identify and
graph paraliel and

perpendicular fines.

Write equations 10
describe lines parallel or
perpendicular to a given
line.

Vocaboiary
parallel lines
perpendicular lines

EXAMPLE

Slopes of Parallel and

perpendicular Lines

' parallel lines and their equations
' can be used to model costs, such
as the cost of a booth at a
farmers’ market.

To sell at a particular farmers’ market
for a year, there is @ $100 membership
fee. Then you pay $3 for each hour that
you sell at the market. However, if you
were a member the previous year, the
membership fee is reduced to $50.

« The red line shows the total cost if
you are a new member.

o The blue line shows the total cost if
you are & returning member.

These two lines are parallel. Paraliel
lines are lines in the same plane that
have no points in commor. In other
words, they do not intersect.

Total fees ($)

o 1 2 3 4
Time {h}

WORDS | Two different norivertical lines
are parallel if and only if they
have the same slope.

All different vertical lines
are parallel.

GRAPH

4 identifying Paraliel Lines

Identify which lines are parallel.

A ym%x%« S;yzz;y:%x-—s;y: —3
The lines described by y = fx+3and

are parallel.

5.9 Sjopes of paralle!l and perpendicular Lines

y= Ex — 5 both have slope % These lines
,; are parallel.The lines described by y =
1 and y = —3 both have slope 0. These lines

2




Identify which lines are parallel.

E y=3x+2;y:—%x+4;x+2y—_;.ﬂ4;ym5=3(x_,1)

Write all equations in slope-intercept form to determine the slopes.

=3x+2 y=—txtd
slope-intercept form ' slope-intercept form ¢
y—5=3(x~1)
y—-5=3x-3
_*5 _*5
¥ =3x+ 2

The lines described by y = 3x + 2
and y — 5 = 3(x — 1) have the

same slope, but they are not parallel
lines. They are the same line.

The lines described by y = M%x + 4
and x - Zy = -4 represent parallel
lines. They each have slope — .

?%Cgé , Identify which lines are parallel.
sl 1a. y_2x+2y“ 2x + 1y: _4.},: 1

1b. y_ix+8 3x+4y=32%y=35y—1=3(x+2)

EXAMPLE 2 Geometry Application
Show that ABCD isa paraﬂelogram

e formula

in a parallelogram,
opposite sides are i 3-1

parallel. slope of CD =

i ()

AB is parallel to CD because they have the same
slope.

AD is parallel to BC because they are both vertical.

Therefore, ABCD is a paralielogram because both pairs of opposite sides
are parallel.

CHECK 2. Show that the points A(0, 2), B(4, 2), C(1, =8), and D(~3, =5)
Uz, are the vertices of a parallelogram.
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ular lines are lines that intersect to form right angles (90°).

Perpendic

TR

Two nonvertical lines are Vertical lines are perpendicular to
perpendicular if and only if the horizontal lines.
product of their slopes is —1.

GRAPH

EXAMPLE 2 identifying perpendicular Lines
Identify which lines are perpendicular: x = —2iy=Ly=—4%
y+2=~—i—(x+ 1).

The graph described by ¥ = —2isa AR, Y

vertical line, and the graph described

byy=1lisa horizontal line. These

lines are perpendicular. - gt
The slope of the line described by —4 2 4,

_ _Axis —4. The slope of the line

Y
qescribed by y + 2 = 5 (x — 1) is 1. L @

cause the product of their slopes is —1.

of)--

These lines are perpendicular be

. Identify which lines are perpendicular: y = —4;y—6= 5(x + 4);
x=3,y= —éx+2.

EXAMPLE 4 Geomelry Application
A Show that PQR is a right triangle.

If POR is a right triangle, PQ will be
perpendicular to QR.

. 3—1 2
slopeof PQ=%7—"7"73
A right triangle p ¢ 3-0 3
contains one right —— 3-0_38 _ 3
angle. In Example 4, slopeof QR =377 =75~ 2
/P and ZR are ‘ . . — 2 (
clearly not right PQis perpendlcuiax to QR because 5 \m =
angles, so the only ’ . , . . . )
§ Therefore, PQR1s @ right triangle because it contains a right angle.

possibility is £Q.

4. Show that P(1, 4), Q(2, 6), and R(7, 1) are the vertices of a
right triangle.
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EXAMPLE 5 Writing Equations of Parallel and Perpendicular Lines
‘A  Write an equation in slope-intercept form for the line that passes
through (4, 5) and is parallel to the line described by y = 5x + 10.
Step 1 Find the slope of the line.
y=5x+10 The slope is 5.
The parallel line also has a slope of 5.
Step 2 Write the equation in point-slope form.
V=Y = mx = X)) Use point-slope form.
y—>5= 5(x —4) Subistitute 5 for m, 4 for x,, and 5 fory,.
Step 3 Write the equation in slope-intercept form.
y—5 - 5(x —4) \
y—5=>5x—20 Distributive Property

y=>5x—15 Addition Property of Equality

‘B Write an equation in slope-intercept form for the line that passes
through (3, 2) and is perpendicular to the line described by y = 3x — L.

Step 1 Find the slope of the line.

y=3x-1 The slope is 3.
If you know the . . . Y
slope of a line, ~ The perpendicular line has a slope of — =, because 3(—;5) =—1.
the slope of a
perpendicular line Step 2 Write the equation in point-slope form.
W”! be the "opposite Y=Yy =m(xX - %) Use point-stope form,
reciprocal.” 1 )
2 3 y=2=—— (x —3) Substitute — for m, 3 forx, and 2 for y,.
3 2 “ ’
1 Step 3 Write the equation in slope-intercept form.
1 5 P /% P p
5 N
1
1 jom Do — = {x — 3
7 - 7 ¥ 3 ( )
y—2= —%x + 1 Distributive Property
= —]‘—r + 3 Addition Property of Fgualfl
y 3 ¥

CHECK ; 5a. Write an equation in slope-intercept form for the line that passes
our! through (5, 7) and is parallel to the line described by y = Tx—6.

5b. Write an equation in slope-intercept form for the line that passes
through ( —5, 3) and is perpendicular to the line described by
y = b5x.

THINK AND DISCUSS

4. Are the lines described by y = ~2]+x and y = Zx perpendicular? Explain.
2. Describe the slopes and y-intercepts when two nonvertical lines are
parallel.
3. GET ORGANIZED Copy and complete
the graphic organizer. In each box, sketch
?xfﬂgz an example and describe the slopes.

e «w«”’*”m

parallel | | Perpendicular
lines lines
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SEE EXAMPLE

p. 361

SEE EXAMPLE

p. 362

SEE EXAMPLE

p. 363

CCE EXAMPLE

p. 363

SEE EXAMPLE

p. 364

s [dentify which lines are parallel.

i

ik

4 Identify which lines are parallel.
2. y:G;y:6x+5;y:6x~7;y:—8

2 4. Geometry Show that ABCD is a trapezoid.

sides is paraﬂe}.)

3 Identify which lines are perpendicuiar.

2.4 __3 e lix=C
5. y=3~* 4 y= 2x+2,y L, x=3
6. )/:~—E;~xw—4;y——4:~7(x+2);

e a)y—T=L(x—

rectangle, all four angles are right angles.)

line described by y = — X+ 6

i

£

i ‘fw-@
For See 5 5
Exercises Example 9. x="7)y= —«~6~x+ 8 y= ——-6x~4;x: -9
911 1 . .
B I I LS 2 y—a =i Oy -6=5 (=14
13-15 3 . é |
16 A4 1. y= ——3x+2;3y:%x~ 1 —x+2y= 17;3x +¥
17 5 : = ! 1‘

is Practice p. $13

Application Practice p- $32

12. Geometry ZShow that LMNPis a
parallelogram.

Identify which lines are perpendicuiar.

— Ry Y = ,].:v- PV I ' e —6Bx
= OX X =X ¥ X

12, y=06X55 P
6

14, y—9=3(x+ 1)%)/:-—%-x+5i‘;y:0%x:6

45, 1 6y =15y =3x— 2y = —3X~ 3ty = —6x

5-9 Slope

(Hint:Ina trapezoid, exactly one pair of opposite

7. Geometry Show that PQRSis a rectangle. (Hint:In a

8. Write an equation in “slophe—intercept form for the line
that passes through (5, 0) and is perpendicular to the

1. Vocabulary ? lines have the same slope. (Parallel or Perpendicular)

3. y:%x—l;y:—2x;ym3:%(x~5);y~ = —2(x+2)

y+1:—;:x

=27

—’~4 P, ~4)

_gizy="x—11

s of Parallel and perpendicular Lines
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MluLT-STEP

Wﬂww Ma‘»mn

E’m 16.
17.

Geometry Show that ABCis a right triangle.

Write an equation in slope-intercept form for the
line that passes through (0, 0) and is parallel to the
line described by y = —7x + 1.

Without graphing, tell whether each
pair of lines is parallel, perpendicular,

or neither.
18. x=2andy= ~
20 y=2x—1 andy:%»x%--z

29, y—

19. y=7xandy — 28 = 7(x — 4)

y
—8 -6 ‘_—21 —2 0]
7—2) -3, -3)]
._...4~..
—G +
C—4,-7) _g]
—l(x—3)andy+13=1
=7 (x—3)an y+13-.71(x+])

Write an equation in slope-intercept form for the line that is parallel to the given

line and that passes through the given point.
22. 5 (4, -3)

25.
28.

31.

y=3x+7(0,4)
y=2x+3(1,7)
y=7(24)

y= 4x+2; (5 =3)

i
23. e X
y= Z\ﬂx +
26 :L'Z ,Y—WL-»:Q?

(‘i ~5)

29. x+y=1(23)

32. y:—;—x—

1 (0, —4)

24. 4y = x; (4, 0)

27. y= 3; ~ 4 (-2,7)
30. 2x + éy 7, (4, 5)

;*\/« 44444444 ;»: sy ‘e."i
33. 3x + 4y = 8; (4, —3)

Write an equation in slope-intercept form for the line that is perpendicular to the
given line and that passes through the given point.

35. y=x—6;(—1,2)
38. y=5-"3x (2, —4)

34.
37.
40.
43,

46.

47.

48.

49.

#

50,

y=—3x+4; (6, —2)
5x + 2y = 10; (3, ~5)
2x + 3y =7 (4,5)

y=—2x+4 (-2,5)

4. 4x -2y =—6; (3, -2)

44. y=x—5;(0,5)

36. 3x — 4y = 8; (=6, 5)
39, —10x + 2y = 8; (4, —-3)
42. —2x -+ 8y = 16; (4, 5)

: (8,5)

45, 1 e yo?

Write an equation describing the line that is parallel to the y-axis and that is 6 units

to the right of the y-axis.

Write an equation describing the line that is perpendicular to the y-axis and thatis

4 units below the x-axis.

Critical Thinking Is it possible for two linear functions whose graphs are parallel
lines to have the same y-intercept? Explain.

Estimation Estimate the slope of a line that is perpendicular to the line through
(2.07, 8.95) and (1.9, 25.07).

Write Albout I Explain in words how to write an equation in siope-intercept form
that describes a line parallel to y — 3 = —6(x — 3).

gyt

51. This problem will prepare you for the Multi-Step Test Prep on page 376.

a. Flora walks from her home to the bus stop at a rate of 50 steps per minute. Write a
rule that gives her distance from home (in steps) as a function of time.

b. Flora's neighbor Dan lives 30 steps closer to the bus stop. He begins walking
at the same time and at the same pace as Flora. Write a rule that gives Dan’s

distance from Flora’s house as a function of time.

¢. ‘Will Flora meet Dan along the walk? Use a graph to help explain your answer.
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52. Which describes a line parallel to the line described by y = —=3x + 27
B y= -3 y:%x © y=2-3 y:—_;:x+2

53. Which describes a line passing through (3, 3) that is perpendicular to the line
described by y = 2x + 27

ab Ny

y=2x-2  y=3x+8
3 5%

54. Gridded Response The graph of a linear function f(x) is parallel to the line
described by 2x +y =5 and contains the point (6, ~2). What is the y-intercept

of f(x)?

55. Three or more points that lie on the same line are called collinear points. Explain
why the points 4, B, and C must be collinear if the line containing A and Bhas the

same slope as the line containing B and C.
56. The lines described by y = (a+ 12)x +3andy= 4ax are parallel. What is the
value of a?
57. Thelines described by y = (5a + 3)xandy= — %x are perpendicular. What is the
value of a?
Eiﬁ?s 58. Geometry The diagram shows a square o Y
in the coordinate plane. Use the diagram to e

show that the diagonals of a square are
perpendicular.

©0)]

59. The record high temperature for a given city is 112 °F The morning temperature today
was 94 °F and the temperature will increase ¢ degrees. Write and solve an inequality to
find all values of ¢ that would break the record for the high temperature. (Lesson 3-2)

Graph each function. {Lesso
60. y=—3x+5 61. y=x~1 62. y=x"—3

Write an equation in slope-intercept form for the line with the given slope that
contains the given point. (Lesson 5-8)

63. slope = %—; (6, —1) 64. slope = —5; (2, 4) 65. slope = ~—§~; (-1, 0)

£y

66. slope = ~»;1)—; (2, 7) 67. slope=0; (-3, 3) 68. slope = %; (—4, —2)
I
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A family (zf,z/biz,c/i,i,m/m is a set of functions whose graphs have e
characteristics in common. For example, all linear functions

1
a family. You can use a graphing calcu slator to explore fan ﬁhes
Use with Lesson 5-70 of jfU“iC'?l{ﬁY

\I \’\/\/OH) MATY LA

e s R

Graph the lines described by y 2 ym=x—by=xy=k+LysK+2,y=i+t 3,
and y = x + 4. How does the value of m Jffect the graph described by y = x + b?
All of the éum tions are in the form y = x + b. )
Enter them into the Y= editor.
" 1 By o
- g
and so on. YrEnrdE
Press | and select 6:Zstandard.
Think about the different values of
b as y@u watch the graphs being
drawn. Notice that the lines are all
parallel
veolbiny=x-+0
H Ug" OF gﬂsf\!h-«w i i{fé 5
v if B is negative.
—~10
Jl_»‘;x; — 3, y=2x— A y = 2x -1, ¥y = 2%

Was your pre 7

graph of y = mx when you

ey N

Now use your ¢
change the Vrﬁ;gﬂé‘ of m.

How do you think the lines described by y = —2X, Y=

x, and y = 2x will be related? How will they be alike? How will they be different?

£, ons given in part & Was your gimvzf.j?iatﬁimz COT
<. is positive from




Gbjective

Describe how changing E?G;ﬁé“s?ﬂo%\’&ners can use transformations

slope and y-intercept  to show the effects of price changes,

affect the graph of a . such as the price of trophy engraving.

linear function. | (See Example 5)

Vocabulary . . . .

family of functions A family of functions 154 set of fur'xcpor.ls
whose graphs have basic characteristics 1l

parent function
transformation
translation

rotation

reflection

Function notation—
F(x), g(X). and so
on—can be used in
place of y.

y = f(x)

Linear Functions

Wihie uses jﬁ&g? o R

common. For example, all linear functions
form a family because all of their graphs
are the same basic shape.

A parent function is the most basic
function in a family. For linear functions,

the parent function is f(x) = X.

The graphs of all other linear functions are transformations of the graph
of the parent function, f(x) = X A transformation is a change in position

or size of a figure.

There are three types of transformationsftmnslations, rotations,
and reflections.

Look at the four functions and their graphs below.

Notice that all of the lines above are parallel. The slopes are the same
but the y-intercepts are different.

The graphs of gy =x+3 B(x) =Xx—2 and k(x) = x — 4 are vertical
translations of the graph of the parent function, f(x) = x. A translation
is a type of transformation that moves every point the same distance in the

gsame direction. You can think of a translation as @ “slide.”

- Vertical thav= Ta
When the y-intercept b is changed in the function f(x) = mx + b, the graph is
translated vertically.

o If b increases, the graph is translated up.

o If b decreases, the graph is translated down.

A ———————

‘M

A WMMW,WW
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EXAMPLE 4 Translating Linear Functions

Graph f(x) = x and g(x) = x — 5. Then describe the transformation
from the graph of f(x) to the graph of g(x).

/

Fd
2,

y
) =‘2X_

-2 /1

The graph of g(x) = x — 5 is the result of translating the graph of
flx) = x5 units down.

weck 1. Graph flx) = x + 4 and g(x) = x — 2. Then describe the
IT OUT:, transformation from the graph of f(x) to the graph of g(x).

The graphs of g(x) = 3x, h(x) = 5x, and

k(x) = L are rotations of the graph of

f(x) = x. A rotation is a transformation
about a point. You can think of a rotation as a
“turn.” The y-intercepts are the same, but the
slopes are different.

near
- When the slope m is changed in the function f(x) = mx + b it causes a rotation of 1
SPLe k the graph about the point (0, b), which changes the line’s steepness. )

EXAMPLE 2 Rotating Linear Functions

Graph f(x) = x + 2 and g(x) = 2x + 2. Then describe the transformation
from the graph of f(x) to the graph of g(x).

A -

-4

The graph of g(x) = 2x + 2 is the result of rotating the graph of
f(x) = x + 2 about (0, 2). The graph of g(x) is steeper than the
graph of f(x).

o~ ggggg%§ 2. Graph f(x) = 3x — 1 and g(x) = —,i;x — 1. Then describe the
ou1 transformation from the graph of f(x) to the graph of g(x).
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The diagram shows the reflection
f(x) = 2x across the y-axis, producing the graph

of g(x)
across a line that pro
can think of a reflection as a “flip” over a line.

of the graph of [ y

= 2% A reflection isa transformation
duces a mirror image. You

When the slope m is multiplied by —1in f(x) = mx + b, the graph is reflected
across the y-axis.

EXAMPLE 3

ﬁ@ﬁe@%mgﬁjﬁ@ay§umgﬂ@mg

Graph f(x). Then reflect the graph of f(x
g(x) to describe the new graph.

y across the y-axis, Write a function

A fx)=x

4

To find g(x), multiply the value of m by —1.
In f(x) =x, m= 1.
E(—l) = —1 This is the value of m for g{x).

g(x) = —x

B flx)=—4x—1

Yy
glx)

09 \ |

1

To find g(x), multiply the value of m by —1.
In flx) = —4x — 1, m = -4,

she value of m for g0
] : A 7 ! ARV

—4(—1) =4 This is 1

gx) =4x—1

HECK 3. Graph f(x) = %x + 2. Then reflect the graph of f(x) across the y-
LES-LLES axis. Write a function g(x) to describe the new graph.
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EXAMPLE 4 Multiple Transformations of Linear Functions

Graph f(x) = xand g(x) = 3x + 1. Then describe the transformations from
the graph of f(x) to the graph of g(x). () = 3x

Find transformations of f{x) = x that will result
ing(xy =3x+ L

« Multiply f(x) by 3 to get fi(x) = 5x. This rotates

the graph about (0, 0) and makes o
it steeper.

o Then add 1 to f{x) to get g(x) = 3x + 1. This / -fz;:
translates the graph 1 unit up. #

The transformations are a rotation and a translation.

EXAMPLE | B

YECK 4. Graph f(x) = xand g(x) = —x + 2. Then describe the
rourt: transformations from the graph of f(x) to the graph of g(x).

Business Application

A trophy company charges $175
for a trophy plus $0.20 per letter
for the engraving. The total

charge for a trophy with x
letters is given by the function

f(x) = 0.20x + 175. How will the

graph change if the trophy’s cost is
lowered to $1722 if the charge per
letter is raised to $0.50%

f(x) = 0.20x + 175 is graphed in blue. l Letters

If the trophy’s cost is lowered to $172,
the new function is g(x) = 0.20x + 172.
The original graph will be translated 3 units down.

If the charge per letter is raised to $0.50, the new function is
h(x) = 0.50x + 175. The original graph will be rotated about (0, 175)
and become steeper.

“uECK 5. What if...? How will the graph change if the charge per letter
ouT! is lowered to $0.152 if the trophy’s cost is raised to $180?

" Knov

] gr‘f?’mf«g \
MM -

» 3. GET ORGANIZED Copyand

THINK AND DISCUSS
1. Describe the graph of f(x) = x + 3.45

2. Look at the graphs in Example 5. For each line, is every point on the
line a solution in this situation? Explain.

complete the graphic organizer. Transformations of flx) = x

Tn each box, sketch a graph of the i ‘
given transformation of f{x) = x, (Transiation ) (_Rotation ) [ Reflection ]
and label it with a possible equation.
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SEE EXAMPLE 1

p. 370 Em

SEE EXAMPLE
p. 370

SEE EXAMPLE
p. 371

Y

SEE EXAMPLE 4
p. 372

episws

SEE EXAMPLE 5
p. 372

Fo
Exercises  Bxample

20-21 1
n3 2
s 3
26-27 4
28 5

g g0 L EE
Skill; Practice p. 513 o
Application Practice.p. §32

gﬂmm

" KEYWORD: MA7 Parent D,

7 U

Vocabulary Apply the vocabulary from this lesson to answer each question.

1. Changing the value of bin fix) = mx + presultsina__ 2 ofthe graph.
(translation oY reflection)

2. Changing the value of m in f(x) = mx + b resultsina___ ¢ ofthe graph.
(translation 0X rotation)
Graph f(x) and g(x). Then describe the transformation from the graph of f(x) to the
graph of g(x)-

3. flx) = x 8(X) —x—4 4. f(x) =x,gx)=x+ 1

5. f(x) =%, gx) =X+ 2 6. flx)=x,8(x) = x= 6.5

7. f(x) = x gx) = —i—x 8. flx) = %xsr 3, g(x) =x+3
9. flx) = 2x — 2, gx) = 4x 2 10. flx) =x + 1, 8(0) = -%x +1

Graph f(x). Then reflect the graph of f(x) across the y-axis. Write a function g(x) to
describe the new graph.

11. f(x):——%—x 12. flx) =2x + 4

13. f(x) :—%x—:~6 14. fix)=5x=1

Graph f(x) and g(x). Then describe the transformations from the graph of f(x) to
the graph of g(x).
15. flx) = x, g(x) = 2x+ 2 16. f(X)zx,g(x):%—x+1

17. flx) = —x + 1, gx) = —4x 18. flx) = —x, 8(%) = —%—x <3

19. Entertainment For large parties, @ restaurant charges a reservation fee of $25, plus
$15 per person. The total charge for a party of x people is f(x) = 15x + 25. How will
the graph of this function change if the reservation fee is raised to $50? if the per-

person charge is lowered to $122

o ‘ . PROBLERM SOLY e
Graph f(x) and g(x). Then describe the transformation(s) from the graph of f(x) t0
the graph of g(x)-

20. f(x) =%, g(x):x+~12‘~ 21, flx) =x gx) =x — 4

22. fix) = %x —1,8x) = —l%x -1 23. flo)y=x+2 g(x) = %—x + 2

Graph f(x). Then reflect the graph of f(x) across the y-axis. Write a function g(x) to

describe the new grapit.

24. f(x) = 6x 25. f(x) = -3x—2

Graph f(x) and g(x). Then describe the transformations from the graph of f(x) to
the graph of g(x)-

26. f(x) = 2%, g(x) =4x—1 27. f(x)=-7x+5, g(x) = —14x
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Seattle librarian Nancy
Pearl started the

first citywide reading
program, "If All Seattle
Reads the Same Book,”
in 1998, Many cities
have since emulated this
program, attempting to
unite communities by
having everyone read

. the same book at the
same time.

MULTI-STEP
_TesT PREP
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28. Schaool The number of chaperones on a field trip must include 1 teacher for every
4 students, plus 2 parents total. The function describing the number of chaperones
for a trip of x students is f(x) = %x + 2. How will the graph change if the number of
parents is reduced to 07 if the aumber of teachers is raised to 1 for every 3 students?

Describe the transformation(s) on the graph of f(x) = x that result in the graph of
g(x). Graph f(x) and g(x), and compare the slopes and intercepts.

29. g(x) = —x 30. g(x)=x+8 31, g(x) = 3x

32, g(x) = -——27~x 33, g(x) = 6x —3 34, g(x) = —2x+ 1

Sketch the transformed graph. Then write a function to describe your graph.

35. Rotate the graph of f(x) = —x + 2 until it has the same steepness in the opposite

direction.

. Reflect the graph of f(x) = x — 1 across the y-axis, and then translate it 4 units down.

Translate the graph of f(x) = %x — 10 six units up.

Hobbies A book club charges a membership fee of $20 and then $12 for each

book purchased.

a. Write and graph a function to represent the cost y of membership in the club
based on the number of books purchased x.

b. What if...? Write and graph a second function to represent the cost of
membership if the club raises its membership fee to $30.

¢. Describe the relationship between your graphs from parts a and b.

Describe the transformation(s) on the graph of f(x) = x that result in the graph of g(x).
39. g(x)=x—9 40. g(x) = —x 41. g(x) =5x

42. g(x) = m%x +1 43. g(x) = —2x 44. g(x) = %x

45. Careers Kelly works as a salesperson. She earns a weekly base salary plus a
commission that is a percent of her total sales. Her total weekly pay is described by
f(x) = 0.20x + 300, where x is total sales in dollars.

a. What is Kelly’s weekly base salary?
b. What percent of total sales does Kelly receive as commission?

. What if...? What is the change in Kelly’s salary plan if the weekly pay function
changes to g(x) = 0.25x + 3007? to h(x) = 0.2x + 4007

46. Critical Thinking To transform the graph of f(x) = x into the graph of g(x) = —x,
you can reflect the graph of f(x) across the y-axis. Find another transformation that
will have the same result.

47. Write About It Describe how a reflection across the y-axis affects each pointon a
graph. Give an example to illustrate your answer.

i
48. This problem will prepare you for the Multi-Step Test Prep on page 376.

a. Maria is walking from school to the softhall field at a rate of 3 feet per ¢ ond.

se

Write a rule that gives her distance from school (in feet) as a function of
seconds). Then graph.

b. Give a real-world situation that could be described by a line parallel to the one
in part a.

C
time (in

¢. What does the y-intercept represent in each of these situations?

Chapter 5 Linear Functions
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49, Which best describes the effect on f(x) = 2x—5 if the slope changes to 107?

Its graph becomes less steep.
Its graph moves 15 units up.
Its graph makes 10 complete rotations.

(D The x-intercept becomes —12~

50. Given f(x) = 22X — 182, which does NOT describe the effect of increasing the
y-intercept by 1827 .
(E) The new line passes through the origin.
(@ The new x-intercept is 0.
The new line is parallel to the original.
(D The new line is steeper than the original.

51. You have seen that the graph of g(x) = X + 3 is the result of translating the graph
of f(x) = x three units up. However, you cal also think of this as a horizontal
transtation—that is, a translation left or right. Graph g(x) = x + 3. Describe the
horizontal translation of the graph of f(x) = x to get the graph of g(x) =X + 3.

52, Ifc¢ > 0, how can you describe the translation that transforms the graph of
f(x) = xinto the graph of g(x) =X+ ¢ as a horizontal translation? g(x) = x —casa
horizontal translation?

Give an expression in simplest form for the perimeter of each figure. (Lesson -7}

53. 54.
y+2

3
5x Y

Identify the correlation you would expect to see between each pair of data sets.
Explain. (Lesson 4-5)
55, the temperature and the number of people at the local ice cream parlor

56. the amount of electricity used and the total electric bill

57. the number of miles driven after a fill-up and the amount of gasoline in the tank

son 5-9)

Identify which lines are parallel. (L¢

58. y:*2x+3;y:2x;y:-2;y:~2x—4;y:»}2x;y~1:~~,12(x+6)
. 3 G 3 . 37 5 o - -
5Y. y::»5—x+&5;y:~7.;x;y+1:~w5—\x—~z);y—:§x+8;y:5x+b

Identify which lines are perpendicular. {

60. 3xw5y:5;5y:-2x—-]5;3/::3x+5;5x+3y:~21;y:%x~2

61. x:4;2y+x:6;3x~—y:12;)/:2x+3;y:ﬂ3

5.10 Transforming Linear Functions 375



Al intersections in Durango, Colorado, have
crossing signals with tirners. Once the signal changes to walk,
the rimer begins at 28 seconds and counts down to show how
much time pedestrians have to cross the street.

4. Pauline counted her steps as she
crossed the street. She counted 15
steps with 19 seconds remaining
When she reached the opposite
side of the street, she had counted
a total ﬂi’ 30 steps and had
seconds remaining. Copy and
comp;ete the table below using
these values.

g

! i
Time e !
. 28
Remalning (s)
|

H 1 1
Steps 0 1 E

: |

2. Find the average rate of change for Pauline’s

walk,

Sketchag

them on ymw gre iphmg calculator.

1. Find an eguation that ¢
£

5. How would the graph change if Pauline incre ased hex
What if she decreased her speed?




SECTION 58

Quiz for Lessons 5.7 Through 5-10

5.7 Slope-intercept Form

Graph each line given the slope and y-intercept.

1. slope = -}I; y-intercept = 2 2. slope = —3; y-intercept = 5 3. slope = —1; y-intercept = -6

Write each equation in slope-intercept form. Then graph the line described by the
equation.
4, 2x+y =23
7. Entertainment Ala chili cook-off, people pay a $3.00

5. 2x—~6y=6" "~ 6. 3x+y=3x+4

entrance fee and $0.50 for each bowl of chili they taste.
The graph shows the total cost per person as a function —
of the number of bowls of chili tasted. L5l : .
a. Write an equation that represents the total cost per person § g o i
as a function of the number of bowls of chili tasted. T ol |
) z
b. Identify the slope and y-intercept and describe their E e
meanings. 0 1 2 3 4 5
Bowls of chili
5-8 Point-Siope Form
Graph the line with the given slope that contains the given point.
8. slope = —3; (0, 3) 9. slope = —%—; (-3,5) 10. slope = 2; (=3, ~1)
Write an equation in slope-intercept form for the line through the two points.
11. (3,1) and (4, 3) 12. (-1,-1) and (1, 7) 13. (1, —4) and (=2,5)

5-9 Slopes of parailel and Perpendicular Lines
Identify which lines are parallel.

14. y:~2x;y:2x+1;y:2x;-*y::2(x+5) 15. —‘BJ/:X‘;y:"‘%‘X'*” jy=-3Gy+2=x+4

Identify which lines are perpendicular.
e liy=ltypy=4x—6x=— _3..,.3
16, y= —4x 1,y~4x,y_4mxm 6 x= 4 7. y= 43:,}/..4

at passes through (5, 2) and is

x-3y=guy=4x=3

18. Write an equation in slope-intercept form for the line th
parallel to the line described by-8x = 5y = 15.

49. Write an equation in slope-intercept form for the line that pass
perpendicular to the line described by y = -%x - 2.

es through (3, 5) and is

@ 5-10 Transforming Linear Functions
Graph f(x) and g(x). Then describe the transformation(s) from the graph
of f(%) to the'graph of g(x). ‘
20. f(x) = 5%, g(x) = —5% 21, fx) = -}Z—x 1, g = i—x 44
22. An afttorney charges an initial fee of $250 and then $150 per hour. The total bill after
x hours is f(x) = 150x + 250. Fow will the graph of this function change if the initial
fee is reduced to $2007 if the hourly rate is increased to $175?

Ready to Go On? 377
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Graph absolute-value
functions.

identify characteristics of
absolute-value functions
and their graphs.

Vocabulary
absolute-value function
axis of symmetry
vertex

Absolute-Value Functions

An absolute-value function is a function whose rule contains an absolute-value
expression. To graph an absolute-value function, choose several values of x and
generate some ordered pairs.

00 Wﬁsymmetry,
X X} = |X § F
B¢ ) MJ/f(X) =¥
-2 2 : ‘
-1 1
I3 i 4 X
0 0 2 4
1 1 I
2| 2 ~41

Absolute-value graphs are composed of two linear pieces. The axis of symmetry
is the line that divides the graph into two congruent halves. The vertex is the
“corner” point on the graph.

From the table and the graph of f(x) = | x|, you can tell that
o the axis of symmetry is the y-axis (x = 0).

o the vertex is (0, 0).

¢ the domain (x—values) is the set of all real numbers.

+ the range (y-values) is described by y = 0.

e the x-intercept and the y-intercept are both 0.
o the slope of the left linear piece is —1 and the slope of the right linear
pieceis L.

EXAMPLE 4 Absolute-Value Functions

Graph f(x) = | 2x| — 1 and label the axis of symmetry and the vertex.
Identify the intercepts, give the domain and range, and find the slope of
each piece.

Choose positive, neg

it

s andd zerc
vaiues for x, and find ordered pairs

x il ol 112
fog=|2x]—1] 3| 1|=1] 13

Piot the ordered pairs and connect them. NI

symimetry

From the table and the graph, you can tell that
try is the y-axis (x = 0).

1. o+ 1
are and 5
e the y-interceptis —1.

e the x-intercepts are

o the domain is all real numbers.
o the range is described by y = —1.
« the slope of the left piece is —2 and the slope of the right piece is 2.

3%  Chapter 5 Linear Functions



1. Graph f(x) = 3] x|and label the axis of symmetry and the vertex.
Identify the intercepts, give the domain and range, and find the

slope of each piece.

The parent function for absolute-value functions is flx) = |xl. The graphs of all other
absolute-value functions are transformations of the graph of flx) = Ixl.

WORDS EXAMPLES WORDS EXAMPLES

Horizontal

Opening Direction - v

o Ifa >0, the graph 4 / Translation
opens upward. 5 e fb>0

the graph is

translated b

units right

from () = [ x]-

o Ifb«0,
the graph is
translated b
units left from

e Ifa < 0, the graph
opens downward.

) = | x|.
Width 00 = 3 Vertical
X} = 3x it
o Iflal>1, the 9 Translation l,i‘”i
graph is narrower e Ifc > 0,the A
than the graph of graph is 0 =
) = | x| translated ¢ L oy = =2
o Ifjal <1 the units up from P
graph is wider ) = | x| 7 e
than the graph of o ifc<0,the
00 = | x|. graph is
" The slopes of the two tra‘nslated c
units down

| linear pieces are a
. and-a.

from f(x) = | x|.

EXAMPLE 2 Transforming Absolute-Value Functions

Describe the transformations from the graph of f(x) = Ix to the graph of g(x).
Then graph both functions. gbo = 2bc+ 11

A gw=2x+ 1
Identify @, b, and <.
gln) = 2lx 4+ 1l = 2lx= DI+ ¢

o = 2: graph is narrowet
! o b= -1:translated 1 unit left
| o . - (o vertical translation

Extension 379



Describe the transformations from the graph of f(x) = |x| to the graph of g(x).
Then graph both functions.

B g =—lx—3+2 RyF0) = 7

Identify 4, b, and ¢.

gx) = —|x = 3|+ 2=—1x-3[+2
e+ g = —1: graph opens downward
and width is unchanged
o b= 3: translated 3 units right
e ¢ = 2:translated 2 units up

HECK Describe the transformations from the graph of f(x) = 1x]
TOUT!. (4 the graph of g(x). Then graph both functions.

x—4f-2 2b. g(x) :%:[x\ 41

2a. glx) =

WORDS If the graph of an absolute- If the graph of an absolute-
value function opens upward, value function opens downward,
the y-value of the vertex isthe | the y-value of the vertex is the
minimum value of the function. | maximum value of the function.

EXAMPLES | f00 = 2 | x| -2 00 = | x - 1]
i
T | Vertex: (1, 0)
Maximum: 0

Vertex: (0, —2)
Minimum: —2

EXAMPLE 3 lidentifying the Minimum or Miaxinmum

Graph fx) = |x + 3| - 5. Identify the vertex and give the
minimum or maximum value of the function.
' 2 ty The vertex is (-3, -5).
T Th.e graph opens upward, so the function has a
minimum.
The minimum is -5.

PRI i

N Y
\\\f/:ﬁ

—6 4+

HECK Graph each absolute-value function. Identify the vertex and give the
OUTL phinimum or maximum value of the function.

x -+ 1}-6

3a. f(x) =-x{+5 3b. fx) =

380  Chapter 5 Linear Functions




EXAMPLE & Sports Application

In a charity race, a water stand for the
runners is halfway between the start

and finish lines. The functiony = ‘% - 3‘

models Riley’s distance y in miles from

the water stand x minutes into the race.

Distance {mi)

A How long is the race?

y= [5 — ai is graphed in biue. . i' .

' =507
At the start of the race (x = 0), Riley is g
3 mi from the water stand. The water 3‘5 : 4‘5 MS—;”

stapd is halfway between the §tart and Time (min)
finish lines, so the race1s 6 mi.

'8 How much time does it take Riley to reach the water stand?

When Riley reaches the water stand, y = 0. This happens when x = 24.
It takes Riley 24 min to reach the water stand.

'€ The functiony = l—l% -3 ‘ models Dean’s distance from the water stand
during the same race. Compare Dean’s graph to Riley’s graph. What can
you conclude about Dean’s speed?

y = E—l% - 3! is graphed in red. Both graphs start at the same point, but
Dean’s graph is translated to the right. It takes him more time to reach the
water stand and to finish the race. Therefore, he is running more slowly than
Riley.

4Eck 4. How would the graph be different for someone who runs faster
than Riley?

Graph each absolute-value function and label the axis of symmetry and the vertex.
Identify the intercepts, give the domain and range, and find the slope of each piece.

Identify the maximuin OF minimunt.
1. foo =|x|+3 2. fo) =|x + 3| 3. () :%[xl 4. f0 =x—3|

Tell whether each statement is sometimes, always, or never true.

5. The absolute value of a number is negative.
6. An absolute-value function has an x-intercept.
7. An absolute-value function has two y-intercepts.
Write a function (o describe each of the following.
8. The graph of f(x) = x| is translated 2 units right.
9. The graph of f(x) = || is narrowed and reflected across the x-axis.

10. Critical Thinking Suppose that an absolute-value function has no x-intercepts.
What can you say about the function rule?

Extension 381
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5-2 Using Intercepts (pp. 307-312)

EXAMPLE =
4 Find the x- and y-intercepts of 2x + 5y =10. Find the x- and y-intercepts.
Lety==0. Letx= 0. 13, 4 14. k\:‘y
2x 4+ 5{0) =10 2(0)+ 5y =10 +
2x + 0 =10 0+ 5y =10 21 ’
2x =10 5y =10 T
2x _ 10 5y _ 10 !
2 2 5 5 ~4%
x=5 y=2
15. 3x—y =9 16, —2x+ Yy =
The x-interceptis5. The y-intercept is 2. y y
17. —x+ 6y =18 18, 3x =4y =

‘5.3 Rate of Change and Slope (pp. 314-321)

EXAMPLE B
s Find the slope of the line. 19. Graph the data and  20. Find the slope of the
show the rates of line graphed below.
change.
Time (s) | Distance (ft)
= e change in ¥ . ;
& slope = : 0 0
= 6 T — 5
B a4 5 1 16 ot
& =>=3 e
g 2 : ! 2 64 5 foee
— 2 P 3 144 0 1 2 3 4
Length (yd 4 256 Servings
N ength (yd)
5-4 The Slope Formula (pp. 324-329)
EXAMPLE
g Find the siope of the line described by Find the slope of the line described by each equation.
2x — 3y = 6. 21, 4x + 3y =24 22. y=-3x+6
Step 1 Find the x- and y-intercepts. 23, x 4+ 2y =10 24, 3x =y +3
Lety= 0. Letx = 0. 25, y+2=7x 26. 16x =4y + 1
ox —3(0)=6 2(0)—3y=6
2x=06 ~3y =06 Find the slope of the line that contains each pair
x=3 y=—2 of points.

27. (1,2) and (2, =3) 28. (4, —2) and (-5, 7)
_3,—6)and (4,1)  30. (—12~ 2) and (i— %}

(
31. (2,2)and (2,7) 32. (1, -38) and (5, -3)

The line contains (3, 0) and (0, ~2).

Step 2 Use the slope formula. 26,
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5-8 Point-Slope Form (pp. 3571-358)

EXAMPLE

& Write an equation in slope-intercept form for
the line through (4, ~1) and (-2,8).

Step 1 Find the slope.

S 8- _9 __3
Xp — Xy —2 -4 —6 2
Step 2 Write the point-slope form.
y—8= _—%[x — f \] < hstitute into the

point-slope form.
y—8= w%(x +2)
Step 3 Write the slope-intercept form.

o b I
Solve for v

y=~—§~x+5

5.9 Slopes of Parallel and Perpendicular Lines (pp. 361-367)

Graph the line described by each equation.

48.y+3:%(x—5-'4) 49, y—1=—(x+3)

Write the equation that describes each line in'slope-
intercept form.

50. slope = 2, (1, 3)ison the line.

51. slope = =5, (=6, 4) is on the line.

52. (1,4) and (3, 8) are o1 the line.

53. (—2,4) and (—1, 6) are on the line.

EXAMPLE

g Write an equation in slope-intercept form for
the line that passes through (4,—2) andis
perpendicular to the line described by
y = —4x + 3.

The slope of y = —4x + 3 is —4.
The perpendicular line has a slope of i: and
“contains (4, —2).
y+2= J?(x — 4) Substitute into the
4 point-slope forrm.

x—3

Saolve for y.

|

y:

5-10 Transforming Linear Functions (pp. 369-375)

Identify which lines are parallel.

54. y:~—'})—)~x;y:3x+2;y:——é—x—6;y:3
- o R O .
55, y — w~4(x~}.),y.-4x-4,y-—d—x,y._-4x—2

Identify which lines are perpendicular. y

} 1 ] i
56. y— :“5(15—“6)§~}/=-§x+2§;y=5§;f)y:5x+8
57. YSZX%Y'Z:ES(X—{—1)%§y:%x~4%y:_%_x
it 3 3

5g. Write an equation in slope-intercept form for the
line that passes through (1,-1)and is'parallel to"
the line described by y = 2x —4. R

EXAMPLE

g Graphf(x)= —]z—x and g(x) = 4x + 2.Then
describe the transformation(s) from the
graph of f (x) to the graph of g(x)-

« Multiply f(x) = 5% by A
8 to get F [
This rotates the graph
about (0, 0), making
it steeper.
e Then add 2 to Jt{x} = 4%

to get g{)ﬁ v 430
This translates the
graph 2 units up.

Graph f(x) and g(x). Then describe the
transformation(s) from the graph of f(x) to the graph
of g(x}.

59. f(x) = x, gx) =Xx+ 4

60. f(x) = 4%, g(x) = —4x
61. f(x) = é-x _ 2,6 = —%’;x— 2

62. The entrance fee ata carnival is $3 and each ride
costs $1. The total cost for x rides is f(x) = X + 3.
How will the graph of this function change if the
entrance fee is increased to ¢5? if the cost per ride
is increased to $2?
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FOCUS ON SAT

SAT scores are based on the total number of items
answered correctly minus a fraction of the number of
multiple-choice questions answered incorrectly. No
points are subtracted for questions unanswered.

On the SAT, there is a penalty for
incorrect answers on multiple-choice
items. Guess only when you can
climinate at least one of the answer
choices.

You may want to time yourself as you take this practice test.

It should take you about 7 minutes (o complete.

S

1. The line through A(1, —3) and B(-2, d) has
slope —2. What is the value of d?

(&) —:3-

B) -1

©) %

o 3
(E) 5

2. The ordered pairs { (0, =3), (4, —1), (6,0),
(10, 2)} satisty a pattern. Which is NOT true?
(&) The pattern is linear.

(B) The pattern can be described by
2x — 4y = 12.

(C) The ordered pairs lieona line.
(D) (—4, 1) satisfies the same pattern.

(E) The setof ordered pairsisa function.

e

3. If y varies directly as X, what is the value of x
when y = 72¢

x |7 |12
y 28!48\72

(A) 17
By 18
(C) 24
(D) 28
(F). 36

. The line segment between the points (4, 0) and
(2, —2) forms one side of a rectangle. Which

of the following coordinates could determine
another vertex of that rectangle?

5. Which of the following has the same slope as
the line described by 2x — 3y = 3¢

(A) 3x—2y=2
2 _

(C)y 2x—2y=3

) i—x —2y=-2

() —2x—3y=2

College Entrance Exam Practice
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I multip Esg choice items, the options that are incorrect are calle
ate name, because these incorrect options car dis

is an anprop nri
coTrect answer.

v if the

Test writers create distracters by using commaon student errors, Beware!
he pr . one of the options, it may not be the

answer you get when you work the problem
correct answer.

B> 10 @ —2.5
@& 5 @ -5

Look at each option carefully.
(R This is a distracter. The y-intercept would be 10 if the function was 4x + 10 = y. A
common error is to ignore the coefficient of y.

(B> This is a distracter. Another common error is to divide by 2 inste
for y.

This is a digtracter. One of the most COmmon erers students make is confusing the
x-intercept and the y-intercept. This distracter is actually the x-infercept of the given line.

(B> This is the correct answer.

H e ot maok W% N A
Look at each @j&ﬁ@ﬁ CayChiiigy

> This if~; a dis
would get this answer if ‘yé‘m

This is «:d? stracter. You would get
y-coordinate.




When you calculate an answer to a multiple-
choice test item, try te solve the problem again
with a different method to make sure your
answer is correct.

Read each test item and answer the questions
that follow.

ftem A

A line contains (1, 2) and (-2, 14). What are the
slope and y-intercept?

Slope = —4; y-intercept = —2

Slope = 4; y-intercept = 6

© Slope = — %; y-intercept = 1

Slope = —4; y-intercept = 6

1. What common error does the slope in
choice B represent?

2. The slope given in choice A is correct, but
the y-intercept is not. What error was made
when finding the y-intercept?

3. What formula can you use to find the
slope of a line? How was this formula used
incorrectly to get the slope in choice C?

Htem B
Which of these functions has a graph that is
NOT parallel to the line described by y = —}2’—)& + 4%

1

<D, J/:G*—Z*x
© y=2x+6
-2y =—x+1

D 2y=x

4. When given two linear functions, describe
how to determine whether their graphs are
paratlel.

5. Which is the correct answer? Describe the
errors a student might make to get each of
the distracters.

ftermn C
Which of these lines has a slope of —37
y ¥y
/ . ° e
X
/ X 3 |0
—l / 0 g -
5 L3
“ [
¥ el
NI y
2 <R
X — X
— 3 lo =~
pa \ “
Y

6. Which two answer choices can be eliminated

immediately? Why?

7. Decribe how to find the slope of a line from

its graph.

8. What common error does choice A represent?
9. What common error does choice D represent?

16. Which is the correct answer?

Hem D

Which is NOT a linear function?
@E fx)=4+x

© )= -x—4

@ flx) =4x?

D [ =%

11. When given a function rule, how can you

tell if the function is linear?

12. What part of the function given in choice G

might make someone think it is not linear?

13. What part of the function given in choice

might make someone think it is not linear?

14. What part of the function given in choice H

makes it NOT linear?
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Which function has x-intercept —2

Which equation describes the relationship

between x and y in the table below?
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