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Find an approximare equation of the line that passes through

j i : lope d o constunt term {0 e S
che two givern pOLIs. Round the slope and the constant I s . atary
H tecinuil places. Use a graphing calenlaior fo vertfy your Time at Company 2 ‘gd tare)
swo decimal ple : ’ P (thousends of do
result. e S
37, (~5.1, —~3.9) and (74, 2.2) Mﬂ s e

‘ i 28
38, (—9.4, 7.1y and (3.9, —=2.3) i 2
39, (=597, ~6.24) and (—1.25, —4.0%) 3 2
37
40, (—7.13,-2.2D and (—~4.99, -7.78) i g
Find an eguation of the line that contains the given poimt {md is
parallel 1o the given line. Use a graphing caleulator fo verify your Find sa equation that describes the relationship between ¥
result. and v,
AL & 5), y = 3x ] 42 (1), y=4x =6 71. Find an equation of the line sketched in Fig. 96. Check your
43, (=3, 8), y= —2x +7 44, (2, -3), y=—x+12 equation with a graphing cajculator.
C ) y
Zx YA
45, 4, 1), y= »l»x -3 46. (6, -3, ¥y = —m;.x — 1 _ 4
47. (3.4), 3x —dy=12 48. (4. ~ 1), S5x+2y=10 R 2#
49, (-3, —2), 6y —x = ~7 T
50. (—1, —4). 3y + 5x = =11 L M/ e
2.3y, v = 52, (3, —1), vy = —4 TP S
we 2 —5),x = L A’// o
53, (-3.4.x =2 54, (=2, -5, x = | I
Find an equation of the line that contains the given poult and SN WL cqure 96 Exercie ;

is perpendicular fo the given line. Use FSrandard followed by
ZSqicare with a graphing calenlaror to verify your result,

55. (3.8), v=2x + 5 56, (2,13, y=5x -~ 4 equation with a graphing calculator.

(=3, =2), y=—bc — 13

87, (—=1.7). y= —3x+7 58. ,
z N P

59, (2,7 y=——Xx-+3 60. (1. -2), y=—x—4 .”'ﬁ,&% o

61. (10.3), 4x Sy =7 62. (6. —1). 5x+2y=-9 . ]

63. (=3, 1), —2c+y=5 64 (=12} ~3x —dy=12

65, (2,33, x =5 66. (-4, ~2), x = —1

68, (1,1 v=T

[

67, (2.8), y= —

69. Let v be the value {in thousands of dollars) of a car \_fvhcn ‘ii
is ¢ vears old. Some pairs of values of x and y are listed in
Table 22.

73. Find an equatio
equation with a graphing calculator.

f.doliars);

OERENE

Find an eqaation that describes the relationship between x S 3 %
and ¥, s
70, Let v be a person’s salary (in thousands of d{?ilas‘) afier he e = 2
has worked at a company for x years. Some pairs of values of _.i_

» and v are listed in Table 23.

72, Find an equation of the line sketched in

Fig

@

Tigure ¥8 E

Fig. 97. Check you

ure %7 Exerdt

n of the line sketched in Fig. 98. Check

77.

v-intercepts, If it is possible, find an equation of such & line.
i is not possible, explain why.
2. No y-inlercepis

e. Exactly two y-intercepts

d. An infinite number of y-intercepts

an equation of it. If not, find an equation of a line that contains

most of the given points.
(=3, T3 (=1,%), (1, 1), {3, =3), (4. ~3)
Create a table of seven pairs of values of x and ¥ for which 85, Describe how 1o find an equation of a line that contains two
a.each point lies on the line y = 3x — 6.
each point Hes close to, but not on, the line y = Ix — 6. tion contains the two points?

B o b

tationship of
by 2 graph

b, Exactly ope y-intercept

1.6 Functions 41

74. Find an equation of the line sketched in Fig. 99. Check your ¢. the points do not lie close t the tine ¥ = 3x — 6, butaltof
equation with a graphing calculator. themn Tie close to another line. In addition to creating the
¥ table, provide an equation of the other Hine.
B ;; 1 80. Suppose that a set of points all lie 0.5 unit above the line
/4 y = —4x + 3. Find an equation of the line that passes through
A the points of the set.
S 2 $1. a. Find an equation of a line with slope —4
A 3
I/ L - b. Find an equadon of a line with yv-intercept ((’), ﬂ) . Verify
e 7
IR A ~ ; A . 3
7 = 2 4 : your resule with & graphing caleulaior.
}j’ i ¢. Find an equation of 2 line that contains the point (-2, 8).
/ A T Verify your resull with a graphing calculator.
g g . . .
. d. Determine whether there is a line that has slope —4, has
/ i
¥ Figur xercise 74 3 3 . . -
Figure 99 Exercise 74 y-intercept (D. A), and coptains the point (-2, 8).
7%, Decide whether a lne can have the indicated number of Explain.
c-intercepts. If it is possible, find an equation of such a Hne. $2. Find equations of dicular lines that | _
If it is not possible, explain why. I3 1r? e(iu&;lom of two perpendicular lines that intersect at the
a. No x-intercepls b. Exactly one x-intercept point (3. 1).
¢, Bxactly two x-intercepts §3. A student thinks that if a line has slope 2 and contains the
4. An infinite number of x-intercepts point (3, §), then the equation of the line iy y = Zx + 5, be-
. i o . R dane g ~rvetfiet R sl it
76. Decide whether a line can have the indicated number of cause the stope is 2 (the coefficient of x) and the y-coordinate

of €3, 5y is 5 (the constant term). What would you tell the
sindent?

84. A student tries to find an equation of the line that contains the
points (1, 3) and (3, 9). The student believes that an equation
of the line is v = 4x -+ 1. The student then checks whether
(1, 5) satisfies ¥ = d4x + I

Is there a line that contains all of the given peints? H so, find
an equation of it. [ not, find an equation of 4 tine that contains oy =dx 41
N RS 3 o Y. o 3 " N ? .
: IT‘“)f:t of the given POINEs. ‘ 52441
(4, 15, (1,9, (3, ). (4, =), (9. —11) e
- Ts there a fine that contains alt of the given poinis? If so, find 3=3
frue

The student concludes that y == 4x + | is an equation of the
line. Find any errors. Then find an equation correctly.

given points. How can you verify that the graph of the equa-

Objectives.
* Know the meanings of relation, domain, range, and function.
Identify functions by using the vertical line test.
Know the defimition of a linear function.
> Know the Rule of Four for functions.
* Use the graph of a function to find the function’s domain and range.

Throughout this chapter, we have described relationships between two variables. In
this section, we will discuss how to deseribe some of these relationships by using an
extremely important concept called a finction.

Relation, Domain, Range, and Function

In this chapter we have used graphs, tables, and equations to describe the relationship
between two variables. For example, Table 24- describes a relationship between the
variables x and v. This rejadonship is also described graphically in Fig, 100.




CHAPTER1 Linear Equations and tinear Functions

We call the set of ordered pairs listed in Tabie 24 a relation. This relation consists
of the ordered pairs (3. 2), (4, 1), (5. %), and (5, 43, The domain of the relation is the set
of all vatues of x {the independent vagiable)—in this case, 3,4, and 5, The range of the
relation is the set of all values of v (the dependent variabley—here, 1. 2, 3, and 4.

cméiﬁiahdf; range

i i i g 3

DEFINITION Relation,

g A relation s sef?.ef'or{'l'arefé pairs. The
o the indept dent vagable, and the rangeo
o endent variabie. E :

domain of a relation is the set of albvalues
f the relation js the set of all values of

ine in which values of x are “inpuis” and

We can think of a relation as a mach
domain is an input, and each

values of vare “ouiputs.” in general, each member of the

member of the range 1s an output.
For the relation described in Table 24, we can think of the values of x as being ser

to the values of ¥ (see Fig. 104}

X

Figurs 11 Think of a relaticy

QUTPUTS )
as an input-output machine

(members of the range)

INPUTS
{members of the domain}

Note that the input x = 5 is sent W0 hwe outputs: ¥y = 3 and v == 4. In a spe

b

1 Lk

=

type of relation calted a function, each input is sent to exactly one ouput. The rela
described in Table 24 is not a function. :

soi in Which each input Jeads to exactly e oulpyL.

[
H %
Badhos
%

For

3

The equation ¥ = X+ 2 describes a rel
pairs, We will determine whether the relation is a

ation consisting of an infinite number of orgel
function in Example 1.

g whether an Equation Describes a Function

Exampie 1 Decidin
function? Find the domain and range of the relatio

[s the relation vy = x +2 @

Solution
Let's consider some input-output pairs (in Fig. 102).

X

it

2 }-——r~—+ 4
QUTPUTS Figure 12 The Tinerg

INPUTS
{members of the range} By 7 pelation: v = X

{members of the domain)

Fach input leads to just one output—namely, the input increased by 2

relation v = x + 2 is a function.
The domair of the relation y
2dd 2 ta any real number. The range
* any real nuinber is the output of the

= y + 2 is the set of all ceal numbers, singé
of y = x -+ Zisalso the set of real numb:
nmwmber that is 2 units less than 1t -

1.6 Functions 43

Exampl Cidi
pie 2 Deciding whether an Equation Describes a Function

Is the relation y = =x a function?

f A o= l V= E S ;) e 2 p D i & -
]i . ﬂlcﬂ : el SR T8N the mout x § lﬁ:dff\ f( P suiputs } Elid ;
) A Y
atiom =X 1 it a i mnction %

Examnl - .
xampie 3 Deciding whether an Equation Describes a Function

Is the relation v = x a function?

Solution

Let’s const i 3 \ i
onsider the input x = 4. We substitete 4 for x and solve for v

2

yo=4 Substitite 4 for x.
y=-2 or y=2 (-2f=42"=24
The tnput x = 4 I :
L x = 4 leads to fwo oulpuis: v = 2 ; \ - .
not  funceion. LPHEs: ) 2 and y = 2. So, the relation },2 = xis
L]

Example 4 Deciding whether a Table Describes a Function

is the relation described by Table 235 a function?

Solution
The input x = 1 Jeads -
. e S 1O fwe LN e R =
function. wo outputs: y = 3 and y = 5. So the relation is not a
=
gﬁ’* ;_ . g
ample 5 Deciding whether a Graph Describes a Function

Is the relation described by the graph in Fig. 103 a function?

Solution

See Fig. 104. The input x
. ; : - 1nput x = 3 leads 1o two ou Gy o= ,
s ot 4 function. utputs: v = —4 and y = 4. So, the relation

Figurs 104 The input x = 3 gives
two outpuls: v = —4and y = 4

Figure 103 Graph of a refation
Vertical Line Test

Notice that th i cri : ' g i m

i : e relation deseribed i Exe 51 i

) . 1 xample S not a funci ALLSE § i
lines would intersect the g]’d}}h more than once 7 because some ‘ybr{m‘ﬁ

A refation is z function if's i
relation at H()&ﬂi;gift;g}] . aﬂd{m}y*f every vertical line intersects the graph of the' |
: ¢ than one point. We call this requirement the vertﬁi;‘zi ]ineftest é’

8 ) g

: ;
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Example 6 Deciding whether a Graph Describes a Function §
Determine whether the graph represents a function. g

i. v 2. ‘ A

Solution

1. Since the vertical line sketched in Fig. 103 intersects the circle more than once, the
relation is not a function. 7 . o

2. Each vertical line sketched in Fig. 106 intersects the curve at one point. In fact, an

i =§m

vertical line would intersect this curve at just one point. So, the relation is a function

t ’
:. 4 i
By =
__:4 ‘ 7‘2 1. ) E ¥ 5 L \“‘;w;»"{ Y
s I S
. e C
1 % : ‘ .
Figure 105 The circle does not Figure 106 The curve describes &
describe a function function
Example 7 Deciding whether an Equation Describes a Functio

i [ YO C O R

Is the refation v = 2x -+ 1 a function? ——~-;§())‘ i g L ii
. 21y - 1= —3
Solution =

: We begin by sketching the graph of y = 2Zx +1 in Fig. 107. Note that each vertic:
> would intersect the line v = 2x -+ I at just one point. So, the relation y = 26 +
¥ function.

Linear Functions o
In Example 7, we saw that the line y = 2x + }isa function. In fact, any nonw PR
line is a function, since it passes the vertical iine test,

Figure 107 Graphof y =2x + 1

BEFINETION Linear fu

rel
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In this chapter, we have made many observations about linear equations. Since a
linear function can be described by a linear equation, these observations iell us about
linear functions. Let’s summarize what we know about & linear function v = mx + b:
L. The graph of the function is a nonvertical line.

2. The constant a7 is the slope of the line, a measure of the line’s steepness.

3. Ifm > 0, the graph of the function is an increasing line,

4. 1fm < 0, the graph of the function is a decreasing line.

5. If m = 0, the graph of the function is & horizontal line.

6. If an input increases by I, then the corresponding output changes by the slope .
7. If the run is 1, the rise is the slope m,

8. The y-intercept of the line is {0, b).

Finally, since a linear equation of the form v = mx + b is a function, we know that
each input leads to exactly one oulput,

Ruile of Four for Functions
We can describe functions in four ways. For instance, in Example 7 we described the
function y == 2x -+ 1 by using (1) the equation and (2} a graph (see Fig. 107). We can
also describe some of the input-output pairs for the same function by using (3) a table
(see Table 26). Finally, we can describe the function (4} verbally: In this case, for each
input-output pair, the output is | more than twice the input.

We can describe some or alf of the input—output pairs of a function by means of
1. an equation, 2. a graph, o
3. aiable, or o 4. words.

These four ways to describe input-output pairsof a function are knownas the Rule
of Four for functions.

Example 8 Describing a Function by Using the Rule of Four

1. Is the refation v = —2x — 1 a function?

2. List some input—output pairs of y = —2x — 1 by using a {able.

3. Describe the input~output pairs of v = —2x — | by using a graph.

4. Describe the input-output pairs of y = —2x — 1 by using words.
Solution

i. Since y = —2x — | is of the form v = mx + b, it is a {linear) function.

2. We list five input—output pairs in Table 27,
3. We graph y = —2x — | in Fig. 108.
4. For cach input—outpul pair, the output is 1 less than —2 times the input, -

Using & Graph 1o Fing the Domain and Range of a Function
Te describe the domain or range of a function, it is sometimes helpful o usé the
inequality symbols < and ». The symbol < means “is less than or equal 10 the
symbol > means “is greater than or equal to.” For exampie,'ihe'in"e_qualit_y x = 4 means
that all values of x are less than or equal to 4. And the inequality y > 7 means that all
values of y are greater than or equal to 7. __
The inequality 5 < x means that 3 is Jess than or equal to all values of x, Notice that
it is more natwral to say that all values of x are greater than or equal to 5, which is true.
The ineguality 2 < x < 6 means that 2 < x and x < 6: All values of x are both
greater than or equal to 2 and less than or equal to 6. In other words, all vaiues of x are
hetween 2 and 6, inclusive. ’
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Example 9 Fmqu the Domain and Range
ion to dtiermlm the fﬁm%xon s domain and range.

2. Y
]

Use the graph ot _th{: _?u_naz
1.

.;é
H
3
f

I
Lo  f
WL:E:.;f
T

4

P

LY
I

%T

Red
1o
|

Solution
1. The domainis.the set of all x-coprdinates. of pcnms ire the:
breaks in the émp%; and since the ienmost pomt is (= 4 2

is (5, =3V, ;hedomdsmsﬁri X =350 SR RS
‘Therange 16 the set of all y-coordinates of points in the omph Sér;ce the lowes

poiatis (5, ~3rand the h highest pomt]s (2, 4), the range 1s ~3<ved
2. The gmph LXiEﬂdH to fhe left and vight indefinitely without breaks, S0 every 1t
number i an x-coordinate of some point in the graph. The domain is: the set of &

_ reai :numbe S..

graph. Smcc thett, are

. put : .he %malle numb th' ‘range, because (1, =3yisthe lowe
pomi in the ﬂmph The ar dph also extem!s upward indefinitely without breaks, ¢
every number targer than -3 is a’iso in the range. The range is ¥ = -3,

When st
et usdglilz f:f dr;] f;)imm {or'g qmz) EE‘V creatmg yOur own exam o {akc for
seral Homework exercises fro
prastiee. ot m each s¢etion on whadz vou will:
a variety of exercises that adds I
Lo o reds Concepts that your instrugt
| o Chd}})}t(;ifed éne,lude many exercises that are moderately difficult and some th(:é
i Concepts éndni;gl A dompluilg such a.practice test will help you reflect'on important.-
own what types of problems yo )
Work u-need o study more.
you gt 1;522 t{iedp;d]:n;{: exXam ior a predetermmed time period. Doing so will héip:
ned exam, build y :
you et used | your L{mf‘;dcn{,ﬁ: and Jower your anme{y for
If
ke dvc;}u a;e studying with another student; each of YOU can ¢reate a test and the
each other’s test. Or create a test together and each take it sepatately "

MvMati\f.i& .

Stuckent Sehtions Manuel PH MathFiter Center.:

e . g | pairs foou{ refations T TR
wmu{)m C{mm b m;ﬁiéfé nl‘z Tuble 32 2. Some ordered pairs of four relations:are Jisted 'i'n Tabie.'%
_ . plain, . a, Which of the relations could be T upctions? Explain. - B

h Which could be linear iunctmﬂs’Explam s

dependent

Spurce: BlusChall
Visic of the Ford Commit
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3. For a certain relation, an input leads Lo two different cutputs.

Could the relation be a function? Explain.
4. For a certain refation, two different inputs lead to the same
output. Couid the relation be a fanction? Explain.
A relation’s graph contains the points (2.3) and {3,
ihe relation be a function? Explain.

3y, Couid

wm

6. A relation’s graph contains the points (4. 5) and (4, 9). Could

the relation be a function? Explain.

Determine whether 1he graph represents d functioi. Explain.
T 8.
‘K\ ¥ ? Y .
K“\, ! o ";
1/
B A T ¥ S
},,f 1 # X
v i
1
10. i

|
12,
s
#
] N
P i §
1.
3o, 14. o0
xS o
\ L/ |
T % | [

i

Determine whether the relation is a function. Explain.

16, y= ~3x+8
18, 4x + 3y =24
20, v = —1

19, v=4
21 x = =3 22, x =90

93, Ty~ 2y = 21+ 3y~ 3x)

15, vy = 3x — |

17. 2x =3y =10

24, x5y = G- My + 2¥)
25, Is u nonverdical fine the graphof & function? Explain.
26. Is a vertical line the graph of & function? BExplain.
27. Is a circle the graph of & function? Explain.
28, s a semicircle that is the “uppe
a function? Explain,
29, Describe the Rule of Four as app
vy 3 -2
a. Describe five inpui-oulput p
b, Describe the input-ouipit pairs by usin
. Describe the input-outptt pairs by using

airs by using a table.
g a graph.
words.

3, Describe the Rule of Fo
{

y = —x + 2!

4. Describe five input-output pairs by using a table.
b. Describe the input-output pairs by using a graph.
Describe the input-output pairs by using words,

I

.

¢ haif™ of a circle the graph of

ied to the Tunction

ur as appied to. the function

Use the graph of the funct
and range.

31

32.

33.

ion fo determine

BART R

the function’s domain

LeL

e

'

B

KGR

e

oo

e,

Banty

e

e
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39.

43. DﬁSCi':le the input—outtput pairs of a function (different from
those in this section) by using an equation. & grziph. and words
Describe also five input-output pairs of the i'u‘nctibn by Li‘iil’; ,
a table. Explain why your relation is a function. Y

) 44, Skfﬂ.‘ch the gr‘upi’] gf a relation (different from those in this
section} that is not a function. Nexi, create a table that lists

- \Vé 8] "lﬂd ?ﬂ}? i g - ]_( pldl L3
o 8 C { hﬁ.‘, [ﬁ,ia HTAH Xpie
f] { i{iL 1 Wh\f YOus i"'ld’ fion
wnola 15”(:“()1 . ’
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45. Sketch the graph of a relation for which the input x = 2 gives

exactly two outpuis and the input x =

output. Is the relation a function? Explain.
53, v = ¢ [Hing: Sketcha graph.}
46. Sketch the graph of a relation for which the input x = -4
gives exactly three oulputs and the input x = 3 gives exactly 53. ¥
54,y

Is the relation a function? Explain.

ong output.
ction whose domain i3 ~3=x =5

Decide whether the velation is a Junction.

6 gives exactly one gy, y = \/T {Hint: Sketch a

= x |Hint: Substitute 16 for x: then solve for v.!

v = ¢ [Hint: Substitute O, 1, and § for x
after each substitution.}

T AR ?r—- =

Explain.
Slopes of increasing and

graph.}
gecreasing lines {Section 1.3}

Comparing the steepness of two
fines (Section 1.3)

¥, and solve for ¥
Slopes of horizontal and vertical

lines (Section 1.3)

47. Sketch the graph of a fun
and whose range is =2 £ v = 4. 55. A student tries 1o determine whether the selation y = x° i )
48. Sketch the graph of a function whose domainis —2 < x =4 a function. She finds that both inputs x == ~3gand x = 3 S%"??S of parallel lines

aned whose range is ~1 < ¥ < 5. give the same output, ¥ = 9. The student concludes that {Section 1.3)
49. Sketch the graph of a function whose domain is the set of all the relation is not a function. Is her conclusion correct? ‘

real numbers and whose range is y 2 2. Explain. %iz}pu of per pendicular {ines
50. Sketch the graph of a function whose domain is the set of all 56. ?xph}in how you can determine whether a selation is 4 (Section 1.3)

[UnClon.

seal numbers and whose range isy <3

Stepe and y-intercept of a lincar

stope~intercept form (Section 1.4)

Yevtical change property

B R

S R )
’;f‘f“ Sime ‘?;h,%f}? ;:;}g,e,‘% ﬁ:{:;ijé‘.;;»’f‘; *é:,

S

{Section 1L4)

S5 ;,;;:;:;:>;i*Z;:;i::;ﬁ‘i;f:i:i‘:ﬁ;”*ﬁ:i:’:‘:‘:
ST

Using siope to graph a linear

A I

£

.,;\,f;”::,ﬁi‘a gx@aﬂ};s S

{Section 1.4)

A qmahtaﬁve grapk 154 gp
Assusneé that 8 ﬁuﬂ;eﬂm situdtion
p depends-ont:

Qualitative graph (Section L.1}

Independent and dependent
variables {Secton L1}

dph wuimn{ scafing on thé d}wk
et ‘m{ usmw ﬁk ariables 7 and p and that

i Gan be dsxcni}

. Wecall ¢ e amlepenﬁem variable.

« We call p the dependent yariable.

For cmpha
the ‘«ﬁlﬁt.% of fhie depondont

AR mi:erx:e@t ofa
i 've got,s sipvard from: fett

Axes of a graph (Section 1.4}

Intercept {Section 1.1

Increasing carve {Section L. )

Decreasing curve (Section 1.1}

 Anord

Solution, satisfy, and solution set
of a linear equation in two
variahles (Seciion ! 2

the cyuatio

The gra)phat an gqt?dl L@n inow
of the f:qsamrz :

Graph (Section 1.2}

ntercepts of the graph of an
2} > o find the x»«worém*m, of

eqguation {Section 1.2
. ’113 ﬁzld the v«cmzdmaw of

if a md b &*:“e Gomstants, then

Equations of vertical and
horizontal tines (Section 23

If ane equa e am & :pui into
constants; then the grdph of the
m twer mrxa’iﬂes,

Linear equations in two variables
(Section 1.2)

Comparing the steepness of twe
objects {Section 1.3}

Cfop @ ach (’sb; Ci ’i‘hcz ()bjE:{,

Stope of a ponvertical Hne Lc,t t;); g_? 3

{Section 1.3}

cutve 18 am pomi whete the cu
w right; thecurve b5 an merea‘;mg cUrve.

e sl «uemem when a 1% subsﬁiﬁn{eﬁ fordn
T ’ﬁxe ‘solution sef of an eqmuon st s

0 »aﬁabiss is ihc : ;mﬁ pomrfs t}m f:urre\p

o csmparg he awspaess of twoobjects,
‘ ; "mcai distance,

1 ) and Um m) be two distinct points

L R TR
horizontal change

we describe the values.of the md::pmdem ¥
varfable. along the vertical axis.

rvee agd an axzs (or axes) intersect.

o goes dawnward from Jeft 1o right. ﬁim cum
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