SUPPLEMENT 2A

his odd-looking he dge r provides the user with virtu | world. (credit: fill/ ix vy)

ntroduction

m ginevisiting f r w ycity or even outer sp ce from the comfort of your living room. tcould e possi le using virtu |

re lity. his technology cre tes re listic im ges th t m ke you feel s if you re truly immersed in the scene nd even
en leyou tointer ct with them. tis eing developed for fun pplic tions, such svideog mes, ut Iso for rchitects
to pl n uildings, ¢ rcomp nies to design prototypes, the milit ry to tr in, nd medic | studentstole rn.

eveloping virtu | re lity devicesrequires modeling the environment using gr phs nd m them tic Irel tionships. n
this ch pter, you will gr ph different rel tionships nd le rn w ys to descri e nd n lyze gr phs. You will learn to
identify the domain and range of a function.You will also learn how to perform function composition and how to find the
inverse of a one-to-one function.



Chapter Functions

Relations and unctions

earning Objectives

yth n ofthiss tion, you will | to:

ind thedom in ndr ngeof rel tion
etermineif rel tionis function
ind the v lue of function

e Prepared!

efore you get st rted, t ke thisre diness quiz.

1. v iu te3x —5whenx=-2.

2. v lute2x®*—x—3whenx=ua.

3. implify: 7x — 1 —4x + 5.

in th om in n ng of | tion

swego outourd ilylivess weh vem nyd t itemsor qu ntitiesth t rep ired to our n mes. ur soci | security
num er, student num er, em il ddress, phone num er nd our irthd y re m tched to our n me. here is
rel tionship etweenourn me nde ch of those items.

hen your professor gets her cl ss roster, the n mes of [l the studentsinthecl ss re listed in one column nd then the
student  num eris likely to e in the next column. f we think of the correspondence s set of ordered p irs, where
the first elementis studentn me ndthe second elementisth tstudent’'s num er,wec llthis r | tion.

(Student name, Student ID #)

he set of Il the n mes of the students in the cl ssis c lled the om in of the rel tion nd the set of Il student
num ers p ired with these students is the r nge of the rel tion.

here re m ny simil r situ tions where one v ri leis p ired or m tched with nother. he set of ordered p irs th t
records this m tchingis rel tion.

Relation

r | tionis ny set of ordered p irs, (x, ¥). |l the x-v lues in the ordered p irs together m ke up the om in. ||

the y-v luesin the ordered p irs together m keupther ng .

3.42
ortherel tion {(1, 1), (2, 4), (3, 9), (4, 16), (5, 25)} :

® ind the dom in of the rel tion.

® indther nge of the rel tion.

olution
{(1, D, 2,4, 3,9), 4, 16), (5, 25)}
@ hedom inisthe setof Il x-v lues of the rel tion. {1,2,3,4,5}
® her nge is the set of Il y-v lues of the rel tion. {1, 4,9, 16, 25}

This OpenStax book is available for free at http cnx org content col



Chapter Functions

o ortherel tion {(1, 1), (2, 8), (3, 27), (4, 64), (5, 125)} :

® ind the dom in of the rel tion.

® indther nge of the rel tion.

S or therel tion {(1, 3), (2, 6), (3, 9), (4, 12), (5, 15)} :

® ind the dom in of the rel tion.

® indther nge of the rel tion.

apping

m pping is sometimes used to show rel tion. he rrows show the p iring of the elements of the dom in with
the elements of the r nge.

343

se the m pping of the rel tion shown to @ list the ordered p irs of therel tion, ® find the dom in of the rel tion, nd

© find the r nge of the rel tion.

Name Birthday
Alison o
Penelope N January 12
June February 3
Gregory\ April 25
Geoffrey > May 10
Lauren — May 23
Stephen July 24
Alice 7 August 2
Lzt=—ca] September 15
Danny =

©  olution

® he rrow shows the m tching of the person to their irthd y. e cre te ordered p irs with the person’sn me s the
x-v lue ndtheir irthd y sthey-v lue.

{( lison, pril 25), ( enelope, y23),(une, ugust2),( regory, eptem er15),( eoffrey, nu ry12),( uren, y10),
( tephen, uly 24), ( lice, e ru ry3),( iz, ugust2),( nny, uly24)}

® hedom inisthe setof Il x-v lues of the rel tion.
{ lison, enelope, une, regory, eoffrey, uren, tephen, lice, iz, nny}

© her ngeisthesetof Ily-v luesof therel tion.

{ nury12, e rury3, pril25 y10, y23, uly24, ugust2, eptem er 15}




©find the r nge of the rel tion.

se the m pping of the rel tion shown to ® list the ordered p irsoftherel tion ® find the dom in of the rel tion

Name
Khan Nguyen ~|
Abigail Brown—|
Sumantha Mishal

Jose Hernandez -

©find ther nge of the rel tion.

sethem pping of the rel tion shown to ® list the ordered p irs of the rel tion ® find the dom in of the rel tion

Name
Maria =
Armando—

Cynthia —_
Kelly =
Rachel = |

gr phisyet notherw yth t
rel tion.

Chapter Functions

Student ID#
ab56781
jha7983
kn68413
sm32479

Birthday
January 18

March 15
November 6

December 8

rel tion c n e represented. he set of ordered p irs of Il the points plotted is the
he set of Il x-coordin tes is the dom in of the rel tion nd the set of Il y-coordin tes is the r nge.

we write the num ersin scending order for oth thedom in ndr nge.

3.44

sethe gr ph of the rel tion to @ list the ordered p irs of the rel tion ® find the dom in of the rel tion © find the r nge

of the rel tion.

©  olution

@ he ordered p irs of therel tion re:
® hedom inisthesetof Ilx-v lues of the rel tion:
otice th twhile —3 repe ts, itis only listed once.

© her ngeisthesetof Ily-v luesof therel tion:

otice th twhile —2 repe ts, itis only listed once.

{(17 5)7 (_3’ _1)7 (47 _2)’ (O’ 3)’ (2’ _2)9 (_3’ 4)}

{_37 0’ 17 2’ 4}'

{_23 _1, 39 43 5}
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se the gr ph of the rel tion to ® list the ordered p irs of the rel tion ® find the dom in of the rel tion © find
the r nge of the rel tion.

se the gr ph of the rel tion to ® list the ordered p irs of the rel tion ® find the dom in of the rel tion © find
the r nge of the rel tion.

t rmin if | tionis un tion

speci | type ofrel tion,c lled fun tion, occurs extensivelyinm them tics. functionis rel tionth t ssignstoe ch
element in its dom in ex ctly one element in the r nge. or e ch ordered p ir in the rel tion, e ch x-v lue is m tched
with only one y-v lue.

unction

fun tionis rel tionth t ssignstoe chelementinitsdom inex ctly one elementin ther nge.

he irthd y ex mple from x mpl 3.43 helps us underst nd this definition. very personh s irthd y ut no one

h stwo irthd ys. tis ok y for two peopletosh re irthd y. tisok yth t nny nd tephensh re uly 24™ s their
irthd y ndth t une nd izsh re ugust2"d. incee chpersonh sex ctlyone irthd y,therel tionin x mpl 3.43
is function.

he rel tion shown ythe gr phin x mpl 3.44 includes the ordered p irs (=3, —1) nd (=3, 4). sth tok yin
function? o, sthisis like one person h ving two different irthd ys.

se the set of ordered p irs to (i) determine whether the rel tionis function (ii) find the dom in of the rel tion (iii) find
the r nge of the rel tion.

® {(=3, 27), (=2, 8), (=1, 1), (0, 0), (1, 1), (2, 8), (3, 27)}
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@ {(9’ _3)7 (47 _2)’ (1’ _1)7 (07 0)7 (17 1)7 (4’ 2)9 (9’ 3)}
©  olution
@ {(=3,27), (=2, 8), (=1, 1), (0, 0), (1, 1), (2, 8), (3, 27)}

(i) chx-v lueism tched with only one y-v lue. o thisrel tionis function.

(ii) hedom inisthesetof Il x-v luesintherel tion.
he dom inis: {-3, -2, —1, 0, 1, 2, 3}.

(iii) her ngeisthesetof Ily-v luesintherel tion. otice we do notlistr ngev lues twice.
her ngeis: {27, 8, 1, 0}.

@ {(9’ _3)7 (47 _2)’ (1’ _1)7 (07 0)7 (17 1)’ (4’ 2)9 (99 3)}

(i) hex-v lue9is m tched with two y-v lues, oth3 nd —3. othisrel tionisnot function.

(i) hedom inisthesetof Ilx-v luesinthe rel tion. otice we do not list dom inv lues twice.
he dom inis: {0, 1, 2, 4, 9}.

(iii) her ngeisthesetof Ily-v luesintherel tion.
her ngeis: {-3, -2, -1, 0, 1, 2, 3}.

se the set of ordered p irs to (i) determine whether the rel tionis function (ii) find the dom in of the rel tion
(iii) find the r nge of the function.

@ {(=3, =6), (=2, —4), (=1, =2), (0, 0), (1, 2), (2, 4), (3, 6)}

® {(8, —4), (4, =2), (2, —=1), (0, 0), (2, 1), (4, 2), (8, 4)}

se the set of ordered p irs to (i) determine whether the rel tionis function (ii) find the dom in of the rel tion
(iii) find the r nge of the rel tion.

® {(27, -3), (8, =2), (1, =1), (0, 0), (1, 1), (8, 2), (27, 3)}

® {(7, -3), (=5, —4), (8, =0), (0, 0), (=6, 4), (=2, 2), (-1, 3)}

3.46

se them ppingto @ determine whether the rel tionis function ® find the dom in of the rel tion © find the r nge of
the rel tion.

Name Phone Number
Lydia ~ g 321-549-3327 home
Eugene [~ 427-658-2314 cell

Janet —--""'><: 321-964-7324 cell

Rick~_| 684-358-7961 home
Marty _ﬁ% 684-369-7231 cell
798-367-8541 cell

@ oth ydi nd rtyh vetwo phonenum ers. oe chx-v lueis not m tched with only one y-v lue. o thisrel tion
is not function.

©  olution

® hedom inisthesetof llx-v luesintherel tion. hedom inis: { ydi , ugene, net, ick, rty}
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© her nge is the set of Il y-v luesintherel tion. her ngeis:

{321-549-3327, 427-658-2314, 321-964-7324, 684-358-7961, 684-369-7231, 798-367-8541}

se the m pping to ® determine whether the rel tionis function ® find the dom in of the rel tion © find the
r nge of the rel tion.

Network Program
/.- Ellen Degeneres Show
NBC ==—F———— | aw and Order
Tonight Show

/ Property Brothers

HGTV ===—————— House Hunters

\ Love It or List It
/ Game of Thrones

HBO m==—f—————— True Detective

Sesame Street

se the m pping to ® determine whether the rel tionis function ® find the dom in of the rel tion © find the
r nge of the rel tion.

Name Phone Number

Neal . 123-567-4839 work
Krystal \ 231-378-5941 cell
Kelvin — 753-469-9731 cell

George < 567-534-2970 work
Christa — 684-369-7231 cell
Mike <] 798-367-8541 cell
639-847-6971 cell

n Ige r , more often th n not, functions will e represented y n equ tion. tis e siest to see if the equ tion is
function when it is solved for y. fe chv lue of xresults in only one v lue of y, then the equ tion defines function.

etermine whether e ch equ tionis function.
@ 2x+y=7® y=x2+1 ©x+y2=3
©  olution
@ 2x+y=7

ore chv lueof x, we multiplyit y —2 ndthen dd 7 to getthe y-v lue

y=-2x+7
orex mple,if x=3: y=-23+47

y=1
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eh veth twhen x =3, then y=1. twould work simil rly for nyv lue of x. ince e chv lue of x, corresponds to
only one v lue of y the equ tion defines function.

® y=x2+1
ore chv lueof x, wesqu reit ndthen dd1togetthey-v lue.
y=x+1

orex mple, if x=2: y=22+1

y=5

eh veth twhen x =2, then y=15. twould work simil rly for nyv lue of x. ince e chv lue of x, corresponds to
only one v lue of y the equ tion defines function.

©
X+y=3
sol te the y term. Y=-x+3
et’s su stitute x = 2. yY=-2+3
y=1

his giveustwov luesfory. y=1y=-1

eh veshownth twhen x=2, then y=1 nd y=—1. twould work simil rly for nyv lueofx. incee chv lue
of x does not corresponds to only one v lue of y the equ tion does not define function.

e etermine whether e ch equ tionis function.
@4x+y=-3® x+y’=10© y—x*=2

5 etermine whether e ch equ tionis function.
@x4+y’=4®y=x>-7©@ y=5x-4

in th lu of un tion

tis very convenientton me function nd mostoftenwen meitf,g,h, , ,or . n nyfunction, fore chx-v lue from
the dom in we get corresponding y-v lue in the r nge. or the function f, we write thisr ngev luey s f(x). hisis

¢ lled function not tion ndisre dfofxorthev lueoff tx. nthisc sethep renthesesdoes notindic te multiplic tion.
unction Notation

or the function y = f(x)

[ is the name of the function
x is the domain value

f(x)is the range value y corresponding to the value x

ere d f(x) sfofxorthev lueoff tx.

e c Il x the independentv ri le sitcn e nyv lueinthe dom in. ec Il ythe dependentv ri le sitsv lue
depends on x.
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ndependent and ependent Variables

or the function y = f(x),

x is the independent variable as it can be any value in the domain
y the dependent variable as its value depends on x

uch swhen you first encountered thev ri le x, function not tionm y er therunsettling. tseemsstr nge ec use
it is new. ou will feel more comfort le with the not tion syou use it.

et'slook ttheequ tion y=4x—35. ofindthev lueofywhen x =2, weknowtosu stitute x =2 into the equ tion
nd then simplify.

y=4x-5
et x=2. Yy=4+2-5
y=3

he v lue of the function t x =2 is 3.

e do the s me thing using function not tion, the equ tion y=4x—5 c n ewritten s f(x) =4x—5. o find the

v luewhen x =2, we write:

flx)=4x-5

et x=2. [f@=4:2-5

f2)=3

he v lue of the function t x =2 is 3.

his process of finding the v lue of f(x) for givenv lue of xis c lled evaluating the function

3.48
or the function f(x) = 2x2+3x—1, ev lu tethe function.
@ f3) ® f(-2) © f@
©)  olution
®
fo) =2 +3x-1

oev lu te f(3), su stitute3forx. [f(3)=23y+3-3-1

implify. f(3)=2+9+43+3-1
f3)=18+9-1
f3)=26



Chapter Functions

flx)=2x+3x-1

To evaluate f(-2), substitute -2 for x. f(-2) = 2(-2) + 3(-2) -1
implify. f-2)=2+4+(-6)-1
f(2)=8+(-6)-1
f-2)=1
©
fx)=2x+3x-1

oev lu te f(a), su stituteaforx. fl@=2@y+3+a-1

implify. fl@)=2a"+3a-1

i or the function f(x) = 3x2 —2x + I, ev lu tethe function.

®@ f3) ® f(-1) © £

E or the function f(x) = 2x% + 4x — 3, ev lu tethe function.

® f(2) ® f(=3) © f(h)

nthel stex mple, we found f(x) for const ntv lue of x. nthe nextex mple, we re sked to find g(x) withv lues
ofxth t rev ri les. estillfollowthes me procedure ndsu stitutethev ri lesin for the x.

3.49

or the function g(x) =3x—15, ev lu tethe function.

@ gh?) ® gx+2) © g(x) +g(2)

©  olution
®
glx)=3x-5
oev lu te g(hz), su stitute h2 for x. gh)=3h"-5
g(h)=3h*-5
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glx)=3x-5
oev lu te g(x+2), su stitute x+2 forx. 9x+2)=3(x+2)-5

implify. glx+2)=3x+6-5

gx+2)=3x+1

©
gx)=3x-5
oev lu te g(x)+ g(2), firstfind g(2). g(2)=3-2-5
g9(2)=1
Now find g(x) + g(2) gx)+g(2)=3x-5+1
gx) g(2)
implify. gx)+9(2)=3x-5+1

gl) +g(2)=3x-4

otice the difference etween p rt ® nd ©. eget gx+2)=3x+1 nd gx)+g(2)=3x—4. oweseetht
gx +2) # g(x) + g(2).

S or the function g(x) =4x—7, ev lu te the function.

@ gm? ® g(x—3) © g(x) - g(3)

i or the function h(x) =2x+ 1, ev lu te the function.

® hk?) ® h(x+1) © h(x) + k(1)

ny everyd ysitu tionsc n e modeled using functions.

he num er of unre d em ils in ylvi 's ccount is 75. his num er grows y 10 unre d em ils d y. he function
N(t) =75 + 10¢ represents the rel tion etween the num er of em ils, N, ndthetime, t, me suredind ys.

@ etermine the independent nd dependentv ri le.
® ind N(5). xpl inwh tthis result me ns.

©  olution

@ he num erofunre dem ilsis function of the num er of d ys. he num er of unre d em ils, N, depends on the
num erofd ys,t. herefore,thev ri leN,isthe dependentv ri le ndthev ri le ¢t istheindependentv ri le.

® ind N(5). xpl inwh tthis result me ns.
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N(t) =75 + 10t
u stitutein r=35. N(5)=75+10+5
implify. N(5)=75+50

N(5) =125

ince 5 is the num er of d ys, N(5), isthe num er of unre d em ils fter 5d ys. fter 5d ys, there re 125 unre d

em ilsinthe ccount.

he num er of unre d em ilsin ry n’s ccountis 100. his num er grows y 15unre dem ils dy. he
function N(z) = 100 + 15¢ represents the rel tion etween the num er of em ils, N, nd the time, t, me sured

ind ys.
® etermine the independent nd dependentv ri le.

® ind N(7). xpl inwh tthis result me ns.

he num er of unre d em ilsin nthony’s ccountis 110. his num er grows y25unre demils dvy. he
function N(z) = 110 + 25¢ represents the rel tion etween the num er of em ils, N, nd the time, t, me sured

ind ys.
® etermine the independent nd dependentv ri le.

® ind N(14). xpl inwh tthis result me ns.

]

ccess this online resource for ddition |instruction nd pr ctice with rel tions nd functions.
* ntro u tionto un tions (https://op nst x.org/l/37introfun tion)
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L

XR SS
r ti ks rf t
in th omin n ng of | tion

n the following exercises for each relation @ find the domain of the relation ® find the range of the relation

{(1, 4), (2, 8), (3, 12), (4, 16), (5, 20)}

{(1’ 7)’ (5’ 3)’ (75 9)a (_29 _3)’ (_29 8)}

n the following exercises use the mapping of the relation to @ list the ordered pairs of the relation ® find the domain of the

relation and © find the range of the relation

Name Birthday

Rebecca~_|

Jennifer>HJanuary 18
John %bruary 15
Hector April 1
Luis >< April 7

Ebony —| June 23
Raphael July 30

MeredithE%ugust 19
Karen—] November 6

Joseph /

or wom n of height 5’4 ” them pping elow

shows the corresponding ody ss ndex( ). he
ody m ssindexis me surementof odyft sed
on height nd weight. of 18.5-249 s

considered he lIthy.

Weight (lbs) BMI
+100 18.9
110 ? 223

120 17.2

130 >< 24.0
140 --“‘g 25.7
150 —| 20.6

160 ——F27.5




Chapter Functions

n the following exercises use the graph of the relation to @ list the ordered pairs of the relation ® find the domain of the
relation © find the range of the relation

-x

|
nt
|
Ll
|
N
[=]
-t
oot
w
LTS

y

6__
54
04t @
Y
2__
1__
x

-+
6543210 123456

21
30
et 0
51
6l
t rmin if | tionis un tion

n the following exercises use the set of ordered pairs to @ determine whether the relation is a function ® find the domain of
the relation and © find the range of the relation

{(_Sa 9)a (_29 4)9 (_17 1)7
0,0, (1, 1), (2,4), 3, 9}

{(=3,27), (=2, 8), (-1, 1),
0, 0), (1, 1), (2, 8), (3, 27)}
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n the following exercises use the mapping to @ determine whether the relation is a function ® find the domain of the function
and © find the range of the function

Number Absolute Value

/

=

Name Email

M\ Y

RHernandez@
state.edu

Jenny JKim@gmail.com
Randy\ ~Raul@gmail.com
Dennisk - ESmith@state.edu
Emily . DBrown@aol.com
Raul \jenny@aol.com
\Randy@gmail.com

n the following exercises determine whether each equation is a function

@2x+y=-3 @y—3x3=2
®y=x2 ®x+y2=3
©x+y2=—5 ©3x-2y=6
in th lu of un tion

n the following exercises evaluate the function @ f(2) ® f(-1) © f(a).

f(x):Sx—3 f(x)=—4x+2 f(x)=x2—x+3

f)=2x*—x+3

n the following exercises evaluate the function @ g(hz) ® g(x+2) © g(x) + g(2).

gx)y=2x+1 glx)=-3x-2 gx)=3—-x
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raphs of unctions

earning Objectives

yth n ofthiss tion, you will | to:

se the vertic |line test
dentify gr phs of sic functions
e dinform tionfrom gr phof function

e Prepared!

efore you get st rted, t ke thisre diness quiz.

1. viute®23® 32
2. viute:®@171® |-3|.
3. viute® V4® Vie.

s th rti | in st

n the | stsection we le rned how to determine if rel tionis function. herel tions we looked twere expressed s
set of ordered p irs, m ppingor nequ tion. e willnowlook thowtotellif gr phisth tof function.

n ordered p ir (x, y) is solution of line r equ tion, if the equ tionis true st tement when the x- nd y-v lues of
the ordered p ir resu stituted into the equ tion.

he gr ph of line r equ tionis str ight line where every point on the line is  solution of the equ tion nd every
solution of this equ tionis point on this line.

n igur 3.14,wec nseeth t,ingr phoftheequ tion y =2x — 3, foreveryx-v luethereisonlyoney-v lue, sshown

inthe ccomp nyingt le.

Yy
y= ZX — 3
x ¥y (x, )
2 || =7 ||
t } t X

-10 -8 -6 8 10 =L = | =led
0 -3 (0,-3)
3 3 (3, 3)
4 i (4, 5)

igur 3.14

rel tionis function if every element of the dom in h s ex ctly onev luein ther nge. o the rel tion defined y the
equ tion y =2x—3 is function.
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fwe look tthe gr ph, e chvertic I d shed line only intersects the line tone point. his m kes sense sin function,
for every x-v lue there is only one y-v lue.

fthe vertic |line hitthe gr ph twice, the x-v lue would em pped to two y-v lues, nd so the gr ph would not represent
function.

his le ds us to the vertic | line test. set of pointsin rect ngul r coordin te system is the gr ph of function if every
vertic | line intersects the gr phin t most one point. f ny vertic |line intersects the gr ph in more th n one point, the
gr ph does not represent function.

Vertical ine Test

set of points in rect ngul r coordin te system is the gr ph of function if every vertic | line intersects the gr ph
in t most one point.

f nyvertic |line intersects the gr phin more th n one point, the gr ph does not represent function.

etermine whether e ch gr phisthe gr phof function.

\\w*mm

6-5-4-3-2-100 12 35 6 6-5-4-32-N)| 12345 6 "
24 2
-3+ L2
4+ L4
L5 L5
-6 Le
¥ v
(a) (b)

©  olution

@ Since any vertical line intersects the graph in at most one point the graph is the graph of a function

y

[

6+
A I A
) T )
I | I
] I I
I | I
I | I
I | I
I I _\
1 I 1

-t +— f—t—t= X
% -4 42 O T2 E\\\5

1 I 1
For 2T |
1 I 1 1
R |
I ] -4+ I
Y A\l 1 Y

6+

L

® One of the vertical lines shown on the graph intersects it in two points This graph does not represent a function
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¥
6+
AN
) 1 |
1 (B 1)
: :2./
1 ] I
1 T T
R A I A O
6 -4 | -2 N 2 < 6
EAn NN
) ) |
1 T 1)
P
yYvi Y
64
B etermine whether e ch gr phisthegr phof function.
y y
I
10+ 61
94 54
871 4
7+ 3
6+
5+ 1-\
4+ -..,::‘.0,::“=x
M —6—5—4—3—%) 3456
2T =
1 =31
-t - X -4
6-5-4-32-NJ A/ 23456 ls
2+ -6
Y
(a) (b)
ol etermine whether e ch gr phisthe gr phof function.
y
I A
6_. 4
5_.
4_.
2+

1+

EEPEEEY)

Y

(a) (b)

ntify r phsof si un tions
e used the equ tion y=2x—3 ndits gr ph swe developed the vertic |linetest. es idth tthe rel tion defined

ytheequ tion y =2x—3 is function.

e c nwrite this sinfunction not tion s f(x) =2x—3. tstillme nsthes mething. hegr ph of the function is the
gr phof Il ordered p irs (x, y) where y = f(x). o we c nwrite the ordered p irs s (x, f(x)). tlooks different ut
the gr phwill ethes me.
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omp re the gr ph of y=2x—3 previously shown in igur 3.14 with the gr ph of f(x) =2x—3 shown in igur
3.15. othingh sch nged utthe not tion.

y
foo=2x—3
x| fx) | Cx, fix))
2| -7 |e2-n
t } t X

10 -8 6 g 10 il el o D)
o[ -3]w0-3
3 (3| @3
a | s | w@s

igur 3.15

raph of a unction

he gr ph of function is the gr ph of Il its ordered p irs, (x, y) or using function not tion, (x, f(x)) where
y = f).
f  name of function
x  x-coordinate of the ordered pair
f(x)  y-coordinate of the ordered pair
s we move forw rd in our study, it is helpful to e f mili r with the gr phs of sever |  sic functions nd e leto

identify them.

hrough our e rlier work, we re f mili r with the gr phs of line r equ tions. he process we used to decide if
y=2x—3is functionwould pplyto Illine requ tions. Il non-vertic |line requ tions re functions. ertic |lines

re not functions sthe x-v lue h sinfinitely m ny y-v lues.

e wrote line r equ tions in sever | forms, utitwill e most helpful for us here to use the slope-intercept form of the
line r equ tion. he slope-intercept form of line r equ tion is y = mx + b. n function not tion, this line r function

ecomes f(x) = mx + b where mis the slope of the line nd b is the y-intercept.

he dom inisthesetof Ilre Inum ers, ndther ngeis Isothesetof llre |num ers.
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inear unction

fix)=mx+b
. b) m, b: all real numbers
/ m: slope of the line

- -x b: y-intercept
Domain: (—co, o)
Range: (—co, o0)

e will use the gr phing techniques we used e rlier, to gr phthe sic functions.

3.52
r ph: f(x) = -2x—4.

©  olution
f)=-2x-4
e recognize this s line rfunction.
ind the slope nd y-intercept. m=-=2
b=—-4
r ph using the slope intercept. -z’
g
6l
Al
Al

X r ph: f(x) =-3x-1
3 r ph: f(x) = —-4x—-5

he next function whose gr ph we will look tis c lled the const nt function nd its equ tion is of the form f(x) = b,
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where bis nyre Inum er. fwe repl cethe f(x) withy, we get y=>b. e recognize this s the horizont |line whose

y-interceptis b. he gr ph of the function f(x) = b, is Iso the horizont |line whose y-intercept is b.

otice th tfor nyre | num er we put in the function, the function v lue will e b. his tells us the r nge h s only one
v lue, b.

onstant unction

y
A
i (0, b)
fix)=b
b: any real number
- - X b: y-intercept
Domain: (—co, o0)
Range: b
v
3.53
r ph: f(x) =4.
©  olution
f =4
e recognize this s const ntfunction.
he gr phwill e horizont Iline through (0, 4). Jl'
101
8__
6__
2+
+—t X
6 4 -2 0 2 4 &
]

:: r ph: f(x) = —2.
i r ph: f(x) =3.

he identity function, f(x) =x is speci | ¢ se of the line r function. f we write it in line r function form,

f(x) =1x+0, weseetheslopeis1 nd the y-interceptis 0.
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dentity unction

y
[
12+
84
44
1L f)=x
e X m: 1
12 -8 -4 A |4 8 12 b: 0
Ll Domain: (—co, o)
Range: (—co, o0)
_8__
124
v

he next function we will look tisnot line rfunction. othegr phwillnot e line. heonly methodweh vetogr ph
this function is point plotting. ec usethisis nunf mili rfunction, we m ke sure to choose sever | positive ndneg tive
v lues swell sOforourx-v lues.

3.54

r ph: f(x) = x2.

©  olution
We choose x values We substitute them in and then create a chart as shown

y
104
9
8
7 x  |f0) = (x, fix)
6 2| 9 |39
5
4 = 4 | (249
3 = 1 | enn
f' 0 0 | ©o
I I I I I A N O 1 1 a1,
-5-5-4-3-2-110 123456
I~ (2,4)
-2
3 9 | 39

o r ph: f(x) = x2.
o fx) = —x?

ooking t the result in x mpl 3.54, we c n summ rize the fe tures of the squ re function. e c Il this gr ph
p r ol . sweconsiderthedom in, notice nyre Inum erc n eused s nx-v lue. hedom inis llre |num ers.

her ngeisnot llre I num ers. otice the gr ph consists of v lues of y never go elow zero. his m kes sense s the
squ reof nynum erc nnot eneg tive. o,ther nge ofthesqu refunctionis Il non-neg tivere Inum ers.
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Square unction

y
6_
5_
4
3 fl)=x
Domain: (—co, o)
f Range: [0, c0)
+ + + + + + + - X
_4_3_2_1_10 1234
=2

he next function we will look tis Isonot line rfunctionsothegr phwillnot e line. g inwe will use point plotting,
nd m ke sure to choose sever | positive nd neg tivev lues swell sO0forourx-v lues.

3.55

r ph: f(x) = x>,

“  olution
We choose x values We substitute them in and then create a chart

x |fa=2x2| (x f))
2] e e
Hr I A
8765432 Y0 12345678 o o | ©O

2 1 1| A

2 8 (2, 8)

o r ph: f(x) = X3,
o r ph: f(x) = —x.

ooking ttheresultin x mpl 3.55 wec nsumm rize the fe tures of the cu e function. s we consider the dom in,
notice nyre Inum erc n eused s nx-v lue. hedom inis Ilre Inum ers.

her ngeis llre Inum ers. hism kessense sthecu eof nynon-zeronum erc n e positive or neg tive. o, the
r nge of the cu e functionis Ilre I num ers.
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ube unction

y
4_
3_
2
. Domain: (—co, oo)
43271123 4 Range: (-co0, o)
=2
-3
_4_

he next function we will look t does not squ re or cu e the input v lues, utr ther t kes the squ re root of those
v lues.

et's gr ph the function f(x) = vx ndthen summ rize the fe tures of the function. emem er, we c nonly t ke the
squ re root of non-neg tive re | num ers, so our dom inwill ethe non-neg tivere Inum ers.

3.56
fx) =vx

©  olution

We choose x values Since we will be taking the square root we choose numbers that are perfect squares to make our
work easier We substitute them in and then create a chart

y
A
101
gl
8.
74
6. x| foa= x| b fo)
5 0 (0, 0)
4 1 1 (1,1
34
5] 4 2 (4,2)
1 3 (9, 3)
- — 1+ -X
00 12345678910
1

:: r ph: f(x) = Vx.
e r ph: f(x) = —vx.
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Square Root unction

y
A
8l
74
64
54 fo)=vx
4] Domain: [0, eo)
3] Range: [0, o)
2
14
LR ECE L ETEL S
L

url st sicfunctionisthe solutev lue function, f(x) =Ix|. eepinmindth tthe solutev lueof num erisits

dist nce from zero. ince we never me sure dist nce s neg tive num er, we will never get neg tive num erin the
r nge.

3.57
r ph: f(x) = Ixl.

©  olution
We choose x values We substitute them in and then create a chart

y x |fix)=1x| (x, fix))
4 |
B

-1 1 | enn
0 0 | o
(1,1
4-32-19 123 4 2 2 | @2
' 3 3 | 33

= MW s

=3
=

M r ph: f(x) = Ixl.
B r ph: f(x) = —Ixl.

bsolute Value unction

y
\
61
51
41
3]
2 flx)=1xi
14 Domain: (—eco, o0)
- Range: [0, o)
43219 123 14
'

nform tion from r phof un tion

n the sciences nd usiness, d t is often collected nd then gr phed. he gr phis n lyzed, inform tionis o t ined
from the gr ph nd then often predictions rem defromthed t .
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ewillst rt yre dingthedom in ndr ngeof functionfromitsgr ph.

emem er the dom inis the set of Il the x-v lues in the ordered p irs in the function. o find the dom in we look tthe
gr ph ndfind llithev luesofxth th ve correspondingv lue onthe gr ph. ollow the v lue x up or down vertic lly.
fyou hit the gr ph of the function then x is in the dom in.

emem er the r nge is the set of Il the y-v lues in the ordered p irs in the function. o find the r nge we look t the
gr ph ndfind lithev luesofyth th ve correspondingv lueonthegr ph. ollowthev lueyleftorright horizont Ily.
fyou hit the gr ph of the function then yis in the r nge.

se the gr ph of the function to find its dom in ndr nge. ritethedom in ndr ngeininterv | not tion.
¥
6

4

olution
o find the dom in we look tthegr ph ndfind Ilthev luesofxth tcorrespondto pointonthe gr ph. hedom in
is highlighted in red on the gr ph. he dom inis [-3, 3].

o find the r nge we look tthe gr ph ndfind Ilthev lues of yth tcorrespondto pointonthegr ph. her ngeis
highlighted in lue onthe gr ph. her ngeis [—1, 3].

se the gr ph of the function to find its dom in ndr nge. ritethedom in ndr ngeininterv | not tion.
¥
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se the gr ph of the function to find itsdom in ndr nge. ritethedom in ndr ngeininterv | not tion.

e renow going tore dinform tion fromthe gr phth tyoum yseein futurem thcl sses.

se the gr ph of the function to find the indic ted v lues.

1
L2
1 3
e

_at
-6+

ind: f(0).

ind: f(%ﬂ).

ind: f(—%ﬂ').

ind the v lues for x when f(x) =0.

ind the x-intercepts.
ind the y-intercepts.

ind the dom in. riteitininterv | not tion.

® o006 0 @ 6

ind ther nge. riteitininterv I not tion.
©  olution

@ When x =0, the function crosses the y axisat So f(0)=0.

This OpenStax book is available for free at http cnx org content col



Chapter Functions

(® When x = % , the y value of the functionis —1. So f(%zr) =-1.

©OWhen x = — %ﬂ', the y value of the functionis —1. So f(—%ﬂ) =-1.

@ The function is  at the points (—2z, 0), (-, 0), (0, 0), («, 0), (27, 0). The x values when f(x)=0 are

-2z, —m, 0, &, 2r.

(® The xintercepts occur when y=0. So the x intercepts occur when f(x)=0. The x intercepts are
(_277:9 0)9 (_77:7 0)7 (07 O), (ﬂ’ O)’ (277:, 0)

(® The y intercepts occur when x = 0. So the y intercepts occur at f(0). The y interceptis (0, 0).
This function has a value when xis from —27 to 27. Therefore the domain in interval notation is [—2x, 27].

® This function values or y values go from —1 to Therefore the range in interval notation is [—1, 1].

M se the gr ph of the function to find the indic ted v lues.
y
6..

al
61
ind: f(0).
ind: f(%;r)
ind: f(—%/r).

ind the v lues for x when f(x) =0.

ind the x-intercepts.
ind the y-intercepts.
ind the dom in. riteitininterv | not tion.

@G ® ©® ©® ©®

ind ther nge. riteitininterv I not tion.
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Summary of Graphs of Functions
. rti | in st
o setof pointsin rect ngul rcoordin te system is the gr ph of function if every vertic | line intersects
the gr phin tmostone point.

o

f nyvertic |line intersects the gr ph in more th n one point, the gr ph does not represent function.
* r phof un tion

o hegr phof functionisthe gr phof Ilits ordered p irs, (x, ¥) or using function not tion, (x, f(x))
where y = f(x).

f  name of function
x  x-coordinate of the ordered pair

f(x)  y-coordinate of the ordered pair
* in r un tion

f)=mx+b
}b) m, b: all real numbers

m: slope of the line
h =X b: y-intercept
Domain: (—co, o)

Range: (—co, o)

*+ onst nt un tion

- (0, b)

flx)=b
b: any real number
- -X b: y-intercept
Domain: (—co, o)
Range: b
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y
|
12+
84
f . 44
. ntity un tion 1 f)=x
R A m: 1
-12 -8 -4 A a8 12 b:0
Lol Domain: (—co, o)
Range: (-co, o)
-8+
124
v
y
6_
5_
. fix)=x
* qur untion 3 Domain: (—eo, eo0)
f Range: [0, o)
- + + + + + + -
-4-3-2-1_10 1234
=2
y
4_
3
2
1 fix)=x
c u un tion " Domain: (—co, oo)
4320123 4 Range: (~co, o)
=2
-3
_4_
y
A
B4
7
6
5 1) =/x
* qur oot un tion 41 Domain: [0, oo)
3] Range: [0, o)
21
14
-t s s e A s e o §
0‘ 12 3 456 78
Y
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L

XR SS
r ti ks rf t
s th rti | in st

n the following exercises determine whether each graph is the graph of a function

@

=]
-
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ntify r phsof si un tions

n the following exercises @ graph each function ® state its domain and range Write the domain and range in interval notation

Jx)=3x+4 f==x-2 f(x)=-2x+2
fo=2x+1 f@)=-3
f)=-3 fl)=-2x
f@x) =327 fo)=x2-1
[ =-2x f(0) =3

nform tion from r phof un tion

n the following exercises use the graph of the function to find its domain and range Write the domain and range in interval
notation

y y
A
8+ 12
4 8
/ )
0 4 &8 12
"
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ind: £(0).

ind: f(%n).

ind: f(—%ﬂ).

ind the v lues for x when f(x) = 0.

ind the x-intercepts.
ind the y-intercepts.

ind the dom in. riteitininterv | not tion.

®
®
©
@
©
®
®

ind ther nge. riteitininterv I not tion.
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