1	=	11\hspace{0.25in}	\Rightarrow	\hspace{0.25in}y	=	\pm	\sqrt	{11}	\end{align*}\]	Now,	remember	that	were	solving	for	\(y\)	and	so	that	means	that	in	the	first	and	last	case	above	we	will	actually	get	two	different	\(y\)
values	out	of	the	\(x\)	and	so	this	equation	is	NOT	a	function.	Note	that	we	can	have	values	of	\(x\)	that	will	yield	a	single	\(y\)	as	weve	seen	above,	but	that	doesnt	matter.	If	even	one	value	of	\(x\)	yields	more	than	one	value	of	\(y\)	upon	solving	the	equation	will	not	be	a	function.	What	this	really	means	is	that	we	didnt	need	to	go	any	farther	than	the
first	evaluation,	since	that	gave	multiple	values	of	\(y\).	d	\({x^2}	+	{y^2}	=	4\)	Show	Solution	With	this	case	well	use	the	lesson	learned	in	the	previous	part	and	see	if	we	can	find	a	value	of	\(x\)	that	will	give	more	than	one	value	of	\(y\)	upon	solving.	Because	weve	got	a	y2	in	the	problem	this	shouldnt	be	too	hard	to	do	since	solving	will	eventually
mean	using	the	square	root	property	which	will	give	more	than	one	value	of	\(y\).	\[x	=	0:\hspace{0.25in}{0^2}	+	{y^2}	=	4\hspace{0.25in}	\Rightarrow	\hspace{0.25in}{y^2}	=	4\hspace{0.25in}	\Rightarrow	\hspace{0.25in}	y	=	\pm	\,2\]	So,	this	equation	is	not	a	function.	Recall,	that	from	the	previous	section	this	is	the	equation	of	a	circle.	Circles
are	never	functions.	Hopefully	these	examples	have	given	you	a	better	feel	for	what	a	function	actually	is.	We	now	need	to	move	onto	something	called	function	notation.	Function	notation	will	be	used	heavily	throughout	most	of	the	remaining	chapters	in	this	course	and	so	it	is	important	to	understand	it.	Lets	start	off	with	the	following	quadratic
equation.	\[y	=	{x^2}	-	5x	+	3\]	We	can	use	a	process	similar	to	what	we	used	in	the	previous	set	of	examples	to	convince	ourselves	that	this	is	a	function.	Since	this	is	a	function	we	will	denote	it	as	follows,	\[f\left(	x	\right)	=	{x^2}	-	5x	+	3\]	So,	we	replaced	the	\(y\)	with	the	notation	\(f\left(	x	\right)\).	This	is	read	as	f	of	\(x\).	Note	that	there	is
nothing	special	about	the	\(f\)	we	used	here.	We	could	just	have	easily	used	any	of	the	following,	\[g\left(	x	\right)	=	{x^2}	-	5x	+	3\,\,\,\hspace{0.25in}h\left(	x	\right)	=	{x^2}	-	5x	+	3\hspace{0.25in}R\left(	x	\right)	=	{x^2}	-	5x	+	3\]	The	letter	we	use	does	not	matter.	What	is	important	is	the	\(\left(	x	\right)\)	part.	The	letter	in	the	parenthesis	must
match	the	variable	used	on	the	right	side	of	the	equal	sign.	It	is	very	important	to	note	that	\(f\left(	x	\right)\)	is	really	nothing	more	than	a	really	fancy	way	of	writing	\(y\).	If	you	keep	that	in	mind	you	may	find	that	dealing	with	function	notation	becomes	a	little	easier.	Also,	this	is	NOT	a	multiplication	of	\(f\)	by	\(x\)!	This	is	one	of	the	more	common
mistakes	people	make	when	they	first	deal	with	functions.	This	is	just	a	notation	used	to	denote	functions.	Next	we	need	to	talk	about	evaluating	functions.	Evaluating	a	function	is	really	nothing	more	than	asking	what	its	value	is	for	specific	values	of	\(x\).	Another	way	of	looking	at	it	is	that	we	are	asking	what	the	\(y\)	value	for	a	given	\(x\)	is.
Evaluation	is	really	quite	simple.	Lets	take	the	function	we	were	looking	at	above	\[f\left(	x	\right)	=	{x^2}	-	5x	+	3\]	and	ask	what	its	value	is	for	\(x	=	4\).	In	terms	of	function	notation	we	will	ask	this	using	the	notation	\(f\left(	4	\right)\).	So,	when	there	is	something	other	than	the	variable	inside	the	parenthesis	we	are	really	asking	what	the	value	of
the	function	is	for	that	particular	quantity.	Now,	when	we	say	the	value	of	the	function	we	are	really	asking	what	the	value	of	the	equation	is	for	that	particular	value	of	\(x\).	Here	is	\(f\left(	4	\right)\).	\[f\left(	4	\right)	=	{\left(	4	\right)^2}	-	5\left(	4	\right)	+	3	=	16	-	20	+	3	=	-	1\]	Notice	that	evaluating	a	function	is	done	in	exactly	the	same	way	in
which	we	evaluate	equations.	All	we	do	is	plug	in	for	\(x\)	whatever	is	on	the	inside	of	the	parenthesis	on	the	left.	Heres	another	evaluation	for	this	function.	\[f\left(	{	-	6}	\right)	=	{\left(	{	-	6}	\right)^2}	-	5\left(	{	-	6}	\right)	+	3	=	36	+	30	+	3	=	69\]	So,	again,	whatever	is	on	the	inside	of	the	parenthesis	on	the	left	is	plugged	in	for	\(x\)	in	the
equation	on	the	right.	Lets	take	a	look	at	some	more	examples.	Example	4	Given	\(f\left(	x	\right)	=	{x^2}	-	2x	+	8\)	and	\(g\left(	x	\right)	=	\sqrt	{x	+	6}	\)	evaluate	each	of	the	following.	\(f\left(	3	\right)\)	and	\(g\left(	3	\right)\)	\(f\left(	{	-	10}	\right)\)	and	\(g\left(	{	-	10}	\right)\)	\(f\left(	0	\right)\)	\(f\left(	t	\right)\)	\(f\left(	{t	+	1}	\right)\)	and	\(f\left(	{x
+	1}	\right)\)	\(f\left(	{{x^3}}	\right)\)	\(g\left(	{{x^2}	-	5}	\right)\)	Show	All	SolutionsHide	All	Solutions	a	\(f\left(	3	\right)\)	and	\(g\left(	3	\right)\)	Show	Solution	Okay	weve	got	two	function	evaluations	to	do	here	and	weve	also	got	two	functions	so	were	going	to	need	to	decide	which	function	to	use	for	the	evaluations.	The	key	here	is	to	notice	the
letter	that	is	in	front	of	the	parenthesis.	For	\(f\left(	3	\right)\)	we	will	use	the	function	\(f\left(	x	\right)\)	and	for	\(g\left(	3	\right)\)	we	will	use	\(g\left(	x	\right)\).	In	other	words,	we	just	need	to	make	sure	that	the	variables	match	up.	Here	are	the	evaluations	for	this	part.	\[\begin{align*}f\left(	3	\right)	&	=	{\left(	3	\right)^2}	-	2\left(	3	\right)	+	8	=	9	-
6	+	8	=	11\\	g\left(	3	\right)	&	=	\sqrt	{3	+	6}	=	\sqrt	9	=	3\end{align*}\]	b	\(f\left(	{	-	10}	\right)\)	and	\(g\left(	{	-	10}	\right)\)	Show	Solution	This	one	is	pretty	much	the	same	as	the	previous	part	with	one	exception	that	well	touch	on	when	we	reach	that	point.	Here	are	the	evaluations.	\[f\left(	{	-	10}	\right)	=	{\left(	{	-	10}	\right)^2}	-	2\left(	{	-	10}
\right)	+	8	=	100	+	20	+	8	=	128\]	Make	sure	that	you	deal	with	the	negative	signs	properly	here.	Now	the	second	one.	\[g\left(	{	-	10}	\right)	=	\sqrt	{	-	10	+	6}	=	\sqrt	{	-	4}	\]	Weve	now	reached	the	difference.	Recall	that	when	we	first	started	talking	about	the	definition	of	functions	we	stated	that	we	were	only	going	to	deal	with	real	numbers.	In
other	words,	we	only	plug	in	real	numbers	and	we	only	want	real	numbers	back	out	as	answers.	So,	since	we	would	get	a	complex	number	out	of	this	we	cant	plug	-10	into	this	function.	c	\(f\left(	0	\right)\)	Show	Solution	Not	much	to	this	one.	\[f\left(	0	\right)	=	{\left(	0	\right)^2}	-	2\left(	0	\right)	+	8	=	8\]	Again,	dont	forget	that	this	isnt
multiplication!	For	some	reason	students	like	to	think	of	this	one	as	multiplication	and	get	an	answer	of	zero.	Be	careful.	d	\(f\left(	t	\right)\)	Show	Solution	The	rest	of	these	evaluations	are	now	going	to	be	a	little	different.	As	this	one	shows	we	dont	need	to	just	have	numbers	in	the	parenthesis.	However,	evaluation	works	in	exactly	the	same	way.	We
plug	into	the	\(x\)s	on	the	right	side	of	the	equal	sign	whatever	is	in	the	parenthesis.	In	this	case	that	means	that	we	plug	in	\(t\)	for	all	the	\(x\)s.	Here	is	this	evaluation.	\[f\left(	t	\right)	=	{t^2}	-	2t	+	8\]	Note	that	in	this	case	this	is	pretty	much	the	same	thing	as	our	original	function,	except	this	time	were	using	\(t\)	as	a	variable.	e	\(f\left(	{t	+	1}
\right)\)	and	\(f\left(	{x	+	1}	\right)\)	Show	Solution	Now,	lets	get	a	little	more	complicated,	or	at	least	they	appear	to	be	more	complicated.	Things	arent	as	bad	as	they	may	appear	however.	Well	evaluate	\(f\left(	{t	+	1}	\right)\)	first.	This	one	works	exactly	the	same	as	the	previous	part	did.	All	the	\(x\)s	on	the	left	will	get	replaced	with	\(t	+	1\).	We
will	have	some	simplification	to	do	as	well	after	the	substitution.	\[\begin{align*}f\left(	{t	+	1}	\right)	&	=	{\left(	{t	+	1}	\right)^2}	-	2\left(	{t	+	1}	\right)	+	8\\	&	=	{t^2}	+	2t	+	1	-	2t	-	2	+	8\\	&	=	{t^2}	+	7\end{align*}\]	Be	careful	with	parenthesis	in	these	kinds	of	evaluations.	It	is	easy	to	mess	up	with	them.	Now,	lets	take	a	look	at	\(f\left(	{x	+
1}	\right)\).	With	the	exception	of	the	\(x\)	this	is	identical	to	\(f\left(	{t	+	1}	\right)\)	and	so	it	works	exactly	the	same	way.	\[\begin{align*}f\left(	{x	+	1}	\right)	&	=	{\left(	{x	+	1}	\right)^2}	-	2\left(	{x	+	1}	\right)	+	8\\	&	=	{x^2}	+	2x	+	1	-	2x	-	2	+	8\\	&	=	{x^2}	+	7\end{align*}\]	Do	not	get	excited	about	the	fact	that	we	reused	\(x\)s	in	the
evaluation	here.	In	many	places	where	we	will	be	doing	this	in	later	sections	there	will	be	\(x\)s	here	and	so	you	will	need	to	get	used	to	seeing	that.	f	\(f\left(	{{x^3}}	\right)\)	Show	Solution	Again,	dont	get	excited	about	the	\(x\)s	in	the	parenthesis	here.	Just	evaluate	it	as	if	it	were	a	number.	\[\begin{align*}f\left(	{{x^3}}	\right)	&	=	{\left(	{{x^3}}
\right)^2}	-	2\left(	{{x^3}}	\right)	+	8\\	&	=	{x^6}	-	2{x^3}	+	8\end{align*}\]	g	\(g\left(	{{x^2}	-	5}	\right)\)	Show	Solution	One	more	evaluation	and	this	time	well	use	the	other	function.	\[\begin{align*}g\left(	{{x^2}	-	5}	\right)	&	=	\sqrt	{{x^2}	-	5	+	6}	\\	&	=	\sqrt	{{x^2}	+	1}	\end{align*}\]	Function	evaluation	is	something	that	well	be	doing
a	lot	of	in	later	sections	and	chapters	so	make	sure	that	you	can	do	it.	You	will	find	several	later	sections	very	difficult	to	understand	and/or	do	the	work	in	if	you	do	not	have	a	good	grasp	on	how	function	evaluation	works.	While	we	are	on	the	subject	of	function	evaluation	we	should	now	talk	about	piecewise	functions.	Weve	actually	already	seen	an
example	of	a	piecewise	function	even	if	we	didnt	call	it	a	function	(or	a	piecewise	function)	at	the	time.	Recall	the	mathematical	definition	of	absolute	value.	\[\left|	x	\right|	=	\left\{	{\begin{array}{*{20}{l}}x&{{\mbox{if	}}x	\ge	0}\\{	-	x}&{{\mbox{if	}}x	<	0}\end{array}}	\right.\]	This	is	a	function	and	if	we	use	function	notation	we	can	write	it	as
follows,	\[f\left(	x	\right)	=	\left\{	{\begin{array}{*{20}{l}}x&{{\mbox{if	}}x	\ge	0}\\{	-	x}&{{\mbox{if	}}x	<	0}\end{array}}	\right.\]	This	is	also	an	example	of	a	piecewise	function.	A	piecewise	function	is	nothing	more	than	a	function	that	is	broken	into	pieces	and	which	piece	you	use	depends	upon	value	of	\(x\).	So,	in	the	absolute	value	example
we	will	use	the	top	piece	if	\(x\)	is	positive	or	zero	and	we	will	use	the	bottom	piece	if	\(x\)	is	negative.	Lets	take	a	look	at	evaluating	a	more	complicated	piecewise	function.	Example	5	Given,	\[g\left(	t	\right)	=	\left\{	{\begin{array}{*{20}{l}}{3{t^2}	+	4}&{{\mbox{if	}}t	\le	-	4}\\{10}&{{\mbox{if	}}	-	4	<	t	\le	15}\\{1	-	6t}&{{\mbox{if	}}t	>
15}\end{array}}	\right.\]	evaluate	each	of	the	following.	\(g\left(	{	-	6}	\right)\)	\(g\left(	{	-	4}	\right)\)	\(g\left(	1	\right)\)	\(g\left(	{15}	\right)\)	\(g\left(	{21}	\right)\)	Show	All	SolutionsHide	All	Solutions	Show	Discussion	Before	starting	the	evaluations	here	lets	notice	that	were	using	different	letters	for	the	function	and	variable	than	the	ones	that
weve	used	to	this	point.	That	wont	change	how	the	evaluation	works.	Do	not	get	so	locked	into	seeing	\(f\)	for	the	function	and	\(x\)	for	the	variable	that	you	cant	do	any	problem	that	doesnt	have	those	letters.	Now,	to	do	each	of	these	evaluations	the	first	thing	that	we	need	to	do	is	determine	which	inequality	the	number	satisfies,	and	it	will	only
satisfy	a	single	inequality.	When	we	determine	which	inequality	the	number	satisfies	we	use	the	equation	associated	with	that	inequality.	So,	lets	do	some	evaluations.	a	\(g\left(	{	-	6}	\right)\)	Show	Solution	In	this	case	-6	satisfies	the	top	inequality	and	so	well	use	the	top	equation	for	this	evaluation.	\[g\left(	{	-	6}	\right)	=	3{\left(	{	-	6}	\right)^2}	+
4	=	112\]	b	\(g\left(	{	-	4}	\right)\)	Show	Solution	Now	well	need	to	be	a	little	careful	with	this	one	since	-4	shows	up	in	two	of	the	inequalities.	However,	it	only	satisfies	the	top	inequality	and	so	we	will	once	again	use	the	top	function	for	the	evaluation.	\[g\left(	{	-	4}	\right)	=	3{\left(	{	-	4}	\right)^2}	+	4	=	52\]	c	\(g\left(	1	\right)\)	Show	Solution	In
this	case	the	number,	1,	satisfies	the	middle	inequality	and	so	well	use	the	middle	equation	for	the	evaluation.	This	evaluation	often	causes	problems	for	students	despite	the	fact	that	its	actually	one	of	the	easiest	evaluations	well	ever	do.	We	know	that	we	evaluate	functions/equations	by	plugging	in	the	number	for	the	variable.	In	this	case	there	are
no	variables.	That	isnt	a	problem.	Since	there	arent	any	variables	it	just	means	that	we	dont	actually	plug	in	anything	and	we	get	the	following,	\[g\left(	1	\right)	=	10\]	d	\(g\left(	{15}	\right)\)	Show	Solution	Again,	like	with	the	second	part	we	need	to	be	a	little	careful	with	this	one.	In	this	case	the	number	satisfies	the	middle	inequality	since	that	is
the	one	with	the	equal	sign	in	it.	Then	like	the	previous	part	we	just	get,	\[g\left(	{15}	\right)	=	10\]	Dont	get	excited	about	the	fact	that	the	previous	two	evaluations	were	the	same	value.	This	will	happen	on	occasion.	e	\(g\left(	{21}	\right)\)	Show	Solution	For	the	final	evaluation	in	this	example	the	number	satisfies	the	bottom	inequality	and	so	well
use	the	bottom	equation	for	the	evaluation.	\[g\left(	{21}	\right)	=	1	-	6\left(	{21}	\right)	=	-	125\]	Piecewise	functions	do	not	arise	all	that	often	in	an	Algebra	class	however,	they	do	arise	in	several	places	in	later	classes	and	so	it	is	important	for	you	to	understand	them	if	you	are	going	to	be	moving	on	to	more	math	classes.	As	a	final	topic	we	need	to
come	back	and	touch	on	the	fact	that	we	cant	always	plug	every	\(x\)	into	every	function.	We	talked	briefly	about	this	when	we	gave	the	definition	of	the	function	and	we	saw	an	example	of	this	when	we	were	evaluating	functions.	We	now	need	to	look	at	this	in	a	little	more	detail.	First,	we	need	to	get	a	couple	of	definitions	out	of	the	way.	Domain	and
Range	The	domain	of	an	equation	is	the	set	of	all	\(x\)s	that	we	can	plug	into	the	equation	and	get	back	a	real	number	for	\(y\).	The	range	of	an	equation	is	the	set	of	all	\(y\)s	that	we	can	ever	get	out	of	the	equation.	Note	that	we	did	mean	to	use	equation	in	the	definitions	above	instead	of	functions.	These	are	really	definitions	for	equations.	However,
since	functions	are	also	equations	we	can	use	the	definitions	for	functions	as	well.	Determining	the	range	of	an	equation/function	can	be	pretty	difficult	to	do	for	many	functions	and	so	we	arent	going	to	really	get	into	that.	We	are	much	more	interested	here	in	determining	the	domains	of	functions.	From	the	definition	the	domain	is	the	set	of	all	\(x\)s
that	we	can	plug	into	a	function	and	get	back	a	real	number.	At	this	point,	that	means	that	we	need	to	avoid	division	by	zero	and	taking	square	roots	of	negative	numbers.	Lets	do	a	couple	of	quick	examples	of	finding	domains.	Example	6	Determine	the	domain	of	each	of	the	following	functions.	\(\displaystyle	g\left(	x	\right)	=	\frac{{x	+	3}}{{{x^2}
+	3x	-	10}}\)	\(f\left(	x	\right)	=	\sqrt	{5	-	3x}	\)	\(\displaystyle	h\left(	x	\right)	=	\frac{{\sqrt	{7x	+	8}	}}{{{x^2}	+	4}}\)	\(\displaystyle	R\left(	x	\right)	=	\frac{{\sqrt	{10x	-	5}	}}{{{x^2}	-	16}}\)	Show	All	SolutionsHide	All	Solutions	Show	Discussion	The	domains	for	these	functions	are	all	the	values	of	\(x\)	for	which	we	dont	have	division	by	zero	or
the	square	root	of	a	negative	number.	If	we	remember	these	two	ideas	finding	the	domains	will	be	pretty	easy.	a	\(\displaystyle	g\left(	x	\right)	=	\frac{{x	+	3}}{{{x^2}	+	3x	-	10}}\)	Show	Solution	So,	in	this	case	there	are	no	square	roots	so	we	dont	need	to	worry	about	the	square	root	of	a	negative	number.	There	is	however	a	possibility	that	well
have	a	division	by	zero	error.	To	determine	if	we	will	well	need	to	set	the	denominator	equal	to	zero	and	solve.	\[{x^2}	+	3x	-	10	=	\left(	{x	+	5}	\right)\left(	{x	-	2}	\right)	=	0\hspace{0.25in}x	=	-	5,\,\,x	=	2\]	So,	we	will	get	division	by	zero	if	we	plug	in	\(x	=	-	5\)	or	\(x	=	2\).	That	means	that	well	need	to	avoid	those	two	numbers.	However,	all	the
other	values	of	\(x\)	will	work	since	they	dont	give	division	by	zero.	The	domain	is	then,	\[{\mbox{Domain	:	All	real	numbers	except	}}x	=	-	5{\mbox{	and	}}x	=	2\]	b	\(f\left(	x	\right)	=	\sqrt	{5	-	3x}	\)	Show	Solution	In	this	case	we	wont	have	division	by	zero	problems	since	we	dont	have	any	fractions.	We	do	have	a	square	root	in	the	problem	and	so
well	need	to	worry	about	taking	the	square	root	of	a	negative	numbers.	This	one	is	going	to	work	a	little	differently	from	the	previous	part.	In	that	part	we	determined	the	value(s)	of	\(x\)	to	avoid.	In	this	case	it	will	be	just	as	easy	to	directly	get	the	domain.	To	avoid	square	roots	of	negative	numbers	all	that	we	need	to	do	is	require	that	\[5	-	3x	\ge	0\]
This	is	a	fairly	simple	linear	inequality	that	we	should	be	able	to	solve	at	this	point.	\[5	\ge	3x\hspace{0.25in}	\Rightarrow	\hspace{0.25in}x	\le	\frac{5}{3}\]	The	domain	of	this	function	is	then,	\[{\mbox{Domain	:	}}x	\le	\frac{5}{3}\]	c	\(\displaystyle	h\left(	x	\right)	=	\frac{{\sqrt	{7x	+	8}	}}{{{x^2}	+	4}}\)	Show	Solution	In	this	case	weve	got	a
fraction,	but	notice	that	the	denominator	will	never	be	zero	for	any	real	number	since	x2	is	guaranteed	to	be	positive	or	zero	and	adding	4	onto	this	will	mean	that	the	denominator	is	always	at	least	4.	In	other	words,	the	denominator	wont	ever	be	zero.	So,	all	we	need	to	do	then	is	worry	about	the	square	root	in	the	numerator.	To	do	this	well	require,
\[\begin{align*}7x	+	8	&	\ge	0\\	7x	&	\ge	-	8\\	x	&	\ge	-	\frac{8}{7}\end{align*}\]	Now,	we	can	actually	plug	in	any	value	of	\(x\)	into	the	denominator,	however,	since	weve	got	the	square	root	in	the	numerator	well	have	to	make	sure	that	all	\(x\)s	satisfy	the	inequality	above	to	avoid	problems.	Therefore,	the	domain	of	this	function	is	\[{\mbox{Domain
:}}\,\,x	\ge	-	\frac{8}{7}\]	d	\(\displaystyle	R\left(	x	\right)	=	\frac{{\sqrt	{10x	-	5}	}}{{{x^2}	-	16}}\)	Show	Solution	In	this	final	part	weve	got	both	a	square	root	and	division	by	zero	to	worry	about.	Lets	take	care	of	the	square	root	first	since	this	will	probably	put	the	largest	restriction	on	the	values	of	\(x\).	So,	to	keep	the	square	root	happy	(i.e.	no
square	root	of	negative	numbers)	well	need	to	require	that,	\[\begin{align*}10x	-	5	&	\ge	0\\	10x	&	\ge	5\\	x	&	\ge	\frac{1}{2}\end{align*}\]	So,	at	the	least	well	need	to	require	that	\(x	\ge	\frac{1}{2}\)	in	order	to	avoid	problems	with	the	square	root.	Now,	lets	see	if	we	have	any	division	by	zero	problems.	Again,	to	do	this	simply	set	the	denominator
equal	to	zero	and	solve.	\[{x^2}	-	16	=	\left(	{x	-	4}	\right)\left(	{x	+	4}	\right)	=	0\hspace{0.25in}	\Rightarrow	\hspace{0.25in}	x	=	-	4,\,\,x	=	4\]	Now,	notice	that	\(x	=	-	4\)	doesnt	satisfy	the	inequality	we	need	for	the	square	root	and	so	that	value	of	\(x\)	has	already	been	excluded	by	the	square	root.	On	the	other	hand,	\(x	=	4\)	does	satisfy	the
inequality.	This	means	that	it	is	okay	to	plug	\(x	=	4\)	into	the	square	root,	however,	since	it	would	give	division	by	zero	we	will	need	to	avoid	it.	The	domain	for	this	function	is	then,	\[{\mbox{Domain	:	}}x	\ge	\frac{1}{2}{\mbox{	except	}}x	=	4\]	What	is	a	function?	A	function	is	defined	as	a	relation	between	a	set	of	inputs	having	one	output	each.	In
simple	words,	a	function	is	a	relationship	between	inputs	where	each	input	is	related	to	exactly	one	output.	Every	function	has	a	domain	and	codomain	or	range.	A	function	is	generally	denoted	by	f(x)	where	x	is	the	input.	The	general	representation	of	a	function	is	y	=	f(x).These	functions	are	also	classified	into	various	types,	which	we	will	discuss
here.	Check	Relations	and	Functions	lesson	for	more	information.What	is	a	Function	in	Maths?A	function	in	maths	is	a	special	relationship	among	the	inputs	(i.e.	the	domain)	and	their	outputs	(known	as	the	codomain)	where	each	input	has	exactly	one	output,	and	the	output	can	be	traced	back	to	its	input.Types	of	Functions	in	MathsAn	example	of	a
simple	function	is	f(x)	=	x2.	In	this	function,	the	function	f(x)	takes	the	value	of	x	and	then	squares	it.	For	instance,	if	x	=	3,	then	f(3)	=	9.	A	few	more	examples	of	functions	are:	f(x)	=	sin	x,	f(x)	=	x2	+	3,	f(x)	=	1/x,	f(x)	=	2x	+	3,	etc.There	are	several	types	of	functions	in	maths.	Some	important	types	are:Injective	function	or	One	to	one	function:	When
there	is	mapping	for	a	range	for	each	domain	between	two	sets.Surjective	functions	or	Onto	function:	When	there	is	more	than	one	element	mapped	from	domain	to	range.Polynomial	function:	The	function	which	consists	of	polynomials.Inverse	Functions:	The	function	which	can	invert	another	function.These	were	a	few	examples	of	functions.	It
should	be	noted	that	there	are	various	other	functions	like	into	function,	algebraic	functions,	etc.Learn	here	all	the	functions:	What	is	a	Function	in	Algebra?A	function	is	an	equation	for	which	any	x	that	can	be	put	into	the	equation	will	produce	exactly	one	output	such	as	y	out	of	the	equation.	It	is	represented	as;y	=	f(x)Where	x	is	an	independent
variable	and	y	is	a	dependent	variable.For	example:y	=	2x	+	1y	=	3x	2y	=	4yy	=	5/xWhat	is	a	function	on	a	graph?A	function	f(x)	can	be	represented	on	a	graph	by	knowing	the	values	of	x.	As	we	know,	y	=	f(x),	so	if	start	putting	the	values	of	x	we	can	get	the	related	value	for	y.	Hence,	we	can	plot	a	graph	using	x	and	y	values	in	a	coordinate	plane.	Let
us	see	an	example:Suppose,	y	=	x	+	3Then,when	x	=	0,	y	=	3when	x	=	-2,	y	=	-2	+	3	=	1when	x	=	-1,	y	=	-1	+	3	=	2when	x	=	1,	y	=	1	+	3	=	4when	x	=	2,	y	=	2	+	3	=	5Thus,	with	the	help	of	these	values,	we	can	plot	the	graph	for	function	x	+	3.Recommended	VideosA	function	can	be	defined	as	a	relation	between	a	set	of	inputs	where	each	input	has
exactly	one	output.A	function	is	generally	represented	as	f(x).A	domain	of	a	function	is	the	set	of	inputs	for	which	the	function	is	defined.	A	codomain	of	a	function	is	the	set	of	possible	output	values.	Put	your	understanding	of	this	concept	to	test	by	answering	a	few	MCQs.	Click	Start	Quiz	to	begin!	Select	the	correct	answer	and	click	on	the	Finish
buttonCheck	your	score	and	answers	at	the	end	of	the	quiz	Visit	BYJUS	for	all	Maths	related	queries	and	study	materials	0	out	of	0	arewrong	0	out	of	0	are	correct	0	out	of	0	are	Unattempted	View	Quiz	Answers	and	Analysis	A	function	is	a	relation	that	uniquely	associates	members	of	one	set	with	members	of	another	set.	More	formally,	a	function
from	to	is	an	object	such	that	every	is	uniquely	associated	with	an	object	.	A	function	is	therefore	a	many-to-one	(or	sometimes	one-to-one)	relation.	The	set	of	values	at	which	a	function	is	defined	is	called	its	domain,	while	the	set	of	values	that	the	function	can	produce	is	called	its	range.	Here,	the	set	is	called	the	codomain	of	.In	the	context	of
univariate,	real-valued	functions	,	the	fact	that	domain	elements	are	mapped	to	unique	range	elements	can	be	expressed	graphically	by	way	of	the	vertical	line	test.In	some	literature,	the	term	"map"	is	synonymous	with	function.	Some	caution	must	be	exhibited,	however,	as	it	is	not	uncommon	for	the	term	map	to	denote	a	function	with	some	sort	of
unspoken	regularity	assumption,	e.g.,	in	point-set	topology,	where	"map"	sometimes	refers	to	a	function	which	is	continuous	with	respect	to	some	topology.Examples	of	functions	over	the	reals	include	(many-to-one),	(one-to-one),	(two-to-one	except	for	the	single	point	),	etc.Unfortunately,	the	term	"function"	is	also	used	to	refer	to	relations	that	map
single	points	in	the	domain	to	possibly	multiple	points	in	the	range.	These	"functions"	are	called	multivalued	functions	(or	multiple-valued	functions),	and	arise	prominently	in	the	theory	of	complex	functions,	where	the	presence	of	multiple	values	engenders	the	use	of	so-called	branch	cuts.Several	notations	are	commonly	used	to	represent	(non-
multivalued)	functions.	The	most	rigorous	notation	is	,	which	specifies	that	is	function	acting	upon	a	single	number	(i.e.,	is	a	univariate,	or	one-variable,	function)	and	returning	a	value	.	To	be	even	more	precise,	a	notation	like	",	where	"	is	sometimes	used	to	explicitly	specify	the	domain	and	codomain	of	the	function.	The	slightly	different	"maps	to"
notation	is	sometimes	also	used	when	the	function	is	explicitly	considered	as	a	"map."Generally	speaking,	the	symbol	refers	to	the	function	itself,	while	refers	to	the	value	taken	by	the	function	when	evaluated	at	a	point	.	However,	especially	in	more	introductory	texts,	the	notation	is	commonly	used	to	refer	to	the	function	itself	(as	opposed	to	the
value	of	the	function	evaluated	at	).	In	this	context,	the	argument	is	considered	to	be	a	dummy	variable	whose	presence	indicates	that	the	function	takes	a	single	argument	(as	opposed	to	,	etc.).	While	this	notation	is	deprecated	by	professional	mathematicians,	it	is	the	more	familiar	one	for	most	nonprofessionals.	Therefore,	unless	indicated	otherwise
by	context,	the	notation	is	taken	in	this	work	to	be	a	shorthand	for	the	more	rigorous	.	Complex	Function,	Map,	Multivalued	Function,	Pathological,	Real	Function,	Single-Valued	Function,	Special	Function	Explore	this	topic	in	the	MathWorld	classroom	Portions	of	this	entry	contributed	by	ChristopherStover	Explore	with	Wolfram|Alpha
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definition	of	function	was	first	given	in	1837	by	the	German	mathematician	Peter	Dirichlet:If	a	variable	y	is	so	related	to	a	variable	x	that	whenever	a	numerical	value	is	assigned	to	x,	there	is	a	rule	according	to	which	a	unique	value	of	y	is	determined,	then	y	is	said	to	be	a	function	of	the	independent	variable	x.This	relationship	is	commonly
symbolized	as	y	=	f(x)which	is	said	f	of	xand	y	and	x	are	related	such	that	for	every	x,	there	is	a	unique	value	of	y.	That	is,	f(x)	can	not	have	more	than	one	value	for	the	same	x.	To	use	the	language	of	set	theory,	a	function	relates	an	element	x	to	an	element	f(x)	in	another	set.	The	set	of	values	of	x	is	called	the	domain	of	the	function,	and	the	set	of
values	of	f(x)	generated	by	the	values	in	the	domain	is	called	the	range	of	the	function.	In	addition	to	f(x),	other	abbreviated	symbols	such	as	g(x)	and	P(x)	are	often	used	to	represent	functions	of	the	independent	variable	x,	especially	when	the	nature	of	the	function	is	unknown	or	unspecified.	Many	widely	used	mathematical	formulas	are	expressions
of	known	functions.	For	example,	the	formula	for	the	area	of	a	circle,	A	=	r2,	gives	the	dependent	variable	A	(the	area)	as	a	function	of	the	independent	variable	r	(the	radius).	Functions	involving	more	than	two	variables	(called	multivariable	or	multivariate	functions)	also	are	common	in	mathematics,	as	can	be	seen	in	the	formula	for	the	area	of	a
triangle,	A	=	bh/2,	which	defines	A	as	a	function	of	both	b	(base)	and	h	(height).	In	these	examples,	physical	constraints	force	the	independent	variables	to	be	positive	numbers.	When	the	independent	variables	are	also	allowed	to	take	on	negative	valuesthus,	any	real	numberthe	functions	are	known	as	real-valued	functions.	The	formula	for	the	area	of
a	circle	is	an	example	of	a	polynomial	function.	The	general	form	for	such	functions	is	P(x)	=	a0	+	a1x	+	a2x2++	anxn,	where	the	coefficients	(a0,	a1,	a2,,	an)	are	given,	x	can	be	any	real	number,	and	all	the	powers	of	x	are	counting	numbers	(1,	2,	3,).	(When	the	powers	of	x	can	be	any	real	number,	the	result	is	known	as	an	algebraic	function.)
Polynomial	functions	have	been	studied	since	the	earliest	times	because	of	their	versatilitypractically	any	relationship	involving	real	numbers	can	be	closely	approximated	by	a	polynomial	function.	Polynomial	functions	are	characterized	by	the	highest	power	of	the	independent	variable.	Special	names	are	commonly	used	for	such	powers	from	one	to
fivelinear,	quadratic,	cubic,	quartic,	and	quintic	for	the	highest	powers	being	1,	2,	3,	4,	and	5,	respectively.	Polynomial	functions	may	be	given	geometric	representation	by	means	of	analytic	geometry.	The	independent	variable	x	is	plotted	along	the	x-axis	(a	horizontal	line),	and	the	dependent	variable	y	is	plotted	along	the	y-axis	(a	vertical	line).	When
the	graph	of	a	relation	between	x	and	y	is	plotted	in	the	x-y	plane,	the	relation	is	a	function	if	a	vertical	line	always	passes	through	only	one	point	of	the	graphed	curve;	that	is,	there	would	be	only	one	point	f(x)	corresponding	to	each	x,	which	is	the	definition	of	a	function.	The	graph	of	the	function	then	consists	of	the	points	with	coordinates	(x,	y)
where	y	=	f(x).	For	example,	the	graph	of	the	cubic	equation	f(x)	=	x3	3x	+	2	is	shown	in	the	figure.	Graphs	of	some	trigonometric	functionsNote	that	each	of	these	functions	is	periodic.	Thus,	the	sine	and	cosine	functions	repeat	every	2,	and	the	tangent	and	cotangent	functions	repeat	every	.Another	common	type	of	function	that	has	been	studied
since	antiquity	is	the	trigonometric	functions,	such	as	sin	x	and	cos	x,	where	x	is	the	measure	of	an	angle	(see	figure).	Because	of	their	periodic	nature,	trigonometric	functions	are	often	used	to	model	behaviour	that	repeats,	or	cycles.	The	exponential	function	is	a	relation	of	the	form	y	=	ax,	with	the	independent	variable	x	ranging	over	the	entire	real
number	line	as	the	exponent	of	a	positive	number	a.	Probably	the	most	important	of	the	exponential	functions	is	y	=	ex,	sometimes	written	y	=	exp	(x),	in	which	e	(2.7182818)	is	the	base	of	the	natural	system	of	logarithms	(ln).	By	definition	x	is	a	logarithm,	and	there	is	thus	a	logarithmic	function	that	is	the	inverse	of	the	exponential	function.
Specifically,	if	y	=	ex,	then	x	=	ln	y.	Nonalgebraic	functions,	such	as	exponential	and	trigonometric	functions,	are	also	known	as	transcendental	functions.	point	in	the	complex	planeA	point	in	the	complex	plane.	Unlike	real	numbers,	which	can	be	located	by	a	single	signed	(positive	or	negative)	number	along	a	number	line,	complex	numbers	require	a
plane	with	two	axes,	one	axis	for	the	real	number	component	and	one	axis	for	the	imaginary	component.	Although	the	complex	plane	looks	like	the	ordinary	two-dimensional	plane,	where	each	point	is	determined	by	an	ordered	pair	of	real	numbers	(x,	y),	the	point	x	+	iy	is	a	single	number.Practical	applications	of	functions	whose	variables	are
complex	numbers	are	not	so	easy	to	illustrate,	but	they	are	nevertheless	very	extensive.	They	occur,	for	example,	in	electrical	engineering	and	aerodynamics.	If	the	complex	variable	is	represented	in	the	form	z	=	x	+	iy,	where	i	is	the	imaginary	unit	(the	square	root	of	1)	and	x	and	y	are	real	variables	(see	figure),	it	is	possible	to	split	the	complex
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covered	in	class.	Because	I	want	these	notes	to	provide	some	more	examples	for	you	to	read	through,	I	dont	always	work	the	same	problems	in	class	as	those	given	in	the	notes.	Likewise,	even	if	I	do	work	some	of	the	problems	in	here	I	may	work	fewer	problems	in	class	than	are	presented	here.	Sometimes	questions	in	class	will	lead	down	paths	that
are	not	covered	here.	I	try	to	anticipate	as	many	of	the	questions	as	possible	when	writing	these	up,	but	the	reality	is	that	I	cant	anticipate	all	the	questions.	Sometimes	a	very	good	question	gets	asked	in	class	that	leads	to	insights	that	Ive	not	included	here.	You	should	always	talk	to	someone	who	was	in	class	on	the	day	you	missed	and	compare	these
notes	to	their	notes	and	see	what	the	differences	are.	This	is	somewhat	related	to	the	previous	three	items,	but	is	important	enough	to	merit	its	own	item.	THESE	NOTES	ARE	NOT	A	SUBSTITUTE	FOR	ATTENDING	CLASS!!	Using	these	notes	as	a	substitute	for	class	is	liable	to	get	you	in	trouble.	As	already	noted	not	everything	in	these	notes	is
covered	in	class	and	often	material	or	insights	not	in	these	notes	is	covered	in	class.	Here	is	a	listing	(and	brief	description)	of	the	material	that	is	in	this	set	of	notes.	Preliminaries	-	In	this	chapter	we	will	do	a	quick	review	of	some	topics	that	are	absolutely	essential	to	being	successful	in	an	Algebra	class.	We	review	exponents	(integer	and	rational),
radicals,	polynomials,	factoring	polynomials,	rational	expressions	and	complex	numbers.	Integer	Exponents	In	this	section	we	will	start	looking	at	exponents.	We	will	give	the	basic	properties	of	exponents	and	illustrate	some	of	the	common	mistakes	students	make	in	working	with	exponents.	Examples	in	this	section	we	will	be	restricted	to	integer
exponents.	Rational	exponents	will	be	discussed	in	the	next	section.	Rational	Exponents	In	this	section	we	will	define	what	we	mean	by	a	rational	exponent	and	extend	the	properties	from	the	previous	section	to	rational	exponents.	We	will	also	discuss	how	to	evaluate	numbers	raised	to	a	rational	exponent.	Radicals	In	this	section	we	will	define	radical
notation	and	relate	radicals	to	rational	exponents.	We	will	also	give	the	properties	of	radicals	and	some	of	the	common	mistakes	students	often	make	with	radicals.	We	will	also	define	simplified	radical	form	and	show	how	to	rationalize	the	denominator.	Polynomials	In	this	section	we	will	introduce	the	basics	of	polynomials	a	topic	that	will	appear
throughout	this	course.	We	will	define	the	degree	of	a	polynomial	and	discuss	how	to	add,	subtract	and	multiply	polynomials.	Factoring	Polynomials	In	this	section	we	look	at	factoring	polynomials	a	topic	that	will	appear	in	pretty	much	every	chapter	in	this	course	and	so	is	vital	that	you	understand	it.	We	will	discuss	factoring	out	the	greatest	common
factor,	factoring	by	grouping,	factoring	quadratics	and	factoring	polynomials	with	degree	greater	than	2.	Rational	Expressions	In	this	section	we	will	define	rational	expressions.	We	will	discuss	how	to	reduce	a	rational	expression	lowest	terms	and	how	to	add,	subtract,	multiply	and	divide	rational	expressions.	Complex	Numbers	In	this	section	we	give
a	very	quick	primer	on	complex	numbers	including	standard	form,	adding,	subtracting,	multiplying	and	dividing	them.	Solving	Equations	and	Inequalities	-	In	this	chapter	we	will	look	at	one	of	the	most	important	topics	of	the	class.	The	ability	to	solve	equations	and	inequalities	is	vital	to	surviving	this	class	and	many	of	the	later	math	classes	you
might	take.	We	will	discuss	solving	linear	and	quadratic	equations	as	well	as	applications.	In	addition,	we	will	discuss	solving	polynomial	and	rational	inequalities	as	well	as	absolute	value	equations	and	inequalities.	Solutions	and	Solution	Sets	In	this	section	we	introduce	some	of	the	basic	notation	and	ideas	involved	in	solving	equations	and
inequalities.	We	define	solutions	for	equations	and	inequalities	and	solution	sets.	Linear	Equations	In	this	section	we	give	a	process	for	solving	linear	equations,	including	equations	with	rational	expressions,	and	we	illustrate	the	process	with	several	examples.	In	addition,	we	discuss	a	subtlety	involved	in	solving	equations	that	students	often	overlook.
Applications	of	Linear	Equations	In	this	section	we	discuss	a	process	for	solving	applications	in	general	although	we	will	focus	only	on	linear	equations	here.	We	will	work	applications	in	pricing,	distance/rate	problems,	work	rate	problems	and	mixing	problems.	Equations	With	More	Than	One	Variable	In	this	section	we	will	look	at	solving	equations
with	more	than	one	variable	in	them.	These	equations	will	have	multiple	variables	in	them	and	we	will	be	asked	to	solve	the	equation	for	one	of	the	variables.	This	is	something	that	we	will	be	asked	to	do	on	a	fairly	regular	basis.	Quadratic	Equations,	Part	I	In	this	section	we	will	start	looking	at	solving	quadratic	equations.	Specifically,	we	will	look	at
factoring	and	the	square	root	property	in	this	section.	Quadratic	Equations,	Part	II	In	this	section	we	will	continue	solving	quadratic	equations.	We	will	use	completing	the	square	to	solve	quadratic	equations	in	this	section	and	use	that	to	derive	the	quadratic	formula.	The	quadratic	formula	is	a	quick	way	that	will	allow	us	to	quickly	solve	any
quadratic	equation.	Quadratic	Equations	:	A	Summary	In	this	section	we	will	summarize	the	topics	from	the	last	two	sections.	We	will	give	a	procedure	for	determining	which	method	to	use	in	solving	quadratic	equations	and	we	will	define	the	discriminant	which	will	allow	us	to	quickly	determine	what	kind	of	solutions	we	will	get	from	solving	a
quadratic	equation.	Applications	of	Quadratic	Equations	In	this	section	we	will	revisit	some	of	the	applications	we	saw	in	the	linear	application	section,	only	this	time	they	will	involve	solving	a	quadratic	equation.	Included	are	examples	in	distance/rate	problems	and	work	rate	problems.	Equations	Reducible	to	Quadratic	Form	Not	all	equations	are	in
what	we	generally	consider	quadratic	equations.	However,	some	equations,	with	a	proper	substitution	can	be	turned	into	a	quadratic	equation.	These	types	of	equations	are	called	quadratic	in	form.	In	this	section	we	will	solve	this	type	of	equation.	Equations	with	Radicals	In	this	section	we	will	discuss	how	to	solve	equations	with	square	roots	in
them.	As	we	will	see	we	will	need	to	be	very	careful	with	the	potential	solutions	we	get	as	the	process	used	in	solving	these	equations	can	lead	to	values	that	are	not,	in	fact,	solutions	to	the	equation.	Linear	Inequalities	In	this	section	we	will	start	solving	inequalities.	We	will	concentrate	on	solving	linear	inequalities	in	this	section	(both	single	and
double	inequalities).	We	will	also	introduce	interval	notation.	Polynomial	Inequalities	In	this	section	we	will	continue	solving	inequalities.	However,	in	this	section	we	move	away	from	linear	inequalities	and	move	on	to	solving	inequalities	that	involve	polynomials	of	degree	at	least	2.	Rational	Inequalities	We	continue	solving	inequalities	in	this	section.
We	now	will	solve	inequalities	that	involve	rational	expressions,	although	as	well	see	the	process	here	is	pretty	much	identical	to	the	process	used	when	solving	inequalities	with	polynomials.	Absolute	Value	Equations	In	this	section	we	will	give	a	geometric	as	well	as	a	mathematical	definition	of	absolute	value.	We	will	then	proceed	to	solve	equations
that	involve	an	absolute	value.	We	will	also	work	an	example	that	involved	two	absolute	values.	Absolute	Value	Inequalities	In	this	final	section	of	the	Solving	chapter	we	will	solve	inequalities	that	involve	absolute	value.	As	we	will	see	the	process	for	solving	inequalities	with	a	\(\)	(i.e.	greater	than).	Graphing	and	Functions	-	In	this	chapter	well	look	at
two	very	important	topics	in	an	Algebra	class.	First,	we	will	start	discussing	graphing	equations	by	introducing	the	Cartesian	(or	Rectangular)	coordinates	system	and	illustrating	use	of	the	coordinate	system	to	graph	lines	and	circles.	We	will	also	formally	define	a	function	and	discuss	graph	functions	and	combining	functions.	We	will	also	discuss
inverse	functions.	Graphing	In	this	section	we	will	introduce	the	Cartesian	(or	Rectangular)	coordinate	system.	We	will	define/introduce	ordered	pairs,	coordinates,	quadrants,	and	x	and	y-intercepts.	We	will	illustrate	these	concepts	with	a	couple	of	quick	examples	Lines	In	this	section	we	will	discuss	graphing	lines.	We	will	introduce	the	concept	of
slope	and	discuss	how	to	find	it	from	two	points	on	the	line.	In	addition,	we	will	introduce	the	standard	form	of	the	line	as	well	as	the	point-slope	form	and	slope-intercept	form	of	the	line.	We	will	finish	off	the	section	with	a	discussion	on	parallel	and	perpendicular	lines.	Circles	In	this	section	we	discuss	graphing	circles.	We	introduce	the	standard
form	of	the	circle	and	show	how	to	use	completing	the	square	to	put	an	equation	of	a	circle	into	standard	form.	The	Definition	of	a	Function	In	this	section	we	will	formally	define	relations	and	functions.	We	also	give	a	working	definition	of	a	function	to	help	understand	just	what	a	function	is.	We	introduce	function	notation	and	work	several	examples
illustrating	how	it	works.	We	also	define	the	domain	and	range	of	a	function.	In	addition,	we	introduce	piecewise	functions	in	this	section.	Graphing	Functions	In	this	section	we	discuss	graphing	functions	including	several	examples	of	graphing	piecewise	functions.	Combining	functions	In	this	section	we	will	discuss	how	to	add,	subtract,	multiply	and
divide	functions.	In	addition,	we	introduce	the	concept	of	function	composition.	Inverse	Functions	In	this	section	we	define	one-to-one	and	inverse	functions.	We	also	discuss	a	process	we	can	use	to	find	an	inverse	function	and	verify	that	the	function	we	get	from	this	process	is,	in	fact,	an	inverse	function.	Common	Graphs	-	In	this	chapter	we	will	look
at	graphing	some	of	the	more	common	functions	you	might	be	asked	to	graph.	We	graph	parabolas,	ellipses,	hyperbolas	and	rational	functions	in	this	chapter.	We	will	also	look	at	transformations	of	functions	and	introduce	the	concept	of	symmetry.	Lines,	Circles	and	Piecewise	Functions	This	section	is	here	only	to	acknowledge	that	weve	already
talked	about	graphing	these	in	a	previous	chapter.	Parabolas	In	this	section	we	will	be	graphing	parabolas.	We	introduce	the	vertex	and	axis	of	symmetry	for	a	parabola	and	give	a	process	for	graphing	parabolas.	We	also	illustrate	how	to	use	completing	the	square	to	put	the	parabola	into	the	form	\(f(x)=a(x-h)^{2}+k\).	Ellipses	In	this	section	we	will
graph	ellipses.	We	introduce	the	standard	form	of	an	ellipse	and	how	to	use	it	to	quickly	graph	an	ellipse.	Hyperbolas	In	this	section	we	will	graph	hyperbolas.	We	introduce	the	standard	form	of	a	hyperbola	and	how	to	use	it	to	quickly	graph	a	hyperbola.	Miscellaneous	Functions	In	this	section	we	will	graph	a	couple	of	common	functions	that	dont
really	take	all	that	much	work	to	do	but	will	be	needed	in	later	sections.	Well	be	looking	at	the	constant	function,	square	root,	absolute	value	and	a	simple	cubic	function.	Transformations	In	this	section	we	will	be	looking	at	vertical	and	horizontal	shifts	of	graphs	as	well	as	reflections	of	graphs	about	the	\(x\)	and	\(y\)-axis.	Collectively	these	are	often
called	transformations	and	if	we	understand	them	they	can	often	be	used	to	allow	us	to	quickly	graph	some	fairly	complicated	functions.	Symmetry	In	this	section	we	introduce	the	idea	of	symmetry.	We	discuss	symmetry	about	the	x-axis,	y-axis	and	the	origin	and	we	give	methods	for	determining	what,	if	any	symmetry,	a	graph	will	have	without
having	to	actually	graph	the	function.	Rational	Functions	In	this	section	we	will	discuss	a	process	for	graphing	rational	functions.	We	will	also	introduce	the	ideas	of	vertical	and	horizontal	asymptotes	as	well	as	how	to	determine	if	the	graph	of	a	rational	function	will	have	them.	Polynomial	Functions	-	In	this	chapter	we	will	take	a	more	detailed	look	at
polynomial	functions.	We	will	discuss	dividing	polynomials,	finding	zeroes	of	polynomials	and	sketching	the	graph	of	polynomials.	We	will	also	look	at	partial	fractions	(even	though	this	doesnt	really	involve	polynomial	functions).	Dividing	Polynomials	In	this	section	well	review	some	of	the	basics	of	dividing	polynomials.	We	will	define	the	remainder
and	divisor	used	in	the	division	process	and	introduce	the	idea	of	synthetic	division.	We	will	also	give	the	Division	Algorithm.	Zeroes/Roots	of	Polynomials	In	this	section	well	define	the	zero	or	root	of	a	polynomial	and	whether	or	not	it	is	a	simple	root	or	has	multiplicity	\(k\).	We	will	also	give	the	Fundamental	Theorem	of	Algebra	and	The	Factor
Theorem	as	well	as	a	couple	of	other	useful	Facts.	Graphing	Polynomials	In	this	section	we	will	give	a	process	that	will	allow	us	to	get	a	rough	sketch	of	the	graph	of	some	polynomials.	We	discuss	how	to	determine	the	behavior	of	the	graph	at	\(x\)-intercepts	and	the	leading	coefficient	test	to	determine	the	behavior	of	the	graph	as	we	allow	x	to
increase	and	decrease	without	bound.	Finding	Zeroes	of	Polynomials	As	we	saw	in	the	previous	section	in	order	to	sketch	the	graph	of	a	polynomial	we	need	to	know	what	its	zeroes	are.	However,	if	we	are	not	able	to	factor	the	polynomial	we	are	unable	to	do	that	process.	So,	in	this	section	well	look	at	a	process	using	the	Rational	Root	Theorem	that
will	allow	us	to	find	some	of	the	zeroes	of	a	polynomial	and	in	special	cases	all	of	the	zeroes.	Partial	Fractions	In	this	section	we	will	take	a	look	at	the	process	of	partial	fractions	and	finding	the	partial	fraction	decomposition	of	a	rational	expression.	What	we	will	be	asking	here	is	what	smaller	rational	expressions	did	we	add	and/or	subtract	to	get	the
given	rational	expression.	This	is	a	process	that	has	a	lot	of	uses	in	some	later	math	classes.	It	can	show	up	in	Calculus	and	Differential	Equations	for	example.	Exponential	and	Logarithm	Functions	-	In	this	chapter	we	will	introduce	two	very	important	functions	in	many	areas	:	the	exponential	and	logarithm	functions.	We	will	look	at	their	basic
properties,	applications	and	solving	equations	involving	the	two	functions.	If	you	are	in	a	field	that	takes	you	into	the	sciences	or	engineering	then	you	will	be	running	into	both	of	these	functions.	Exponential	Functions	In	this	section	we	will	introduce	exponential	functions.	We	will	give	some	of	the	basic	properties	and	graphs	of	exponential	functions.
We	will	also	discuss	what	many	people	consider	to	be	the	exponential	function,	\(f(x)	=	{\bf	e}^{x}\).	Logarithm	Functions	In	this	section	we	will	introduce	logarithm	functions.	We	give	the	basic	properties	and	graphs	of	logarithm	functions.	In	addition,	we	discuss	how	to	evaluate	some	basic	logarithms	including	the	use	of	the	change	of	base	formula.
We	will	also	discuss	the	common	logarithm,	\(\log(x)\),	and	the	natural	logarithm,	\(\ln(x)\).	Solving	Exponential	Equations	In	this	section	we	will	discuss	a	couple	of	methods	for	solving	equations	that	contain	exponentials.	Solving	Logarithm	Equations	In	this	section	we	will	discuss	a	couple	of	methods	for	solving	equations	that	contain	logarithms.
Also,	as	well	see,	with	one	of	the	methods	we	will	need	to	be	careful	of	the	results	of	the	method	as	it	is	always	possible	that	the	method	gives	values	that	are,	in	fact,	not	solutions	to	the	equation.	Applications	In	this	section	we	will	look	at	a	couple	of	applications	of	exponential	functions	and	an	application	of	logarithms.	We	look	at	compound	interest,
exponential	growth	and	decay	and	earthquake	intensity.	Systems	of	Equations	-	In	this	chapter	we	will	take	a	look	at	solving	systems	of	equations.	We	will	solve	linear	as	well	as	nonlinear	systems	of	equations.	We	will	also	take	a	quick	look	at	using	augmented	matrices	to	solve	linear	systems	of	equations.	Linear	Systems	with	Two	Variables	In	this
section	we	will	solve	systems	of	two	equations	and	two	variables.	We	will	use	the	method	of	substitution	and	method	of	elimination	to	solve	the	systems	in	this	section.	We	will	also	introduce	the	concepts	of	inconsistent	systems	of	equations	and	dependent	systems	of	equations.	Linear	Systems	with	Three	Variables	In	this	section	we	will	work	a	couple
of	quick	examples	illustrating	how	to	use	the	method	of	substitution	and	method	of	elimination	introduced	in	the	previous	section	as	they	apply	to	systems	of	three	equations.	Augmented	Matrices	In	this	section	we	will	look	at	another	method	for	solving	systems.	We	will	introduce	the	concept	of	an	augmented	matrix.	This	will	allow	us	to	use	the
method	of	Gauss-Jordan	elimination	to	solve	systems	of	equations.	We	will	use	the	method	with	systems	of	two	equations	and	systems	of	three	equations.	More	on	the	Augmented	Matrix	In	this	section	we	will	revisit	the	cases	of	inconsistent	and	dependent	solutions	to	systems	and	how	to	identify	them	using	the	augmented	matrix	method.	Nonlinear
Systems	In	this	section	we	will	take	a	quick	look	at	solving	nonlinear	systems	of	equations.	A	nonlinear	system	of	equations	is	a	system	in	which	at	least	one	of	the	equations	is	not	linear,	i.e.	has	degree	of	two	or	more.	Note	as	well	that	the	discussion	here	does	not	cover	all	the	possible	solution	methods	for	nonlinear	systems.	Solving	nonlinear
systems	is	often	a	much	more	involved	process	than	solving	linear	systems.	Functions	are	the	fundamental	part	of	the	calculus	in	mathematics.	The	functions	are	the	special	types	of	relations.	A	function	in	math	is	visualized	as	a	rule,	which	gives	a	unique	output	for	every	input	x.	Mapping	or	transformation	is	used	to	denote	a	function	in	math.	These
functions	are	usually	denoted	by	letters	such	as	f,	g,	and	h.	The	domain	is	defined	as	the	set	of	all	the	values	that	the	function	can	input	while	it	can	be	defined.	The	range	is	all	the	values	that	come	out	as	the	output	of	the	function	involved.	Co-domain	is	the	set	of	values	that	have	the	potential	of	coming	out	as	outputs	of	a	function.	Let	us	explore	the
world	of	functions	in	math.	What	Are	Functions?	A	function	is	a	process	or	a	relation	that	associates	each	element	'a'	of	a	non-empty	set	A	,	at	least	to	a	single	element	'b'	of	another	non-empty	set	B.	A	relation	f	from	a	set	A	(the	domain	of	the	function)	to	another	set	B	(the	co-domain	of	the	function)	is	called	a	function	in	math.	f	=	{(a,b)|	for	all	a	A,	b
B}A	relation	is	said	to	be	a	function	if	every	element	of	set	A	has	one	and	only	one	image	in	set	B.A	function	is	a	relation	from	a	non-empty	set	B	such	that	the	domain	of	a	function	is	A	and	no	two	distinct	ordered	pairs	in	f	have	the	same	first	element.A	function	from	A	B	and	(a,b)	f,	then	f(a)	=	b,	where	'b'	is	the	image	of	'a'	under	'f'	and	'a'	is	the
preimage	of	'b'	under	'f'.If	there	exists	a	function	f:	A	B,	the	set	A	is	called	the	domain	of	the	function	f,	and	the	set	B	is	called	its	co-domain.Examples	of	FunctionsWhenever	we	say	that	a	variable	quantity	y	is	a	function	of	a	variable	quantity	x,	we	mean	to	say	that:	y	depends	on	x;	the	value	of	y	is	determined	by	the	value	of	x.	We	can	write	this
dependence	as	follows:y	=	f	(x)The	area	of	a	circle	can	be	expressed	in	terms	of	its	radius	A	=	r2.	Area	A	is	dependent	on	the	radius	r.	In	the	language	of	functions	in	math,	we	say	that	A	is	a	function	of	r.The	volume	V	of	a	sphere	is	a	function	of	its	radius.	The	dependence	of	V	on	r	is	given	by	V	=4/3	r3.The	acceleration	a	of	a	body	of	fixed	mass	m	is	a
function	of	the	force	F	applied	on	the	body:	a	=	F/m.The	power	P	dissipated	in	a	resistor	of	fixed	resistance	R	is	a	function	of	the	current	I	passing	through	the	resistor:	\(P	=	{I^2}R\).Suppose	that	a	taxi	charges	a	down	payment	of	$10,	and	subsequently,	$	2	for	every	mile	traveled.	The	taxi	fare	F	is	a	function	of	the	distance	d	traveled,	and	the
dependence	between	the	two	quantities	is	given	by	F	=	10	+	2d(F	is	in	dollars	and	d	is	in	miles).Representation	of	Functions	in	Math	The	rule	which	specifies	a	function	can	come	in	many	different	forms	based	on	how	it	is	defined.	They	can	be	defined	as	piecewise-defined-functions	or	as	formulas.	When	we	define	f(x)	=	x,	for	x	0,	then	the	inputs	are
the	numbers	that	we	provide	and	the	'taking	square	root'	function	accepts	all	non-negative	real	numbers	and	gets	the	output	as	f(x).	Most	often	it	is	a	formula,	as	in\(\begin{equation*}	g(x)	=	\begin{cases}	2x	&	x	<	0\\	x^2	&	x	\geq	0\\	\end{cases}	\end{equation*}\)where	the	domain	of	g	=	all	real	numbersA	function	in	math	can	be	represented	as:a
set	of	ordered	pairsan	arrow	diagrama	table	forma	graphical	form	"f(x)	=	x2	"	is	the	general	manner	to	represent	a	function.	It	is	said	as	f	of	x	is	equal	to	x	square.	This	is	represented	as	f	=	{(1,1),	(2,4),	(3,9)}.	The	domain	and	range	of	a	functionis	given	as	D=	{1,	2,	3},	R={1,4,	9}.	Here	is	a	representation	of	a	function	in	math	as	an	ordered	pair.	A
function	in	math	means	a	correspondence	from	one	value	x	of	the	first	set	to	another	value	y	of	the	second	set.	This	correspondence	can	be	of	the	following	four	types.	But	every	correspondence	is	not	a	function.In	the	example	below,	only	1	1	and	many	to	one	are	examples	of	a	function	because	no	two	ordered	pairs	have	the	same	first	component	and
all	elements	of	the	first	set	are	linked	in	them.	So	we	say	that	in	a	function	one	input	can	result	in	only	one	output.	If	we	are	given	any	x	then	there	is	one	and	only	one	y	that	can	be	paired	with	that	x.	A	function	cannot	be	associated	with	two	outputs.A	curve	drawn	in	a	graph	is	represented	as	a	function,	then	every	vertical	line	intersects	the	curve	in
at	most	one	point.	This	vertical	line	test	helps	us	in	determining	whether	the	curve	is	a	function	or	not.Types	of	Functions	Functions	in	math	have	paramount	importance	and	let	us	study	different	types	of	functions.	We	have	four	functions	based	on	the	mapping	of	elements	from	set	A	to	set	B.f:	A	B	is	said	to	be	one-to-one	or	injective,	if	the	images	of
distinct	elements	of	A	under	f	are	distinct,	i.e,	for	every	a,	b	in	A,	f(a)	=	f(b),	a	=	b.	Otherwise,	it	is	many-to-one.f:	A	B	is	said	to	be	onto,	if	every	element	of	B	is	the	image	of	some	element	of	A	under	f,	i.e,	for	every	b	B,	there	exists	an	element	a	in	A	such	that	f(a)	=	b.	A	function	is	onto	if	and	only	if	the	range	of	the	function	=	B.f:	A	B	is	said	to	be	one-
to-one	and	onto	or	bijective,	if	f	is	both	one-one	and	onto.Composition	of	Functions	Let	f	:	A	B	and	g:	B	C	be	two	functions.	Then	the	composition	of	f	and	g	is	denoted	as	f(g)	and	it	is	defined	as	the	function	f	\(\circ\)	g	=	f(g(x))	for	x	A.	Let	us	consider	an	example	of	two	functions	f(x)	and	g(x).	Let	f(x)	=	(x+1)	and	g(x)	=	x2.	Then	f	\(\circ\)	g	=	f(x2)f(x2)
=	x2	+	1g	\(\circ\)	f	=	g(f(x))g(f(x))	=	g((x+1))=	(x+1)2	=	x2+	2x	+	1Thus	we	can	conclude	that	the	composition	of	functions	is	not	commutative.	f	\(\circ\)	g	g	\(\circ\)	fAlgebra	of	FunctionsThe	algebra	of	functions	deals	with	the	operations	of	functions.	For	the	functions	f(x)	and	g(x),	where	f:	X	R	and	g:	X	R,	where	x	X,	we	have:(f+g)	(x)	=	f(x)	+	g(x)(f-
g)	(x)	=	f(x)	-	g(x)(f.g)	(x)	=	f(x)	.g(x)(k	f(x))	=	k	(f(x)),	where	k	is	a	real	number(f/g)(x)	=	f(x)	/g(x),	where	g(x)	0Graphing	Functions	The	various	types	of	functions	are	identity	function,	constant	function,	quadratic	function,	cubic	function,	cube	root	function,	rational	function,	modulus	function,	and	so	on.	Graphing	functions	is	done	by	placing	the
independent	variable	on	the	x-axis	and	the	dependent	variable	on	the	y-axis	and	plotting	the	points	with	coordinates	(x,y)	in	the	cartesian	plane.	All	the	points	on	the	graph	satisfy	the	equation	y	=	f(x).The	identity	function	is	the	type	of	function	which	gives	the	same	input	as	the	output.	It	is	expressed	as,	f(x)	=	x,	where	x	R.	For	example,	f(3)	=	3	is	an
identity	function.A	constant	function	is	the	type	of	function	which	gives	the	same	value	of	output	for	any	given	input.	It	is	expressed	as,	f(x)	=	c,	where	c	is	a	constant.	For	example,	f(x)	=	2	is	a	constant	function.A	Polynomial	function	is	a	type	of	function	which	can	be	expressed	as	a	polynomial.	It	is	expressed	as,\(f(x)	=	a_{n}x^{n}	+	a_{n-1}x^{n-1}
+.......	+	a_{0}x^{0}	\).	For	example,	f(x)	=	2x+5	is	a	polynomial	function.	f(x)=	x3	-	6x2+	11x	-	6A	Quadratic	function	is	a	type	of	function	which	has	the	highest	power	2	in	the	polynomial	function.	It	is	expressed	as,f(x)=a(x-h)2+k.	For	example,	f(x)	=	x2	+	1	is	a	quadratic	function.	The	following	figure	shows	the	plot	of	a	quadratic	function.A	cubic
function	is	a	type	of	function	which	has	the	highest	power	3	in	the	polynomial	function.It	is	expressed	as,	f(x)	=	ax3	+	bx2	+	cx	+	d,	where	a,	b,	c,	d	are	constants.	For	example,	f(x)	=	x3	+	4	is	a	cubic	function.	The	following	figure	shows	the	plot	of	a	cubic	function.A	Rational	function	is	a	type	of	function	which	is	derived	from	the	ratio	of	two
polynomial	functions.	It	is	expressed	as,	f(x)	=	P(x)/Q(x),	such	that	P	and	Q	are	polynomial	functions	of	x	and	Q(x)	0.	For	example,	\(f(x)	=	\frac{x^2	+	2x	+	1}{x^2	-	4}\)	is	a	rational	function.Modulus	function	is	a	type	of	function	which	gives	the	absolute	value	of	a	number	by	giving	its	magnitude.	It	is	expressed	as,	f(x)	=	|x|	It	can	further	be	defined
as:\(\begin{equation*}	f(x)	=	\begin{cases}	x	&	x	\geq	0\\	-x	&	x	<	0\\	\end{cases}	\end{equation*}\)Important	NotesA	function	in	math	means	a	correspondence	from	one	value	x	of	the	first	set	A	to	another	value	y	of	the	second	set	B.	It	relates	inputs	to	outputs.Functions	in	maths	are	the	subsets	of	relations.If	A	and	B	are	finite	sets	such	that	n(A)	=
p	and	n(B)	=q,	then	the	total	number	of	functions	that	exist	from	A	B	is	qpSpecial	Rules:	a)	A	function	must	work	for	all	the	possible	input	values	b)	With	each	input	value,	it	must	have	one	relationship	only.	c)	every	element	in	the	domain	of	'f'	has	only	an	image.Let	us	have	a	look	at	solved	examples	to	know	what	are	functions	in	math.	Also	Check:
Example	1:	Given	two	functions	f	and	g	as,	f	(x)	=	(x	-	2)	and	g	(x)	=	ln(	1	+	x	2).	Find	the	composite	function	(g	\(\circ\)	f	)(	x	).Solution:Given:	functions	f(x)	and	g(x).(g	\(\circ\)	f	)(	x	)	=	g	(	f	(x))Since	f	(x)	=(x	-	2),	substituting	x	=	f	(x),	we	get,(g	(	f	(x))	=	ln(	1+	f	(x)2)=	ln(	1	+(x	-	2)	2)=	ln(1	+	(	x	-	2	))=	ln((x	-	1))	(g	\(\circ\)	f	)(	x	)	=	ln(x	-	1)Example	2:
The	length	of	a	rectangle	is	twice	that	of	its	breadth.	Express	the	area	of	the	rectangle	as	a	function	of	its	(i)	length	(ii)	diagonal	length.	Solution:(i)	In	terms	of	the	length	l,the	area	A	isA	=	f(l	)	=	l	l/2=	l2/2(ii)	The	diagonal	length	d	is	given	bed2=	l2+	l2/4=	5l2/4Thus,l	=2d/5,	b	=	l/2=d/5Now,	the	area	A	can	be	expressed	as	a	function	of	d,	as	follows:A
=	g(	d)	=	lb	=	2d/5	d/5	=2d2/5Answer:	Area	as	a	function	of	length	=l2/2	and	Area	as	a	function	of	diagonal	length=2d2/5Example	3:	A	cone	has	a	variable	height	h	and	a	variable	base	radius	r,	but	the	sum	of	h	and	r	is	fixed.	The	cone	is	made	of	a	material	of	density	\(\rho	\).	Express	the	mass	mof	the	cone	as	a	function	of	its	height	h.Solution:The
volume	V	of	a	cone	is	given	by:V	=	1/3	r2hLet	the	(fixed)	sum	of	h	and	rbe	k.	Thus,	r	=	k	-	h,	and	so:V	=	1/3	h(k-h)2The	mass	of	the	cone	can	now	we	expressed	as	a	function	of	h;	m	will	be	times	the	volume	V:m	=	f(h)	=	Vm	=	1/3	h(k-h)2Answer:	m	=	1/3	h(k-h)2	is	the	required	function	definition.View	More	>go	to	slidego	to	slidego	to	slideBreakdown
tough	concepts	through	simple	visuals.Math	will	no	longer	be	a	tough	subject,	especially	when	you	understand	the	concepts	through	visualizations.Book	a	Free	Trial	ClassFAQs	on	Functions	in	Math	A	relation	f	from	a	set	A	(the	domain	of	the	function)	to	another	set	B	(the	co-domain	of	the	function)	is	called	a	function	in	math.What	are	Parts	of	a
Function?The	three	basic	concepts	that	help	define	any	function	are	domain,	range,	and	co-domain.	The	domain	is	defined	as	the	set	of	all	the	values	that	the	function	can	input	while	it	can	be	defined.	The	range	is	all	the	values	that	come	out	as	the	output	of	the	function	involved.	Co-domain	is	the	set	of	values	that	have	the	potential	of	coming	out	as
outputs	of	a	function.How	Do	You	Write	a	Function	in	Math?A	function	is	a	process	or	a	relation	that	associates	each	element	'a'	of	a	set	A	,	to	a	single	element	'b'	of	another	set	B.	The	function	is	represented	as	f:	A	B.	"f(x)	=	x2"	is	the	general	manner	to	represent	a	function.	For	every	x	as	the	input	value,	the	function	of	squaring	is	done	and	the
output	gets	generated.What	is	The	Basic	Concept	of	Function	in	Math?A	relation	is	said	to	be	a	function	if	every	element	of	set	A	has	one	and	only	one	image	in	set	B.	The	function	must	work	for	all	the	possible	input	values	and	with	each	input	value,	it	must	have	one	relationship	only.	A	function	is	a	relation	from	a	non-empty	set	B	such	that	the
domain	of	a	function	is	A	and	no	two	distinct	ordered	pairs	in	f	have	the	same	first	element.How	to	do	Transformations	of	Functions?The	different	transformations	are	reflection,	translation,	rotation,	and	dilation.	Follow	the	rules	of	the	different	transformations	to	find	the	transformations	of	functions.	For	example,	f(x+c)	horizontally	shifts	the	graph
of	f(x)	left	by	c	units.How	to	Solve	Cubic	Functions	Using	the	Factor	Theorem?If	f(x)	=	ax3	+	bx2	+	cx	+d,	and	f(p)	=	0,	then	x-p	is	a	factor	of	this	cubic	function	in	math.What	is	a	Rational	Function?A	rational	function	is	an	algebraic	fraction	with	numerator	and	denominator	as	polynomials	and	the	denominator	is	not	equal	to	zero.	The	coefficients	of
the	polynomials	need	not	be	rational	numbers.	An	example	of	a	rational	function:	f(x)	=	2x/	(x+1)How	to	Find	the	Domain	of	a	Rational	Function?The	domain	of	a	rational	function	consists	of	all	the	real	numbers	x	except	those	for	which	the	denominator	is	0.	To	find	these	x	values	to	be	excluded	from	the	domain	of	a	rational	function,	equate	the
denominator	to	zero	and	solve	for	x.	For	example,	f(y)	=	y/(y2-25)	is	a	rational	function.	f(y)	=	y/[(y+5)(y-5)].	Equating,	the	denominator	to	zero,	we	get	the	expression	to	be	undefined	for	y	=	-5	and	y	=5.	Thus	the	excluded	values	are	5,	-5.How	do	You	Prove	That	a	Function	is	Onto?A	function	is	onto	function	if	and	only	if	the	range	is	equal	to	the	co-
domain.What	is	the	General	Form	of	a	Quadratic	Function?The	general	form	of	a	quadratic	function	is	f(x)=ax2+bx+c,	where	a	0.What	Are	Some	Examples	of	Functions	in	Math?The	number	of	sodas	coming	out	of	a	vending	machine	depending	on	how	much	money	you	insert.The	amount	of	carbon	left	in	a	fossil	after	a	certain	number	of	years.The
salary	of	a	person	is	a	function	of	the	number	of	hours	worked	by	that	person.The	area	of	a	square	is	a	function	of	the	length	of	its	side.	A	=	a2,	where	a	is	the	length	of	the	side.

What	is	a	capsule	in	a	bacterial	cell.	What	is	the	function	of	the	slime	capsule	in	a	bacterial	cell.	What	does	the	capsule	do	in	a	bacterial	cell.	What	is	the	role	of	capsule	in	bacteria.	What	is	the	function	of	a
bacterium's	capsule.
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