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Maintaining Mathematical Proficiency

Evaluating Expressions

Example 1 Evaluate the expression 36 = (3 x 2} — 3.
(MDY —-3=36+(9x2)-73 Evaluate the power within parentheses
35+ 1§ = 3 Multipshy within parenthesss
2 =3 Divicle

= -1 S irac

Evaluate.
1. 5.2347 2. 4 =23+ 2¥ 3. 48 + 4% 4 *:

- 30 +5%.2 5. W2 +22) 6. L6+ 18) - 22

Transformations of Figures

Example  Reflect the black rectanglé in the x-axis. Then translate the new rectangle
S units to the left and 1 unit down.

k¥

a
M

Mowe each vertex 5 units

Left and 1 umit diswn T Tl

0 ; | lake the oppoate ol
ik | .'l_.||_|: _!r' .._u_|||_||r'.|||l_

Graph the transformation of the figure,

7. Translate the rectangle 8. Reflect the triangle in the 9. Translate the trapezoid
I wmit right and y-axis, Then translate 5 units down, Then
4 units up. 2 mnits Jefi. reflect in the x-axis,

1’.... _I'"'J

! .
- ]
1!

10. ABSTRACT REASONING Give an examphk: to show why the onder of operations is important
when evaluating a numernical expression. I& the order of ransformations of figures important?
Justify your answet

Dynamic Solutions available at BigldeasMath.com




1 Mathematically proficient stiudents use technological tools fo
Mathematical | aeraicat:
Practices

Using a Graphing Calculator
&) Core Concept

standard and Square Viewing Windows

A typical screen on a graphing calculator has a helght-to-width =i This i the
ratio of 210 3. This means that when vou view a graph using standard
the siandand viewing window of — 10 to 10 {on each axis), Wy
the grapt will not be shown in its tnie perspective. weindow, )

To view a graph inits tne perspective, You need to change to
a sguare viewing window, where the tick marks on the x-axis
are spaced the same as the Uick marks on the y-axis.

__|| Thisis a

| sequare
viewing

| '.'.'|J1lk.w-'.l

S EALIGERN Using a Graphing Calculator

Use a graphing calenlator to graph y = x| - 3.

SOLUTION

In the standard viewing window, notice that *—1 | This is the graph
the tick marks on the y-axis are closer together [ o the standard
than those on the x-axis. This implies that the
graph is oot shown in ifs tme pers pective,

| wewEmg vwin oo, |

tick marks on both axes have the same spacing,
This implies that the graph is shown in its
trae perspective. w1 | This is the graph ‘

In a square viewing window, notice that the /
&

in 4 Sqieare

IR iRy,

Monitoring Progress

Use a graphing caleulator to graph the equation using the standard viewing
window and a square viewing window. Describe any dilferences in the graphs.

t. y=2x-3 2, y=|x+2] 3 y=—3t+1
4 y=Vx-1 5. y=x*-2 6. y =025

Determine whether the viewing window is squane, Explain.

7. Bsxs§ -2sys% 8. —Tsxsh —2sys38
9, -§3x59 -25y%8 W -22x82 =35ys3

M. -45x53 -35y53 12, =4 5354, =35ys]

Chapter 1 Linear Functions




JUSTIFYING

CONCLUSIONS

To be proficient inmath,

you need to justify

yaur conclusions and

comm unicate them
—clearly to others.

>

Parent Functions and Transformations

Egsential Qﬂ'&ﬂiﬂﬂ What are the characteristics of some of the
basic parent funcions?

(FANeLERiel Ml Identifying Basic Parent Functions

Work with a partner. Graphs of eight basic parent functions are shown below,
Classify each fanction as consiant, linear, absolite value, quadratic, square fmol,
cubie, reciprocal, of expenettial. Jostify your reasoning,

a. 4 In, &
5 v [ Glis-n & o & &y b 8 b &

4 =

C, 4 d. 4
=h [ =h —E‘-.' L i &

I ]

[ 4 [ £
1 j [ b [

1 -4

I 4 h. 4

)

. —d

Communicate Your Answer
2. What are the characterstics of some of the basic parent functions?

3. Write an equation for each function whose graph is shown in Explocation 1.
Then use a graphing calculator to verily that your equations are correct,

Section 1.1 Parent Functions and Transformations
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What You Will Learn

B Identify families of functions,
B Describe transformations of parent functions.

e ﬁ-ll" e P Describe combinations of transformations.
parent function, p. 4
i Identifying Function Families

transkation, p 5
reflection, p. &
vertical stretch, o 6
vertical shrink, o 6

Provious

Functions that belong tothe same family share key characteristics. The parent
function is the most basic function in a family. Fonctions in the same famaly are
transformations of their parent function.

function @ Gore Concept

f;:-;zm Parent Functions

ely 5._;E Family Constant Lincar Absolute Vahw Cuadratic
scatter plot Rule finr=1 fixy=x fiz) = |z} fix) =zt

Graph Av ¥ ¥
X X
.'. i

Domain All real nurmbers  All feal aumbers All real nambers Al real numbers
Range y=1 All real numbets y20 y20

LOOKING FOR Identifying a Function Family
STRUCTURE

You can also use function
rules to identify functions.
The only varable temmn in

fis an |x|-term, so it is an
absolute value function. ST
- D The graph of fis V-shaped, o f is an absolute

valiee: fumctiod.

The graph is shifted up and is namrower than

the graph of the parent abzolote valoe function.
The domain of each function is all real members,
burt the: range of Fisy = 1 and the range of the
parent absolufe value function isy 2 0,

[dentify the fupction family to which fbelongs.
Compare the graph of fto the graph of its
parent function,

—_— )
Mon ﬂﬂrlﬂﬂ Prﬂgrﬁﬂ'ﬂ *’“’f Help in English and Spanish at BigldeasMath.com

1. Identify the function Tamily to which
g belongs. Compare the graph of g to
the graph of its parént function,

4 Chapter 1 Linear Functions



REMEMBER

The slope-intercept form
of a linear equation is

¥y = mx + b, where mis
the slope and b is the
yeintercept

REMEMEER
The function px) = —x*
iz written in function
notation, where p(x) is
another name for y.

>

Describing Transformations

A transformation changes the size, shape, position, of otentation of a graph.
A translation iz a transformation that shifts a graph horizontally and‘or vertically

bt does not change its size, shape, or orientation,

FEALININ Graphing and Describing Translations

Graph gix) = x = 4 and iz parent function, Then describe the iransfornation,

SOLUTION

The function g is a linear function with a slope
of 1 and a y-intercept of —4. 50, draw a line
through the point (0, —4) with a slope of 1.

The graph of g is 4 units below the graph of
the parent linear function f.

P So, the graph of gix) = x — 4 is a vertical
translation 4 units down of the graph of
the parent linear funclion.

A reflection is a transformation that Mips a graph over a line called the fine af
reflection. A reflected point is the same distance from the line of reflection as the
original point but on the opposite side of the line.

FENISEIEN Graphing and Describing Reflections

Graph pix) = —x* and its parent function, Then describe the transformation.

SOLUTION
The function p is a quadratic function. Use a table of values to graph ¢ach function.

x y=x’ e
-2 4 -4
=1 I =1
0 0 0
1 | =
2 4 4

The graph of pis the graph of the parent function Mipped over the x-axis.

P S0 pin) = —x%is areflection in the x-axis of the parent quadratic function.

Monitoring Progress 4’3‘ Help in Engdish and Spanish at BigideasMath.com
CGraph the function and its parent function Then describe the transformation.

2. gix)=x+3 3. Biry=(x—-2)¢ & nix) = —|x|

Section 1.1 Parent Functions and Transformations 5



Another way to transfoom the graph of a function is to moltiply all of the v-coordinats s
by the same positive factor (other than 1), When the factor is greater tham 1, the
tranzformeation s a vertical stretch. When the factor is greater than O and less than 1,
it 1% a verfical shrink.

SN NN Graphing and Describing Stretches and Shrinks

Graph each function and its parent function. Then describe the ransformation.

a glx) = 2|x] b. k) = %.r’
SOLUTION
a The function g is an absolute valoe function. Use a table of valoes to graph
the functions.
x y=lx| | y=2x|
~2 2 1
-] 1 2
0 0 0
REASONING : 1 2
ABSTRACTLY 5 3 i
To visualize a vertical
stretch, imagine pulling
the points away from
the x-axis. The y-coordinate of cach point on g is two times the y-coordinate of the
i comesponding point on the parent function.
P 5o, the graph of gix) = 2|x| is a vertical stretch of the graph of the parent
absolute value function.
i o b. The function f i3 a quadratic function. Use a table of values to graph
the functions,
Y X y = x* ¥ =g
To visualize a vertical 2 " ”
shrink, imagine pushing i3
the points toward -1 1 1
the x-ais. 0 0 "
4 1
1 1 5
2 4 | 2
The y-coordinate of each point on & is one-half of the y-coordinate of the
cormesponding point on the parent function.
L

D B Sothe Frzlph of Bix) = %.r? iz a vertical shrink of the graph of the parent
quadratic function.

Monitoring Progregse ‘ﬁ} Help in English and Spanish at BigideasMath.com
Graph the function and itz parent function. Then dezscribe the transformation.

-

5. glx) = 3x 6. hix) = 3t 7. ¢lx) = 0.2)x]

6 Chapter 1 Linear Functions



Combinations of Transformations
Yioa1 can uee more than one transformation to change the graph of a function.

AN Describing Combinations of Transformations

Use a graphing caleulator to graph gix) = =|x + 5| = 3 and its parent function. Then
describe the ransformations.

SOLUTION i

The fupction g is an abzolute valoe funciion, '

B The graph shows that gix) = —[x + 5| = 3
iz a reflection in the x-axis followed by a q
translation 5 units left and 3 units down of the
graph of the parent absolule value function. -1l

SHANERN Modeling with Mathematics

The table shows the height ¥ of a dirt bike x seconds after jumping off a ramp. What
type of function can you use to made] the data? Estimate the height after 1,75 seconids,

SOLUTION
1. Understand the Problem You are asked to identify the type of function that can
micke] the Lable of values and then o find the height ot a specific time,

Make a Plan Create a scatter plot of the data. Then use the relationship shown in
the scatter plot to estimate the height after 1.75 seconds.

3. Solve the Problem Create a scatler plot.

The data appear to e on a curve that resembles
a quadratic fupction. Sketch the curve.

P So, you can model the data with a quadratic
function, The graph shows that the height is
absout 15 feet after 1.75 secomds.

b

30

4. Look Back Tocheck that your solution is reasonable, analyze the values in the
table. Motice that the heights decrease after 1 second. Becanse 1.75 is between
1.5 and 2, the height muost be bebween 20 feot and B feet,

E=15<=3) Il/

Monitoring Progress ‘ﬁ:' Help in English and Spanish at BigideasMath.com

Uze a graphing calculator fo graph the fumction and its parent function.
Then describe the transformations,

B Mx)= —3x+5 9. dix) =3x — 5P —1

10, The table shows the amount of fuel in a chainsaw over time. What type of
function ¢an vou use to model the data? When will the tank be empty?

Time (minutes), ¥ 0 10 | 20 | 30 | 40

Fuel remaining (fluid ounces), ¥ | 15 12 o il 3

Section 1.1 Parent Functions and Transformations 7



1 .1 EKEFCISES Dynamic Solutions available at BiglideasMath.com

— Vocabulary and Gore Goncept Check
1. COMPLETE THE SENTENCE The function fix) = x*isthe of flx) = 2x¢ = 3.
Z. DIFFERENT WORDS, SAME QUESTION Which is different? Find “both™ answers.
What are the vertices of the figure after a HER qh’_
reflection in the x-axiz, followed by a translation izl ) =]
2 units right? -
What are the vertices of the figare after a = - -
translation & units up and 2 units right? - 8 G S8 A
f2
What are the vertices of the figure after B l
a translation 2 units right, follewed by a EEREE “'T 1
reflection in the x-axis? e '
What are the vertices of the figure after a
tranzlation & units up, followed by a reflection
in the x-axis?
Monitoring Progress and Modeling with Mathematics
In Exercises 3=6, identify the function family fo which 7. MODELING WITH MATHEMATICS At 5200 &M,
Jbelongs, Compare the graph of fto the graph of its the temperature is 43°F. The temperature increases
parent funclion. (See Evample 1.) 2°F each hour for the next 7 hours. Graph the

Explain.

Examples 2 and 3, )

8. px)=x+4

1. fixy=x=1

13. zix) =|x — 5|

15. hix) = —x*

17. finy =3

8 Chapter 1 Linear Functions

tlemperatires over time (1 = 0 represents 8200 an.).
What type of function can you use to model the data?

g, MODELING WITH MATHEMATICS You purchase a
car from a dealership for 310,000, The trade-in valne
of the car each vear after the purchase is given by
the function fix) = 10,000 — 250x%. What type of
function medels the rade-in value?

In Exercizes 9-18, graph the function and itz parent
function, Then describe the transformation, (Sec

W. fix=x—06

12, Mhx) = (x & 4)°

14, fix) =4+ |x]
16. glv) = —x
18. fix)= -2



In Exercises 19-26, graph the function and its parent
Tunetion. Then describye (he transformation.
(See Example 4.)

19. fix) = Ii.t 20. plx) = 4x
M. fix)= 2 22, hix) = %_::i
23. hx) =ix 24, gix) = 3x
25. Mx) =3x| 26. fix) = z|x|

In Exercises 27-34, use a graphing calculator to graph
the lunction and its parent lunction. Then describe the

transformations, (See Example 5.

27. fix)=3x+2 28. Wx)= —-x+3
29. hix)=-3x| -1  30. fix)=3x| +1
3. gy = g.ﬁ' - 32, fix)=4x? -3
33. fix)= —(x+ 3+

M. gl =-lx-1|-}
ERROR ANALYSIS In Exercises 35 and 36, identily and

correct the ervor in describing the transformation of the
parent function.

B A I
The graphis a reflectionin the x-ads

and a vertical shrink of the parent:
gquadratic function.

The graphis a translation 3 units right of
the parent absolute value function, so the
functionls f{x) =[x + 3.

Section 1.1

MATHEMATICAL CONNECTIONS In Exercises 37 and 38,
find the coordinates of the figure after the
transformation.

38, Reflect in ihe x-axis.

37. Translate 2 units
dowm.

USING TOOLS In Exercises 39-44, identily the Tunction
family and describe the domain and range. Use a
eraphing caleulator fo verily your answer

3 go=|lx+2[-1 &0 HO)=|x-3|+2

41, pix) =3x+ 4 42, fix) = =dx + 11

43. fix)=51-2 A4, fiy= -1+ 6

45. MODELING WITH MATHEMATICS The table shows
the speeds of acar as it travels through an infersection
with a stop sign. What type of funclion can you use to
mdel the data? Estimate the speed of the car when #
is 20 vards past the iptersection. (See Example &, )

Displacement from Speed
sign (yards), x {miles per hour), ¥

— 110} 4

=50 20

~10 4

0 0

L 4

50 20

100 40

46. THOUGHT PROVOKING In the same coordinate plane,
sketch the graph of the parent quadratic function
anl the graph of a quadratic function that has no
Z-intercepts, Describe the transformationiz) of the
pare nt funciion,

47. USING STRUCTURE Graph the functions
Jixy = |.=: - -l| and gix) = '.:.'| = 4, Are they
equivalent? Explain,

Parent Functions and Transformations 9



48. HOW DO YOU SEE IT? Consider the graphs of £, g, 51,

and k.

a. Droes the graph of g represent a vertical stretch

of a vertical shrink of the graph of f? Explain 52.

VOUr Feasoning.
b Describe how to transform the graph of fto obtain
the graph of f.

MAKING AN ARGUMENT Your fricmd BAVE LW
different translations of the graph of the parent linear
function can result in the graph of fix) = x = 2,1z
your friend correct? Explain.

50. DRAWING CONCLUSIONS A person swins at a
constam speed of 1 meter per second. What type
of function can be used to madel the distance the
swimamer travels? If the person has a 10-meter head

start, what type of transformation does this 3.

represent? Explain.

PROBLEM SOLVING You are playing basketball
with your friends. The height (in feet) of the ball
above the ground § seconds after a shot is released
from your hand is modeled by the function

fiy = =167 4 324 + 5.2.

a. Without graphing, identify the type of function
that models the height of the basketball.

b What is the value of { when the ball is released
from your hand? Explain your re asoning.

¢ How many feet above the ground is the ball when
it is released from vour hand? Explain.

MODEUNG WITH MATHEMATICS The table shows the

battery lives of a computer over time. What type of
function can you use to model the data? Interpret the
meaning of the x-intercept in this situation.

Time Battery life
(hours), x remaining, ¥
1 il
3 0%

5 %
i e
B ¥

REASONING Compare each function with itz parent
function. State whether it contains a ferizonial
Iminsinon, vertical troeslalion, both, or neither,
Explain yvour reasoning.
a. fix)=2x| -3

i ﬁ::' =|J|"+ 1' 'I"":I

b Sl = x — 87
d flxy = a2
CRITICAL THINKING L'se the values —1, 0 1,

and 2 in the correct box so the graph of each function
inersects the xr-axis, Explain your réasoning.

& fix) = 3x
e fix) =

+1 b fixh= | - 6] -

LR d fix) =

— Maintaining Mathematical Proficiency e owpwniiouiome o poscus gaces and iessons

Determine whether the ordered pair is a solution of the equation.
6. fix)=
58. firy=x—4;(12,8)

55. fix)=|x+2i(l -3)
. fxy=x-33,12)

Find the x-interce pt and the y-intercept of the graph of the equation.

(SEills Review Hanabook b

{3kills Review Handirook)

M, y=x 6. y=x+4+2
6. Ixr+y=1 62. r—2y=8
10 Chapter 1 Linear Functions



Transformations of Linear and

Absolute Value Functions

Essgential Qu&ﬂﬂﬂn How do the graphs of y = fix) + L,
y = fix — i), and v = —f{x) compare to the graph of the parent
function 7

Transformations of the Parent Absolute
Value Function

D’ Work with a pariner. Compare
USING TOOLS the graph of the fanction
STRATEGICALLY y=|x| +k Translormation

Ta be proficient in
math, you need to use
technological tools to fixy= |1' _
visualize results and

— explore consequences.

XPLORATION 1

FoR) o)

|
|

Lo the graph of the parent function 6

Parent functon

Transformations of the Parent Absolute
Value Function

EXPLORATION 2

Work with a pariner. Compare

gy 8 (e e 1
the graph of the function L _i”-% Jor {l
|
y=|x—h| Translormation
to the graph of the parent function A .
T 5 ¥ = i+ 3 ]
fx)=|x|. Parent lunction —

Transformation of the Parent Absolute
Value Function

Work with a pariner. Conypare
the graph of the function

EXPLORATION 3

y = —|x| Transfarmation

tothe graph of the parent function

fix)= |l.' Parent function

Gommunicate Your Answer

4. How do the graphs of y = f(x) + k. y = fix = k), and y = —f{x) compare to the
graph of the parent function f7

3. Compare the graph of each function to the graph of its parent function f. Use a
graphing calculstor Lo verily your answers are ComecL

. y=VE -4 b. y=Vr+4 c. y= =VY

d y=xi+tl e y=(x— 1) . y= =xi

Section 1.2 Transformations of Linear and Absolute Value Functions 1



L)

What You Will Learn

B Write functions representing translations and reflections,
P Write functions representing stretches and shrinks.
B Write functions representing combinations of transformations.

Translations and Reflections
You can uss function nofation to represent ransformations of graphs of functions.

&) Core Concept

Horizontal Translations Vertical Translations
The graphofy = fix — R)isa The graphofy = fix) +kiza
horizontal translation of the graph vertical translation of the graph of
of v = fix), where &t # 0, ¥ = fix), where b # 0,

¥ = fix)

Subdracting f from the inputs Adding & to the out puts shifts the
before evaluating the function graph down when & <0 and up
ghifts the graph left when i <0 whenk =0,

and right when A > (.

SOOI  Writing Translations of Functions

Let fix) = 2t -+ 1.
a, Write a function g whose graph is a translation 3 units down of the graph of f,
b. Write a function & whose graph 15 a translation 2 units to the left of the graph of f.

SOLUTION
4. A translation 3 units dewn is a vertical translation that adds —3 to each output vahe.
20X = f{x) + {(=3) Add = % 1o the outpan
=2k | (=3) Substinate 2x + 1 lor fx),
=2y — 32 Sienpliby.

The translated funclion is #ix) = 2v — 2.
#ix)

b. A translation 2 units to the left is a hocizontal translation that subtracts -2 from
each input value.

Hx) = fix — (-2 Subtract — 2 from the nput.
= fix +2) Pukd the apposite,
=Xr+2+1 Replace x withx + 2 im fx),
=2+ 5 Sienpliby,

P The iranslated function is k(x) = 2x + 5.

12 Chapter 1 Linear Functions



Gy Core Concept

STUDY TIP

When you reflect a
function in a line, the
graphs are symmetric
about that line,

>

Check
1]
T i
= 1 b " bbb | 100
/\)ﬂ
= |

Reflections in the x-axis Reflections in the y-axis

of ¥ = F(x).

Multiplying the outputs by —1 Multplying the inpuls by —1
changes their signs. changes their signs.

AR Writing Reflections of Functions

Let fix) =[x+ 3|+ 1.

#. Write a function £ whose graph is a reflection inthe v-axis of the graph of .
b, Write a function f whose graph is a reflection in the y-axis of the graph of .

SOLUTION
a. A reflection in the x-axis changes the sign of each output vahe.
mxy = —fix) Kol biply e ouiput by —1.
= —{!.t 3| + I;I Substiute lx + 3| + 1 for fx).
==|x+3[ -1 Distribastove Property

P The reflected function is g(x) = —|x + 3| = L.
b. A reflection in the y-axis changes the sign of each input value.

x) = f—x) Iultiply e ingat by —1.
=|=x+3|+1 Replace x with —x m fx}
=|=(x=-%+1 Factor oul —1.
=|=1]+lx-3|+1 Product Property of Absolute Value
= |x = 3| +1 Simplify;

P The reflected function is fx) =[x — 3| + 1,

The graph of y = —fix) is a The graph of ¥ = fi—x) is a reflection
reflection in the x-axis of the graph in the y-axis of the graph of y = fix).

Mﬂ“ﬂ'ﬂriﬂﬂ Prﬂgrﬂfﬂ ‘ﬁl Help In English and Spanish at BigideasMath.com

Write a iunetion g whose graph represents the indicated fransformation of the

graph of f. Usé a graphing caleulator to check your answer.,
1. fix)y = 3x; translation 5 units up

2, fix) = |x| = 3; translation 4 units to the right

3. fix) = —|x + 2| — 1; reflection in the x-axis

4. fix) = Lx + 1; reflection in the y-axis

Section 1.2 Transformations of Linear and Absolute Value Functions
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Stretches and Shrinks

In the previons section, you kearned that vertical sretches and shrinks transform
graphs. You can also use horizoniaf siretches and shrinks to transform graphs.

G) Core Concept

STUDY TIP

The graphs of y = f{—ax)
and y = —a - fix) represent
a stretch or shrink and

a reflection in the x- or
w-axis of the graph

of y = filx). D‘

Check

=11

Horizontal Stretches and Shrinks
The graph of ¥ = fiax) is a horizontal stretch R |
or shrink by a factor ﬂf%ﬂfﬂl&gﬂ?ﬂ[ﬁ of
y = fix), where a > Oanda # 1.

Multiplving the inputs by a before evalnating

the function stretches the graph horizontally "The y-infercept

{@way from the y-axis) when 0 < @ < 1, and stays the same
shrinks the graph horizontally (toward the

y-axis) when a = 1.

Vertical Stretches and Shrinks vo=a- fix),

The graph of ¥ = a = fix) i5 a vertical stretch or .1

shrink by a factor of @ of the graph of ¥ = fix),
wherea = Oanda # 1.

Multiplving the outpuis by a sirefches the graph -
vertically (away from the x-axis) whena > 1,
and shrinks the graph vertically (toward the

T-axisiwhen( < a < 1.
N

“The x-infercepl
stays the same.

S ENANIEN  Writing Stretches and Shrinks of Functions

Let fix) = |x — 3| — 5. Write {a) a function g whose graph is a horizontal shrink of
the graph of fby a factor of } and (b) a function f whose graph is a vertical stretch of
the graph of Fbw a factor of 2,

SOLUTION
a. A horizontal shrink by a Tactor El-f% rultiplies each inpat value by 3.
nx) = fidx) Multiply the irgsut by 3.

=|3x-3|~-5 Replace x with 3x in /),
P The transformed fonction is gix) = [3x = 3| = 5.
b, A vertical stretch by a factor of 2 multiplies e ach output valae by 2.

h{x) = 2 = fix) Multaply the cutput by 2.
=2.{|x=3| -5} Substitute [x — 3] — 5 for f{z),
= Hx =3| =10 Distrabutive Property

P The iransformed function is Mx) = 2x — 3| = 10,

Monitoring Progress 4’7‘\5' Help in English and Spanish at BigidessMath com

Write a funciion g whose graph represenis the indicated transformation of the
graph of f. Use a graphing calculator to check your answer.

3. fix) = 4x + I: horizontal stretch by a factor of 2
6. fix) = |x| = 3; vertical shrink by a factor of

14 Chapter 1 Linear Functions



Combinations of Transformations

You can wrile a flunction that represents a series of ransformations on the graph of
another function by applying the transformations one al a Lime in the stabed order.

ST N Combining Transformations

Let the graph of g be a vertical shrink by a factor of 025 followed by a translation
3 units up of the graph of f(x) = x. Write a mle for g.

SOLUTION
Chock Step 1  First write a function /i that represents the vertical shrink of [
17 Mx) = 25« fix) Pultiply the output by 0,25,
) = 025 Susbstitute x for fx)
q Step 2 Then write a function g that represents the translation of f.
= it pix) = fix)y + 3 Add 3 1o the outpus.
= =(25x + 3 Suebs titute 0,25 for A,

P The ransformed function i g(x) = 0.25x + 3.

FEALIEN Modeling with Mathematics

You dezsign a computer game, Your revenue for x downloads is given by fix) = 2y,
Your profit is $350 kess than 20% of the revenue for x downloads, Do scribe how to
transform the graph of fto model the profit. What is your profit for 100 downloads?

SOLUTION

1. Understand the Problem You are given a function that represents vour reveme
and a verbal statement that represents vour profit. You are asked to find the profit
for 100 downloads.

Make a Plan Write a function p that represenis vour profit. Them use this funchion
to find the profit for 100 downloads.

3. Salve the Problem profit = 90°% « revenue — 50
v =09« fix) - 50
pix) ‘-lﬂf} g

b

: Trarslation 50 units dowm ]

= 0.9+ 2r — 50 Subsntute 2x for fx)
= 1.8x — 30 Simplify,
To find the profit for 100 downloads, evaluse @ when v = 100,
P00y = 1.8(100) — 50 = 130
P Your profit is $130 for 100 downloads.

4. Look Back The wertical shrink decreases the slope, and the translation shifts the
graph 50 units dewn. So, the graph of p is below and nof as steep a8 the graph of £

| Wertical shrink by a Factor uﬂ*.l.'l_.;“

200

ag o M
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7. Letthe graph of g be a translation & units down followed by a reflection im the
x-axis of the graph of fix) = |x|. Write a mle for g, Use a graphing calculator to
check vour answer,

8. WHAT IF? In Example 5, vour revenue function is fix) = 3v. How does this affect
your profit for 100 downloads?

Section 1.2 Transformations of Linear and Absolute Value Functions 15



1.2 Exercises

Dynamic Solutions available at BigldeasMath.com

— Vocabulary and Core Goncept Check

function fix) = |x| - 4.

Explain your reazoning,

Translate the graph of fix) = Ir + 3
up 2 units.

Stretch the graph of fix) = x 4 3
vertically by a factor of 2.

1. COMPLETE THE SENTENCE The function gix) = I:'ir| -4 iz ahorizontal of the

2. WHICH ONE DOESN'T BELONG? Which transforrmation does o belong with the other three?

Shrink the graph of fix) =x + 5
horizontally by a factor of

Translate the graph of fix) = 2x + 3
left 1 unit.

Monitoring Progress and Modeling with Mathematics

In Exercizes 3-8, wrile a lunction g whaose graph
represents the indicated transformation of the graph
of f, Uz a graphing calculator to check your answer
(5ee Exarnple 1)

3. fix) =x — 5; wranslation 4 units to the left

4. fx) =x -+ 2, ranslation 2 units to the right
5. fix) = |4x + 3| + 2; translation 2 units down
6. fx) = 2xr — % translation & units up

7. fivy=4-|x+1] 8 fix)=|4c|+5

9., WERITING Describe two different translations of the
graph of fthat result in the graph of g.

16 Chapter 1 Linear Functions

10. PROBLEM SOLVING You open a café. The function
Sfix) = 4000x represents your expected net income
{in dollars) after being open 1 weeks. Before you
open, you incur an extra expenss of $12,000. What
transformation of fis necossary to mode] this
situation? How many weeks will it take to pay off
the exira expense?

In Exercizes 11-16, write a fumction g whose graph
represents the indicated transformation of the graph
of f. Use a graphing calculator (o check your answer
(See Exampic 2.)

1. fix) = =5y + 2; reflection in the x-axis

12. fix)= :: — 3 reflection in the x-axis

13. fix) = |6x| = 2; reflection in the y-axis

14, fix) = |2y = 1| + 3; reflection in the y-axis
15. fix) = =3 + |x — 11}; refection in the y-axis

16. fix) = —x + 1; reflection in the y-axis



In Exercises 17-22, wrile a function g whose graph

e presents the indicated transformation of the graph
of f. Use a graphing calculator to check your answer.

(See Example 3.)

17, fx) = x + 2; vertical strefch by a factor of 5

18. fix) = Zv + 6; vertical shrink by a factor -::lf;

19. fix) = |2x| + 4; horizontal shrink by a factor nflz
20, fix) = |x 4+ 3| horizontal stretch by a factor of 4

21.

22,

ANALYZING RELATIONSHIPS A
In Exercises 23<26, match the

raph of the fransformation of f
with the corvect equation shown, f
Explain your reasoning.

23. v 24. v
b r
25- Jl_'r' Iﬁ- W
% :
A. y = Nix) B. ¥ = filx)
C y=fix+2) D. y=fx)+ 2
Section 1.2

In Exercises 27=-32, wrile a function g whose graph
represents the indicated transfovrmations of the graph
af f. (See Example 4.)

27.

28.

29,

30.

31.

Jix) = x; vertical stretch by a factor of 2 followed by a
translation I unit up

[ix) = x; translation 3 units down followed by a
vertical shrink by a factor of ;—

Jix) = |x|; translation 2 units to the right followed by
a horizontal stretch by a factor of 2

fixy = |x|; reflection in the y-axis followed by a
translation 3 units to the right

32, fix) = |x|

fixy = x|

ERROR ANALYSIS In Exercises 33 and 34, identify and
correct the error in writing the function g whose graph
represents the indicsted transformations of the

graph of f.

33.

3.

35.

f(x) = | x|; translation
2 units to the right followead
by a translation 2 units up

X

frj=x+3 +2

fix) = x; translation

& unlts down followed by a
vertlcal streteh by a factor
of 5

@x)=5x—6

MAKING AN ARGUMENT Your friend claims that
when writing a function whose graph represents

a combination of transformations, the order is not
important, [s vour friend comect? Iustify your answer,

Transformations of Linear and Absolute Value Functions 17



36,

MODELING WITH MATHEMATICS During a recent
period of time, bookstore sales have been declining,
The sales (in billiong gf dollars) can be modeled by
the function fif) = =i + 17.2, where 1 is the mumber
of vears singe M6, Suppose sales decreased at twice
the rate. How ¢an you transform the graph of f1o
mide] the sales? Explain how the sales in 2010 are
affected by this change. (See Example 5.)

MATHEMATICAL CONMECTIONS For Exercises 37-40,
describe the transformation of the graph of fio the
graph of g. Then find the area of the shaded (rangzle,

2.

41. ABSTRACT REASONING The functions f{x) = mv + b

38. flx) = —|x| -2

fixy = |x-3|

and gix) = mx + ¢ represent two parallel lines.

2. Wrile an expression for the vertical translation of
the graph of fto the graph of g

b LUse the definition of slope 10 write an expression
for the horizontal translation of the graph of fto
the graph of 2.

42,

43.

45,

HOW DO YOU SEE IT? Consider the graph of
fix) = mx + b. Describe the effect each
transformation has on the slope of the line and
the intercepts of the graph,

by

'

a. Reflect the graph of fin the y-axis.
b, Shrink the graph of f vertically by a factor of 5.
¢. Stretch the graph of fhorizontally by a factor of 2.

REASONING The graph of gix) = —4|x| + 2isa
reflection in the y-axis, vertical stretch by a factor

of 4, and a translation 2 units down of the graph of
its parent function. Choose the commect order for the
tranzformations of the graph of the parent function to
obtain the graph of g. Explain your reasoning,

THOUGHT PROVOKING You are planning a
crogs-country bicycle trip of 4320 miles. Your distance
o (in miles) from the halfway point can be modeled
by d = 72|x — 30|, where x is the time (in days) and
x = Orepresents June 1. Your plans are altered so that
the model is now a right shift of the original model.
Give an example of how this can happen. Sketch both
the original model and the shifted model.

CRITICAL THINKING Use the correct value O, —2, or |
with &, b, and ¢ so the graph of gix) = ajx — b + cis
a reflection in the x-axis followed by a translation one
unit to the left and one unit np of the graph of
fix) = 2lx = 2| + 1. Explain your reasoning.

—Maintaining Mathematical Proficiency roicwnz o isamet in smscus grades sndtessons

Evaluate the function for the given value of x.
46. fix)=x+4x=73
48. fix}=—-x+3x =35

Create a scatter plof of the data.

30, a1,

X 8 10 | 11 | 12 | 15
flx)| 4 9 | 10| 12 | 12

{5kiills Review Handbooks
4t fix)=4x— 1L;x = —1
49, fix)=-Ix-2x= -1

(Skills Review Handbook)

X

fix)

18
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1.1-1.2 What Did You Learn?

Core Yocabulary

parent function, @, reflcction, p. 5

transformation, g 5 vertical stretch, p. &

iranzlation, p. 5 vertical shrink, p. &

Core Concepts

Section 1.1

Parent Functions, p. 4 Describing Transfornmations, p. 5
Section 1.2

Horizontal Translations, p, 7 2 Eeflections in the y-axis, p. [7

Vertical Translations, p. 12 Hocizontal Stretches and Shrinks, g 14
Reflections in the x-axis, p. {3 Vertical Stretches and Shrinks, p. {4

Mathematical Practices

1. How can you analyze the values given in the table in Exercise 45 on page 9 to help you
determine what type of function models the data?

2. Explain how you would round your answer in Exercise 10 on page 16 if the extra expense
is $13,300.

e s e Study Skills - = = = = cc e e e e A

Taking Control of
Your Class Time

Sitwhere you can easily see and hear the teacher, and the teacher can see you
Fay attention to what the teacher says about math, not just what is wnitien
on the boand
Ask a queston if the teacher is moving through the material too fast
Try to memorize new information while learming it
A<k for clanfication i you do not understand something
Think & infensely a5 1f you were going to take a guiz on the
matenal at the end of class
7. Volunteer when the teacher asks for someone 1o goup

1o the board
8. Al the end of class, identify concepts or problems for

which you still need clanfication
9. Lke the tulonak at Bigideashdath com for additional help

P =i

..____________________
;b w



Tdentily the function family to which g belongs. Compare the graph of the function to the graph of its
parent function. (Secsion 1.0)

# o] “ll'r . il = - P Ll - % [t = be+ 1 .-.-!:.:. 8 | 8
NN oEi NCHT EENEAT
- 7 i

i f { ; ! IR

K} = 2x + 1)

Graph the function and itz parent function. Then describe the fransformation, (Sectfon 10)

4 fi)=3 5. fix) =3x 6. fix) = 2{x - 1)?

7. fioy=—|x+2|-7 g flp=12+1 9. fix)=—3x—4
Write a function g whose graph represents the indicated transformation of the graph of £, (Seclion 7.2)
10. fix) = Zx + 1: ranslation 3 units op 1. fix) = —3|x — 4|; vertical stuinkh:rﬂl’&:[urﬁ!'%
12, fix) = 3x + 5|; efection in the x-axis 13. fAx) = ?1 - ; translation 4 units lefl

Write a function g whose graph represents the indicated transformations of the graph of f. (Secigen 1.2)

14, Let g be a translation 2 units down and a horizontal shrink by a factor of f‘; of the graph
of Ax) =x.

15. Lét g be a translation 9 units down followed by a reflection in the y-axis of the graph
of fix) = x.

16. Let g be a reflection in the x-axis and a vertical stretch by a factor of 4 followed by a
tranzlation 7 units down and | unit right of the graph of fix) = |x].

17. Let g be a translation 1 unit down and 2 onits left followed by a vertical shrink by a factor
of = of the graph of fix) = [x].

18, The table shows the total distance a new car travels each month after it iz purchased.
What tvpe of function can vou use to made] the data™ Estimate the mileage after
1 yviear, (el I )

Timve (months), x 0 2 3 il o

Distance (miles).y | 0 | 2300 | 5750 | 6900 | 10350 |

19, The total cost of an annual pass plus camping for x days in a National Park can be
miodeled by the function fix) = 20r + 80, Senior citizens pay half of this price and
receive an additional 330 discount. Dxescribe how to transform the graph of flo model
the total cost for a senior citizen. What is the tolal cost for a senior citizen (o go camging
for theee days? (Section 1.2)

20 Chapter 1 Linear Functions



1.3 Modeling with Linear Functions

Egsential Qﬂ'&ﬂiﬂﬂ How can you use a linear function to mode] and

analyze a real-life situation?

SR LENI RN Modeling with a Linear Function

Work with a pariner. A company purchases a S e zE
copier for $12,000. The spreadsheet shows how 1| Year,t Value, V
the copier depreciates over an 3-year period. 5 - 0 $12.000
a. Write a linear function (o represent the 3 1 $10.730|
value Vof the copier as a function of the 4 2 35500
number § of years. =] 3 :E.i"&l:l
b. Skeich a graph of the function, Explain why 2 ; 5:2:5
MODELING WITH this type of depreciation is called straighs 8 6 “'mn
cpditietalliog :JT mf:fszm of the graph in the context E T |
L ¢. Interpr e e graph in the contex 10 ,
To be proficient in math, of the nroblem. & Far i

you need to routinely
interpret your results
in the context of the
situation.

e ENlel' Pl Modeling with Linear Functions

Work with a partmer. Match each dezcription of the siluation with itz cormesponding
graph. Explain your reasoning.

a, A person gives 320 per week (o a friend to repay a $200 loan.
b, Anemplovee receives $12.50 per hour plus 52 for each unit produced per hour.

¢. A sakes representative receives 330 per day for food plas 30565 for each
mile driven.

d. A computer that was purchased for $750 depreciates $100 per year.

A TR T B. ]
20—t —{=1
[ 7 _ 0. [
Communicate Your Answer

3. How can you use a linear fupction to model and analvae a real-life situation?
4. Use the Internet or some other reference to find a real-life example of
straight line depreciation.
a. Use a spreadshect to show the depreciation.
b, Write a function that models the depreciation,
¢, Sketch a graph of the function,

Section 1.3 Maodeling with Linear Functions 21



Core Vocabulary

fneof fit. p 24
kne of best fit, p 25
cormelation coefficient, p 25

Previous

slope
slope-intercept form
point-slope farm
scatter plot

Asteroid 2012 DA13
frrrtri—
G280 11

>

REMEMBER

An equation of the form

¥ = mx indicates that x
and v are in a proportional
— relationship.

What You Will Learn

B Write equations of linear functions wsing points and slopas,
B Find lines of fit and lines of best fit.

Writing Linear Equations

@ Core Concept

Writing an Equation of a Line

Criven slope m and y-inlercepl & Use shope-intercept form:
y=mx+ b

Given slope m and a point (x,, v, Lise proant-slope Toom:

¥R =mg-x)

Given points (x,, y, ) and (x;. ¥;) First use the slope formula to fnd m.
Then vse point-slope form with either
given point.

.

SN  Writing a Linear Equation from a Graph

The graph shows the distance Asteroid 2012 DAT4 travels in x seconds. Write an
eoquation of the line and interpret the slope, The asteroid came within 17,200 miles
of Earth in February, 2013, About how long does it take the astereid Lo travel

that distance?

SOLUTION

Fromithe graph, you can seée the slope ism = ? = 4.5 and the y-inlercepl iz b = 0,
Use shope-intercept form to write an equation of the line.
y=mx+b Slope-antecept lorm
=48x+0 Subsstitute 4.8 for m and O for b

The equation is y = 4.8 The slope indicates that the asteroid travels 4.8 miles per
second, Use the equation to find how long it takes the asteroid to travel 17,200 miles,

17,200 = 4 8 slbstitute 17,3700 tor v,
3583 = x [usnche eadh side by 4.8

P Because there are 3600 seconds in 1 hour, it takes the asteroid about 1 hour to
iravel 17,200 miles,

Hﬂ“ Hﬂriﬁg Prﬂgrﬂrﬂﬂ' 41?: Help in English and Spanish at BigideasMath.com

1. The graph shows the remaining Car Loan
balance ¥ on a car loan after
making x monthly payments.
Write an equation of the line and
interpret the slope and y-intercept.
What is the remaining balance
after 36 payments?

O TTTTTTTT]

Balance
(thousands of dollars)

22 Chapter 1 Linear Functions



Lakeside Inn
Mumber of Total
students, x | cost, y

100 B1500

125 F1500

150 SX100

175 B0

200 SXT00

SEANIEN  Modeling with Mathematics

Two prom venues charge a rental fee plus a fee per sident. The table shows the total
coss for different mimbers of students af Lakeside Inn. The total cost v (in dollars) for
X students at Sunview Resort is represented by the equation

y = 1 + 600,

Which venue charges bess per student” How many students must attend for the todal
cosls Lo be the same?

SOLUTION

1.

Understamd the Problem You are given an equation that represents the total cost
at one venue and atable of valpes showing total costs at another venge. Yoo pead
to compare the costs.

Make a Plan Write an cquation that models the total cost at Lakezide Tnn, Then
compare the slopes to determine which venue charges kess per student, Finally,
eguate the cost expressions and solve to determine the npumber of siudens for
which the total costs are equal.

Solve the Problem First find the slope using any two points from the table, Use
(¥, %) = (100, 1500) and (x, ¥;) = (125, 1800},

.I_”::F-E_Ii.z lm_ ljmzﬁ

Xy — Xy 125 — 100 25

Write an equation that represents the tolal cost at Lakeside Inn using the slope of
12 and a paoint from the table, Use (x,, v, ) = (100, 1500},

=12

y— % =mx—-x) Paant-slope form
¥ = 13N = 12(x — 1) Subtshiute for m, &, and y,,
y — 1500 = 12y — 1200 Distrilaatnee Property
y = 12x + 300 Ackd 15400 1o each sade.

Equate the cost expressions and solve.

10w 4+ 600 = 12 4 300 Sl cost expressions el
300 =2y Combsine bike terms,
1) =x Dreide each side by 2

P Comparing the slopes of the equations, Sunview Resort charges $10 per
sindent, which is less than the 512 per stodent that Lakezide Inn charges,
The total costs are the same for 1530 smdents.

Look Back MNotice that the table shows the tofal cost for 1530 shirde nts at Lakeside
Inn is $2100. To check that your solution is comrect, verify that the total cost at
Sunview Resor 15 also 52100 for 150 students.

vy = 150 4+ 600 Subshiute 150 forx,
= 2100 t‘/ Simiplify;

P— i
Monitoring Progress 45}5 Help in English and Spanish at BigideasMath.com
2. WHAT IF? Maple Ridge charges a rental fee plus a $10 fee per student. The total

cost iz $ 1900 for 140 sudents, Describe the number of students that noust attend
for the total cost at Maple Ridge to be less than the total costs at the other two
venies. Use a graph o justify your answer.
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::;: . | meight.y
40 170
45 183
32 151
50 195
37 162
41 174
30 141
34 151
47 185
45 182

24 Chapter 1

Finding Lines of Fit and Lines of Best Fit

Diata do not always show an avact linear relationship. When the data in a scatter plot
show an approximately linear relationship, vou can model the data with a line of fit.

G) Core Concept

Finding a Line of Fit
Btep 1 Create a scatier plot of the data,

Step 2 Sketch the line that most closely appears to follow the trend given by
the data points. There should be about as many points above the line as
below il

Step 3 Choose two points on the line and estimate the comrdinates of cach point,
These points do nof have to be original data points,

Step 4 Write an equation of the line that passes through the two points from
Step 3. This equation is a made] for the data.

EXAMPLE 3

Finding a Line of Fit

The table shows the fermr lengths (in centimeters) and heights (in centimeters) of
several people. Do the data show a lincar relationship? I o, wrile an equation of a line
of fit and use it to estimate the height of a person whose fermr is 35 centimeters long.

SOLUTION
Step 1 Create a scatter plot of the data.
The data show a linear relationship, Ao R
Step2 Sketch the line that most closely appears 'E a0, ”':"]
to fit the data. One possibility is shown. .E E —3 (50, 1‘1‘.}
Step 3 Choose two points on the line. 8 gof 1111 P11
For the line shown, you might E_ =111
choose (40, 170) and (50, 195). O S 0 30 &
Stepd4 Wrile an equation of the line. ‘{?ﬂm:r hﬂgﬂ;
contimeters,

First, find the slope.

BTN _195-170 25 _ .,
=% -4 W "

Llse point-slope form to write an equation, Use {x;, v, ) = (40, 170},

¥— ¥ =mx —x,) Point-slope form
y— 170 = 2.5(x — 40) Substwite for m, x,, and y,.
¥y — 170 =25 — 100 Dustmbiitive Progeity
y=2xr+ 70 Ak 170 to eadh side
Uz the equation to estimate the height of the poerson,
y=215(35)+T70 Substitute 35 for .
= 151.5 samplify.

h- The approximate height of a person with a 35-centimeter fermur is
157.5 centimeters,

Linear Functions



The Bne of best fit is the line that lies as close as possible to all of the data points,
Many technology tools have a linear regression feature that vou can use (o find the line
of best it for a el of data.

The correlation coelficlent, denoted by r, is a number from — 1 to 1 that measures
how well a line fits a set of data pairs (3, ¥). When ris near 1, the points lie close to
a line with a positive slope. When r is near — 1. the points lie close to a line with a
negative slope. When r s pear 0, the points do not lie close to any line.

AN Using a Graphing Calculator

Uze the linear regression feature on a graphing calculator to find an equation of the
line of best fit for the data in Example 3. Estimate: the height of a person whosa fe muor
iz 35 centimeters long. Compare this height to your estimate in Example 3.

SOLUTION
Step 1 Enter the data into Step 2 Use the linear regression
bwi lists, featurs, The line of best it is
y = 26y 4+ a5,
L3
Linkeg
=+l
an , S035 0555
b=dbh , FREEL DV &
15 i PRU0SE0L T
JRLE R0 The value of —fe FE.99451 84499
ris chose to

Step 3 Graph the regression equation Step 4 Use the tmce feature to find the
with the scatter plot. vahee of ¥ when x = 35.

FalL

[::? %

ATTENDING TO o

PRECISION B The approximate height of a person with a 33-centimeter ferur is

Ee sure to analyze the 156 centimeters. This is less than the estinate found in Exanple 3.
data values to help you

select an appropriate

iewi iriel fiy ¥ i
._::::: ;?ﬂ:;: e ter Monitoring Progress 4@ Help in English and Spanish at BigideasMath. com

3. The table shows the home s lengths (in centimeters) and heights
(im centimeters) of several fermales.

Humerus length, > | 33 | 25 | 22 | 30 | 28 | 32 | 26 | 27
Height, y 166 | 142 | 130 | 154 | 152 | 159 | 141 | 145

a. Do the data show a linear relationship? 1T &0, write an equation of a line
of fit and use it to estimate the height of a fermale whose harmens is
40 centimeters long.

b, Uge the linear regression feature on 3 graphing calculator £o find an equation
of the line of best fit for the data. Estinate the height of a female whose humermns
i 40 centimeters long. Compare this height to your estimate in part (a).

Section 1.3 Maodeling with Linear Functions 25



1 " 3 EK'E rC|5E5 Dynamic Solutions available at BiglideasMath.com

— Vocabulary and Core Concept Check

1. COMPLETE THE SENTENCE The linear equation y = 1—; + 3 is written in | form.

2. VOCABULARY A line of best fit has a correlation coefficient of —0.98. What can you conclude about
the slope of the line?

Monitoring Progress and Modeling with Mathematics

In Exercizes 3-8, use the graph to write an equation of 9. MODELING WITH MATHEMATICS Two newspapers
the line and interpret the slope. (See Example 1. ) charge a fee Tor placing an advertize ment in their
paper plus a fee based on the number of lines in the
3. I Gasoline Tank Advertizement, The table shows the total costs for
50 1 1 1 different length advertisements af the Dhaily Times,
il The todal cost v (in dollars) for an advertizement that
is x lines long at the Greenville Journal is represe nted
by the equation ¥ = 2v + 20. Which newspaper
charpes less per line? How many lines must be in an
advertisgeme nt for the tolal costs to be the game?
e e (Fee Example 2.)

Distance (miles) |

]

Tip (dollars)

Fuel {gallons)
S

Daily Times

Humber of Total
lines, x cost, v

4 21
ELL
33
3G
39

Tree height (feet)
o = O LA

10. PROBLEM SOLVING While on vacation in Canada,
you notice that termperatures are reported in degrees
Celsing. You know there is a linear relationship

7. [ Typing Speed 8. swimming Pool betwesn Fahrenheil and Celsinz, bt you forpet the
] = formula, From science class, you remember the
- | | freezing point of water is 0°C or 32°F and its boiling
¥ o, 1650 | | % oo paint is 100°C or 212°F
2 o |3
ot B N E 2 a. Write an equation that represe ts degrees
g skl 33 1! 5 g Fahrenheit in terms of degrees Oclsius.
...... | | = i} 3 F] "
l - Time (hours) b. The temperature outgide is 22°C. What is this
temperature in degrees Fahrenheit?

¢. RewTite vour equation in part (a) to represent
degrees Celsius in terms of degrees Fahre nheit.

d. The termperatire of the hotel pool water is 83°F
What iz this temperature in degrees Celzins?
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ERROR ANALYSIS In Exerclses 11 and 12, describe and

correct the error in interpreting the slope in the contex

off The situation,

1.

" X

X

- =
LIt L
] ]

—
=]

Balance {dollars)

Savings Account
" Pere—

The slope of thalina s 10, so after
7 years, the balance 16 $7 0.

Income (dollars)

The slope Is 3, so the Income s § 5 per hour.

In Exercises 13-16, determine whether the data show a
limear relationzhip, I 50, write an equation of a ling of
fit, Estimate y when x = 15 and explain its meaning in
the context of the situation. (See Example 5

13.

15.

T,

Minutes walking,»x | 1 | 6 |11 [ 13| 16 |
Calories bumed,y | 6 |27 | 50| 56| 70 |
Months, x 9 |13|1s| 2|
Hair length (in.), ¥ s |7 [w0]|n
Hours, x 3 T 9 |17 |30
Battery life (%), ¥ | 86 | 61 | 50 [ 26 | 0
Shoe size, x 6|8 |85|10]|13
Heart rate (bpm), y | 112 | 94 | 100|132 7

17.

18.

MODELING WITH MATHEMATICS The data

pairs (x, ¥) represent the average annual tnition

y {in dollars) for pablic colleges in the United States
x years after 2005. Use the linear régression fealure
on a graphing caleunlator to find an equation of the
line of best fit, Estimate the average annual tuition
in 2020 Interpret the slope and y-intercept in this
sitmation. (See Example 4.

{0, 11,386), (1, 11,731), {2, 11,848)
(3, 12,375), {4, 12,804), (5, 13,207)

MODELING WITH MATHEMATICS The table shows
the numbers of tickets sold for a concert when
different prices are charged. Write an equation of a
line of fit for the data. Does it seem reasonable 1o use
vour mode] to predict the mmber of tickets sold when
the ticket price is 3857 Explain.

Ticket price =
(dollars), x ] R Ml W
Tickets sold, y | 450 | 413 | 400 | 395

USING TOOLS In Exercises 19-24, use the flinear
regression feature on o graphing caleulator to find an
equation of the line of best fit for the data. Find and
interpret the correlation coeflicent.

19. T 1 20. '
p 14 — AP 1
) ] I
[N EEEEES SRR | - % - - - - -
2t »——} 7 ———1———1
4l
R R s 2 4 Ef
s PR ¢ 2. av. | |||
al-e —— 1+ ®;
.- Eam
3 b ‘ 1 -* -
...... .
e e T &
3. 4y 2. TTTTT1
) I [ . . e
e 2 s e
s+t T
% 2 4 ex
25, DPEN-ENDED Give two real-life quantities that have
(@) a positive comelation, {(b) a pegative correlation,
amd (¢) approximately no correlation. Explain.
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26. HOW DO YOU SEE IT? You secure an interest-free
loan to purchase a boat. You agree to make equal
monthly payvments for the next two vears. The graph
shows the amount of money you still owe,

Boat Loan

L=
S =
-

Loan balance
thundreds of dollars)

[=
L]

g 16 2

Tira {manths)

a. What iz the slope of the line? What does the
slope represent?

I What i the domain and range of the function?
What docs cach represent?

¢. How rmuch do you still owe after making
paymenis for 12 months?

27. MAKING AN ARGUMENT A sct of data pairs has a
correlation coctficient r = 0.3, Your fricnd zavs that
becanse the correlation coefficient is positive, it is
logical to use the line of best fit to make predictions,
Is vour friend comect? Explain your reasoning.

28. THOUGHT PROVOKING Points A and & Ik on the line
¥ = —x +4. Choose coordinales for points A, B,
and O where point O is the same distance from point
A 4z it is from point B, Write equations for the lines
connecting points A and O and points B and C.

29, ABSTRACT REASONING If x and y have a positive
cormelation, and yand 7 have a negative correlation,
then what can vou conchide about the cormelation
between x and 77 Explain.

30,

1.

32,

MATHEMATICAL CONNECTIONS Which equation has
a graph that is a line passing through the point (8, —35)
and is perpendicular to the graph of y = —4x + 12

®y=1x-5 (B y= —dx+ 27

©y=-px-7 @ y=ix-7

PROBLEM SOLVING You are participating in an
orienteering competition. The diagram shows the
position of a river that cuts through the woods. You
are cugrenily 2 mikes east and 1 mile north of vour
starting point. the origin, What is the shortest distance
you rmust ravel to reach the river?

ANALYZING RELATIONSHIPS Data from North
American counirics show a positive comelation
between the number of personal computers per capita
and the average life expectancy in the country.

8. Does 3 positive correlation neake sense in this
situation? Explain.

b Iz it reasomable to
conclde that
giving residents
ol & country
personal computers
will lengthen their
lives? Explain,

—Maintaining Mathematical Proficiency rocwos ot icomes i prosces grdes and iessons

{Skills Review Fardbeook]

3. +y=7 34 4dr+3y=2
= =y=9 2 =Iy=]
36, y=1+x 37, %;;+43,~=4
X4 p=—1 -y=1

Solve the system of linear equations in two variables by elimination or substitution,

35. L+ y=73
Xx=4y=1

38. y=x-4
4xr+y =125
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Solving Linear Systems

FINDING AN
ENTRY FPOINT

To be proficient in math,

you need to look for entry

points to the selution of
a problem.

>

Egsential Qﬂ'&ﬂiﬂﬂ How can you determine the number of

solutions of a linear system?

A lincar system is consistend when it has at least one solution. A linear system is
inconsistent when it has no solution.

ML VNI[sl'RE Recognizing Graphs of Linear Systems

Work with a pariner. Match cach linear system with its corresponding graph.
Explain your reasoning. Then classify the system as consislend or Inconsisiend,

& 2x—=3y=73 b, 2x =3y =3 &o2x =3y =3
—4r+ Gy =106 T+ 2y=35 —4x + 6y = —6

- k.."l . - - -

e

4

SR LEAle Il  Solving Systems of Linear Equations

Work with a parimer. Solve ¢ach lincar syatemn by substitution or elimination. Then
use the graph of the system below o check your sohation,

a2x+y=5 b x+3y=1 cx+y=10
X—-y= x4+ 2y=4 Ir+2y=1

Communicate Your Answer

3. How can you determine the number of solutions of a linear system?

4. Suppose you were given a system of ffires linear equations in three variables.
Explain how you would approach solving such a system.

5. Apply vour grategy in Question 4 to solve the linear syetem.

xtyt+z=1 Eouation 1
X=y=r=3 Eaueatien 2
=X =yt i= =] Eaeation 3
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Core Vocabulary .

linear eguation in thres
variables, p 30

system of three hnear
equations, o F0

solution of a system of thres
inear equations, p 30

ordered tnple, p. 30

Pravious
system of two linear equations

What You Will Learn

P Visualize solutions of systerms of linear equations in three variables,
P Solve systems of linear equations in three variables algebraically.
P Solve real-life problems.

Visualizing Solutions of Systems
A linear equation in three variables x, y. and £ is an equation of the form
av + by + ¢z = o, where @, b, and ¢ are not all zero.

The Tollowing iz an example of a system of three linear equations in
three¢ variables.

I4dy —-8z= =3 Ecpusation 1

X+y+ig==12 Ecjueation 2

-2y +2=10 Ecjueation 3
A solution of such a system is an ordered triple (x, v, 2) whose coordinates make
cach couation troe.

The graph of a linear equation in three variables iz a plane in three-dimensional
space. The graphs of three such equations that form a system are three planes whose
intersection determines the mimber of solutions of the system, as shown in the

diagrams below,

Exactly One Solution
The planes intersect in a single point,
which iz the solution of the svalem.

Infinitely Many Salutions

The planes intersect in a line, Every

point on the line is a solution of the system,
The planes could also be the same plane.
Every point in the plane is a solution

af the system.

Mo Solufion
There are no points in comman with all three planes.

:!: =
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Solving Systems of Equations Algebraically

The alpebraic methods you nzed to solve systems of linear equations in two variables
can be extended to solve a system of lincar equations in three variables.

&) Core Concept

Solving a Three-Variable System

Step 1 Rewrite the linear system in three variables as a linear system in two
variables by using the substitution or elimination methaod.

Step 2 Solve the pew linear system for both of its variables,

Step 3 Substitute the values foand in Step 2 into one of the original equations and
golve for the remaining variable.

When you obtain a false equation, such as 0 = 1, inany of the steps, the system
has no solution.

When you do nof obiain a false equation, ot obiain an identity soch as 0 = (,
the svstem has infinitely many solutions,

LOOKING FOR .
STRUCTURE

The costficient of =1 in Solving a Three-Variable System (One Solution)
Equation 3 makes v a

convenient variable Solve the syslem. dr+ 2y + 3z =12 Equesticn 1
to eliminate. -3+ 5 =-7 Equeation 2
D G —y+d4z=-3 Equation 3

SOLUTION

Step 1 Rewrite the system as a linear svatem in hvo variables.

A +2y+ 3z =12 Add 2 tenes Equation 3 10
12t =2y + 8z = =6 Equation 1 (to eliminate ).

. D l&r  +11z =6 New Equation 1
ANOTHER WAY -+ Sz= -7 Add — 3 times Equation 3 to
In Step 1, you could also —18x+ 3y —127=9 EQINTION 2 0 SIREE 4
eliminate x to get two —16x - Tz=2 Mew Fquation 2
equations in y and 2, or
you could eliminate z Step 2 Solve the new linear system for both of its variables.

!u get two equations 16+ 11z =6 Ackd new Equation 1
—inx and y. SlaE= Ara and iew Eeuiation 2.
4:=8
=11 Sobye for 2.
r=-1 Substilute mio new Equation 1 or 2 1o find ».

Step 3 Substitute x = —1 and £ = 2 into an original equation and solve for y.
= y+d4z = =3 Wiite onginal Equation 3
—-1)—y+42)=-3 Substitute —1 borx and 2 for 2.
y=5 Sobre for y.

P Thesolutionisx = —1,y = 5, and 2 = 2, or the ordered triple (—1. 5, 2).
Check this solution in each of the original equations.
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ANOTHER WAY

Subtracting Equation 2
from Equation 1 gives
z = 0. After substituting
0 for z in each equation,
you can see that each is
eguivalent to y= X + 3,

32

>

Solving a Three-Variable System (No Solution)

Solve the sy=iem. T+y+z=1 Equation 1

Sr+5y+5z2=3 Ecuation

e +y—3z=—-6 Equation 1
SOLUTION
Step 1 Rewrite the sysiem as a linear system in fwer variables,

=3 =y =JSz= <0 A =5 Bimes Equation 1
S + 5y + 52 =13 o Equation £
0= -7

.- Because yon obtain a false equation, the original svetem has no solution,

FEALIINIEN Solving a Three-Variable System (Many Solutions)
Solve the system., Y=y+g= =3 Fopuation
r—y—z=-3 Equation 2
x-S+ z=—15 Equation 3
SOLUTION
Step 1 REewrite the system as a linear system in hwer variables,
r— y+1=-3 Al Ecuiation 1 o
t— y—-2= —3 Equateen 2 (ko eliminate 2}
& — 2 = —6 Mew Equation 2
I= y=z==3 Mkl Ecuiation 2 o
x-Sy +2=—1% Equeatien 3 {to eliminate r).
Gy — oy = —18 My Equation 3
Step 2 Solve the new linear system for both of its variables.
=ax + 6y = 18 Add —3 times new Equatien 7
& -G =-18 to new Equation 3,
0=0
Becanse vou obtain the identity O = 0, the svstem has infinitely
msny solations.

Step 3 Describe the solutions of the sysem using an ordered triple, One way to do
this iz to solve new BEquation 2 for ¥ (o obiain y = x + 3, Then substitute
t + 3 for v in original Equation 1 to obtain gz = 0.

P So, any ordered triple of the form (x, x + 3, 0) is a solution of the system.

Monitoring Progress ‘ﬁj Help in English and Spanish at BigideasMath com
Solve the system, Check your solution, if possible,

Lx-Iyt+z=-11 2Zx+y-z=-1 3. x+y+z=8
B+ ly—i=7 dr + 4y — 4y = -2 x—y+z=8
—x+2y+dg=—9 xt+y+z=10 x+y+2z=16

4. In Example 3, describe the solmtions of the svstemusing an ordered triple in
terms of y.

Chapter 1 Linear Functions



STUDY TIP

When substituting to find
values of other variables,
choose original or new
equations that are

easiest to use,

>

Solving Real-Life Problems

EXAMPLE 4

Solving a Multi-Step Problem

An amphitheater charges 575 for each seat in Section A, 555 for each seat in
Section B, and 330 for each lawn seal. There are three Limes as many seals in
Section B ag in Section A. The reveme from selling all 23,000 s¢ats iz $870,000.
How meany s¢ats are incach section of the amphithe ater?

SOLUTION
Step 1 Write a verbal model for the situation.
Number of . Mumber of
seals in B, ¥ seals inA, X
Nuomber of = Nomber of Mumberof  Todal number
seats A X seatsinB,y  lawnseals, z of seals
75 . Number of 55, Number of &30 . Numberof  Total
seats in A, x sealz in B, y lawn seats, 2 revenne
Step 2 Write a system of equations.
¥y =3x Equation 1
X+ y+z=23000 Equeation 7
75x + 55y + 30z = §70,000 Fquation 3

Step 3 Rewrite the system in Step 2 as a linear system in e variables by substituting

3x for v in Equations 2 amd 3.
x+y+z=23,000
x+3r+ z= 23000

Wnie Eguabon 2.
Substitute 3x for .

dy 4 7 = 23,000 flew Equiation 2
T3x + 55y + 30z = 70000 Wiite Equation 3.
T5x + 55(3x) + 30z = £70,000 Subtitute x for y.

240 + 30z = 870,000

Mew Equaation 3

Step 4 Solve the new linear system for both of its variables.

- 120 — 307 = —690,000
240y + 30z = E70.000

Add — 30 tmes e Equation 2
o new Edquation 3.

1200r = 180,000
X = 1500 Solve forx.
¥ = 500 Substitue into Equation 1 toe firul ¥
2= 17,000 Subrstitute into Equation 2 to find 2.

P The solution is x = 1500, y = 4500, and 2 = 17,000, or {1500, 4500, 17,000). So,
there are 1500 seats in Section A, 4500 seats in Section B, and 17,000 lawn scats,

Monitoring Progress ‘f"f' Help In Engish and Spanish at BigideasMath.com

5. WHAT IF? Onthe first day, 10,000 tickets sold, penerating $356,000 in reveme.
The number of scats sold in Sections A and B are the same. How many lawn seats

are =il available?

Section 1.4
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1 " 4 EK'E rC|5E5 Dynamic Solutions available at BiglideasMath.com

Vocabulary and Core Concept Check

1. VOCABULARY The solution of a system of three linear equations is expressed as ain)

2. WRITING Explain how vou know when a linear system in three variables has infinitely
many solutions.

Monitoring Progress and Modeling with Mathematics

In Exercizses 3—3, salve the system using the elimination 1B x+Iy-z1=2 14 x+2y=-7=73
method. (See Example 1.) X+ty—z=0 I —y4z=-1
I x+y—2=5 4. x+4y —bz=—-1 I +3y—3z=-1 Gr—3y—z=-7
=X+ ¥+ I=12 X =¥+ il=—]
243y —g=9 —x+2y-42=5 5. x+2p+3z=4 16 --3y+z=-6
- -x+y—-r=12 IT+y¥y—21=5
. +y-1=9 6. I+2y—-z=8% -y =2y -4z =-14 7% + By = 6g = 31
—x +6y+ 2 = =17 ~3x +dy+ 57 = -4
St+Ty+r=4 ¥—y+4r=—14 17. MODELING WITH MATHEMATICS Three orders are
' placed at a pizza shop. Two small pizzas, a liter of
7. T+ 2y+ 5= =1 8 Ir+dy-3g= =2 sodla, and a salad cost $14; one amall pizza, a liter
R "'—"'.'-I-S'——]-i of sodla, and three salads cost $315; and three small
e el s o B ey pizzas, a lier of soda, and two salads cost $22,
Dty -k=H dt+dy+z=46 How moch does each item cost?

ERROR ANMALYSIS In Exercises 9 and 10, describe and
correct the error in the first step of solving the system of
linear equations,

dc =y 2z = =18
—X+iy+ =11

+Iy-4=4

. X dx—y+ 2z=—18
18. MODELUING WITH MATHEMATICS Sam's Paroiture
=i + +r="11
R+ 2y I_ Store places the Tollowing advertiserment in the local
¥+ dz=-7 newspaper. Write a system of equations for the three
combinations of furniture, What is the price of cach
10, X 12x— 3y + 6z=—18 piece of furnitore? Explain,

Sx+ 3y—4zr= 44 - A=l |

Sl

15x + 2z= 26 , g ' "L

$1300 n»

Gl e Fone- el I
0

and twn chairs

In Exercizes 11-16, solve the system using the
elimination method. (See Femmples 2 and 3.)

N, Ix=-y+2z=4 12, Sx+y-1=6 .Elﬁ-gsg#_anjamflwr
G — 2y + 42 = -8 x+y+z=12 :
—-y+3z=10 12 + 4y = 10

34 Chapter 1 Linear Functions



In Exercizes 19=-28, solve the system of Hoear equations
using the substitution methed., (See Example 4.

19.

21.

23.

25,

27,

9.

30.

~e+y+az=1 20,
x+2y+ 5z=16
x+3v=dgr=11

X—-&y—32z= -8
—r+55+3x=12
Ir =2y=4d4z= 18

r4y+z=4 22, x+y=-1

S 4+dy+ =12 =X+ I+ = =4
r—dy+z=9 -x+y—4r=10
Zx-3y+z=10 24, x=4

y+ =13 X+y==§

= 4 — I+ =16
r+y—z= 26. r—-y—-z=15
x+2y+4z=17 dr+5y+ =10
-1 'Pﬁ}*'*'E_'E __1-__-'}. 3= =20
dy+y+52=35 8. x+2y-z=3

fx + 2y + 10z =10 Dty -—=0
F=y=2z= =3 -y =¥+ i==h

PROBLEM SOLVING The mumber of lefi-handed
people in the world is one-tenth the number of right-
handed people. The percent of right-handed people
is nine Limes the percent of lefl-handed people and
ambidextrous people combined. What percent of
people are ambidextrons?

MODELING WITH MATHEMATICS Use a system of
linear equations Lo model the data in the Tollowing
newspaper article. Solve the system to find how many
athlctes finished in each place.

Lawrence High prevailed in Saturday s track
meck with the help of 20 individual-event

placers caming a combined &8 points. A
fird-place finish earns 3 points, a second-
place finish earns 3 pointz, and a third-place
finish earns 1 point. Lawrence had a strong
second-place showing, with as many second
place finighers as first- and third-place
finighers combined

n.

WRITING Explain when it might be more convenient
to s the elimination method than the substitntion
method o sedve a linear systeme Give an example to
support your ¢laim,

REPEATED REASOMNING Using what yvou know about
solving lincar systems in two and three variables, plan

a strategy for how you would solve a system that has
Sour linear equations in four variables,

MATHEMATICAL CONNECTIONS In Exercises 33 and 34,
wrile and use a linear system to answer the question.

33.

34,

35.

36,

The triangle has a perimeter of 65 feel. What are the
lengths of sides £, m, and n?

What are the measures of angles A, £, and C7

A

# C

OPEN-ENDED Consider the system of linear
equations below. Choose nonzers values for a, b,
and ¢ o the svstem satisfics the given condition,
Explain your reasoning.

r+y+z=12

iax + by + ez =10

Y=2y+z=4

a, The system has no solation.
b, The svstem has exactly one solution.
¢, The system has infinitely many solutions.

MAKING AN ARGUMENT A linear svstem in three
variables hag no solution. Your friend concludes that it
15 mod poszible for two of the three equations to have
any points in commen. I your friend correct? Explain
Y OHIT PCASDINE.
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38,

39,

Simplify.
43, (x - 2§

A8, translation 2 wmits to the Tef
50. translation 4 units up

PROBLEM 5OLVING A comtractor is hired to build an
apartment cormplex. Each 840-square -fool unit has a
bedroom, Kitchen, and bathroom. The bedroom will
be the =ame size as the kitchen, The owner orders
9E0 square feet of tile to completely cover the Aoors
of twe kitchens amd two bathrooms, Determine

how rany square feel of carpet is needed Tor each
bedroom.

Total Area; 844011

THOUGHT PROVOKING Droes the systern of linear
equations have more than one solation? Justify
YO answer,

Ar+ y+z=0
Z+iy—3z=0
—x—;i'-}'—z=ﬂ

PROELEM SOLVING A Aorist st make 5 identical
bridesmaid bounguets for a wedding, The bodeet is
5160, and each bouguet must have 12 flowers, Roses
cost 32,50 each, lilkes cost B4 each, and irises cost
$2 each. The Norist wants twice as many roses as the
other two types of flowers combined.

a. Write a system of equations (o represent this
sitation, assuming the Aorist plans to use the
i bod get.

b Solve the system o find how many of each type of
flesaver should be in each boudquet.

¢ Suppose there is no limitation on the tofal cost of
the bouquets. Does the problem still have exactly
one solution? If o, find the solution. I nod, give
three possible solutions.

a0,

a.

42,

HOW DO YOU SEE IT? Determine whether the

system of equations that represents the circles has

e solufion, one sofution, ot infinilely many solulions.
Explain your réasoning.

£ Ly b gy
[ T — e 1 e
Y x L | X

CRITICAL THINKING Find the values of a, b, and ¢ 5o
that the linear system shown has (-1, 2, —3) as its
only solution. Explain your reasoning.

1+y—-3z=a

-z =y¥+z=b

X+Iy=T=¢

ANALYZING RELATIONSHIPS Deternmne which
arrangeme nt(s) of the integers — 35, 2, and 3 produce
a solution of the linear system that consist of only
integers, Justify your answer,

A=W+ 6z=12]

- v N L RH S |

-5+ it=—d

ABSTRACT REASONING Write a linear system to
repre sent the first three pictores below, Use the system
to determine how many fangerines are required to
balance the apple in the founth picture. Nofe: The

first picture shows that one tangerine and onc apple
balapce one grapefnuit.

T

—Maintaining Mathematical Proficiency roevpwnsionicane o g pases andissson:

f5kills Review Mandbook)
45,

(3m + 1) 46.

(2z — 5¥

Write a function g described by the given transformation of fix) = |x| — 5.
49. reflection in the x-axis
vertical stretch by a Factor of 3

at. 4 -yy@

(Secton 1.2
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1.3-1.4 What Did You Learn?

Core Yocabulary

lime of fit, @ 24 svatermn of thres linear equations, g 30
line of best fit, p 23 solution of a system of three linear equations, p. 30
correlabion coellicient, g 25 arderad l.rjph:. B3

linear equation in three variables, p. 30

Core Concepts

Section 1.3

Writing an Equation of a Line, p. 22
Finding a Line of Fit, p. 24
Section 1.4

Solving a Three-Variable System, p. 31
solving Real-Life Problems, p, 33

Mathematical Practices

1. Describe how you can write the equation of the line in Excercise T on page 26
psing only one of the labeled points,

2. How did you use the information in the newspaper article in Exercise 30 on
page 35 to write a system of three linear equations?

3. Explain the strategy you used to choose the values for a, &, and ¢ in
Exercize 35 part (a) on page 35,

- Performance Task - - -
Secret of the
Hanging Baskets

A carnival game uses two baskets hanging from springs at
different heights. Mext to the higher basket is a pile of
baseballs Mext to the lower basket is a pile of golf balls
The object of the game is 1o add the same number of balk
to each basket so that the baskets have the same height
But there is a catch—you only get one chance, What
i the secret to winning the game?

Toexplore the answers 1o this question and maore,
goto BigideasMath.com
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1 c h a ptEI’ REUIEW Dynamic Solutions available at BigideasMath.com

Parent Functions and Transformations oo 2 10)

Graph gix) = (x — 2/ + 1 and its parent function, Then deseribe the transformation.

The function g is a quadratic function.

B The graph of g is a translation 2 onits right and 1 unit up [T i
af the graph of the parent quadratic function.

Graph the function and it2 parent funciion. Then describe the transformation,
1. ivy=x+3 2, pix)=[x| -1 3. lix) = .!—,1"

4 hix)=4 5 fixy=—|z| -3 6. glx) = —3x + 3

| W8 Transformations of Linear and Absolute Value Functions [pp 11-14)
Let the graph of g be a iranslation 2 units to the righi followed by a reflection in the
y-axis of the graph of fix) = |x | Write a rule for g,
Step 1 First write a function & that represents the translation of f.
RO =[x —2) Subtract I fram the input,
= lx - 2| Replace xwithx — 2 in fix),

Step 2 Then write a fanction g that represents the reflection of f.

#ix) = h{—Xx) Mudtiphy the input by —1
= ) | Reptace x with —x m hix,
=|={x+ 2| Factor out —1
=]=1]|s|x+2| Proshuct Property of Absolune Value
=[x+ 2] simplily

P The transformed function is gix) = |x + 2|,

Write a function g whose graph represents the indicated transformations of
the graph of f. Use a graphing calculator to check your answer

7. fix) = |x|; reflection in the x-axis followed by a translation 4 units to the left
8. fix) = |x|; vertical shrink by a factor of ', followed by a translation 2 units up

9. fix) = x; wanslation 3 units down followed by a reflection in the y-axis
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Modeling with Linear Functions (oo 27 %)

The table shows the numbers of ice cream cones sold for different outslde
temperatures (in degrees Fahrenhelt), Do the data show a linear relationship?
If 20, write an equation of o line of ff and wse i fo estimate how many ioe cream
cones ane sold when the tempe rature is 60°F,

|Tump-ﬂu1.um.:.r 33 | 62 | 70| 82 | %
|1"-Iumherni|;nne5,_|-r on | 105 | 117 | 131 | 147

Step 1 Create a scatter plot of the data. The data show a
linear relationshap.

lce Cream Cones Soid

. ; ¥l
Step 2 Sketch the line that appears to most closely fit the data. i

One possibility is shown. 160 {90, 14718
Step 3 Choose two points on the line, For the line shown, {30

(70, 117}

:
you might choose (70, 117) and (90, 147). 5
Step 4 Write an equation of the line. First, find the slope. 'E
3
=

BN _ M-I 0

" al k. = ey = s i_ﬁ.
"".'E .T-_ m T 3-.] i) - - -
o A 40 el B0
Uze point-slope form to write an equation, Temperature (°F)
Use {x;, ) = (70, 117) - N
¥— ¥ = mfx — ) Point-sdope fom
y=117 = 150x =T Substitute for m, x,, and ¥,
¥y =117 = 15z — 105 Dystribastive Property
y=15x+ 12 Saddd 117 o each side
Lise the equation to estimate the namber of ice cream cones sokd.
vy = 1.5(60) + 12 Subystinuste 60 lor x,
= 102 Simigehi By,

P Approximately 102 jce cream cones are sold when the temperature is 60°F,

Write an equation of the line.

10. The table shows the total number y (in billions) of ULS. movie admissions each yvear for
X vears. Uze a graphing calculator to Aind an equation of the line of best fit for the data.

|‘:’Hr.x o | 2| 4|68 |10
| Admissions, y | 1.24 | 1.26 | 1.39 | 147 | 1.49 | 157

11 You ride vour bike and measure how far you travel. After 10 minutes, you travel 3.5 mikes.
After 30 minutes, you travel 1005 miles, Write an equation to mode] your distance, How far
can vou ride vour bike in 45 minutes?
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Chapter 1

m Solving Linear Systems (o0 20 50)

Solve the svatem.
T - }I 4 : 3
Li—y+52=4

+y—z1=12

X _‘|.'|.:"

+ly—zr=12

Eaquation 1
Ecuation 2

Equation 3

Step 1 Rewrite the systom as a linear system in fwo variables,

-3 fdd Equeation 1 to
Equation 3 (to eliminate z)

—3x + 4y

r=y7z
(-1} -4+2

*
Lr

1. x+y+2=3
=X 4+ dy lz = =F
x =4z

15 x+4y —2r=13
x+ay+lr=1
r+ Wy — 13 =2

Linear Functions

5¢+ ¥ = —1
=3x 4 5y =35

v = y+iz=4

18. A school band performes a spring concert for a crowd of
600 people, The revenue for the concert is 33130, There
are 150 more adults at the concert than students, How
many of each type of tcket are sold?

MNew Equation 3

z=13 Add —5 bmes Equation 1 1o
Equation 7 {to eliminate z).

= 19 Mew Eoquation 2

Step I Solve the new linear system for both of its variables,

-k —dy =4 Add 4 times new Equation 3
—Sx+4y =19 AR L
—23x =23
r= -1 Sobve for x.
y=4 Substinte nto mew Equation 2 or 3 1o find y,

Step 3 Substitnte x = =1 and y = 4 into an original equation and solve for Z,

R Wiite original Equatsen 1
= —3 Substimste —1 for x and 4 for y.
=3 Sohie for 2

P The solutionisx = —1,y =4, and z = 2, or the ordered triple (-1, 4, 2).

Solve the system. Check your solution, if possible.

13 r—5p—-z=17
X4 y+ 3= 1Y Zx=3y+z= 11
—4r + 6y + 2= -20 =Jx+ Iy - 2r=~13

18, r—y+3z=06 17hx+ k=4
It+y+zr=06
AT+ Ay + 4z =128

r—2y=35
e —2y+52=9

i saND cONceRT
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Chapter Test

Write an equation of the line and interpret the slope and y-inte rcept.

1. | BankAccount | z |
YA g
E et 163 GO0} g
g wo g .
..E 2
E 4} {2, 400} k-
E 200 1 'i
| @
®
E "0 20 40 60 B0 -
Percent discount
Solve the system, Check your solution, iff possible,
3. -Zx+y+4r=35 4 y=1z 5. x— ¥+ 52=73
r+3y—z=2 r+hy+5=1 Z+Iy—-1=2
dy +y =0z =11 Aty —3z=19 =4y =y = Uz = =§

Graph the function and itz parent function. Then deseribe the fransformation.
6. fix)=|x—-1| 7. fix) = () g finn=4

Match the fransformation of fix) = x with itz graph. Then write a rule for g,

9, pix)=2fix) 43 10. zix)=3fx) -2 1. gix) = =2fix) =3
A. Eu....;,‘*/.... c. F L &
) Py = 2 2 £
-2 =2
1y

12. A bakery sells doughnuts, rmffing, and bagels. The bakery

makes three times as many doughouts as bagels. The bakery Wﬂt w

carns a total of 5150 when all 130 baked ite ms in stock are sold. ks

How many of each item are in stock? Justify your answer, l_imugi'umts """""" $1.00 Pl ;
MUEENS woovcvvneeees $1501 A 23
Bagels.....c oo, $1.200

13. A fountain with a depth of 5 feet is drained and then refilled. The water level (in feet) after
{ minutes can be modeled by fid) = _'!|J' = ‘11'.+| A csecond fountain with the same depth is
drained and flled twice as quickly as the firsd fountain. Describe how (o transform the
graph of oo model the water kevel in the second fountain after § minotes. Find the depth
of each fountain after 4 mines, Justify your answers,
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1 Cumulative Assessment

Describe the transformation of the graph of fix) = Iv — 4 represented in each graph.

[

The table shows the wition costs for a private school between the years 2010 and 2013,

| Years after 2010, x 0 1 2 | 3
| Tuition (dollars), y | 36208 | 37,620 | 30088 | 4059

i ".-':'rif}' that the data show a Leear relationship. Then wrile an equation of a line of .
b, Interpret the slope and y-intercept in this situation.

¢, Predict the cost of tuition in 2015,

Your friend claims the line of best it for the data shown in the scatter plot has a corelation
cocficien close to 1. Is vour friend comect’”? Explain your reasoning.
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v Oirder the following lincar systems from least to greatest according to the momber
of solutions.

A, x4+ dy=z=17 B. 3vx =3y 4+3z=35 C dy=-y4+ 2=18
14 + 28y — 77 =49 —x+y—z=18 -2+ 2y+z=11
-x+ Oy +122=13 14x — 3y + 12z = 108 Ix+y-4r=4

You make DVDs of three types of shows: comedy, drama, and reality-based. An epizode of
acomedy lasts 30 minutes, while a drama and a reality-based episode each last &0 minutes.
The DVDrs can hold 360 mintes of programming.

a, You completely fill a DVD with seven episodes and include twice as many episodes of a

drama as a comedy. Create a system of ¢quations that models the situation.
b How many epizodes of each type of show are on the DVIY in part {a)?

o Yo completely fill a second DVD with eoly six episodes. Do the two DVD: have a
different mumber of comedies? dramas? reality -based epdsodes? Explain.

« The graph shows the height of a hang glider over time,

~ Hang Gliding Descent
Which equation models the situation’? | ang ing

g

|

(A y+ 450 = l0x

B
fr]
L=

=
B 10y = —x + 450 % s
E‘ -
iy Ay o
() my=—x+450 £ .
M@ 10z + y = 450 3
100

o
g 10 M 30 ox
Timwe {seconds)

. Let fix) = x and gix) = —3r — 4, Select the possible transformations (in order) of the
graph of frepresented by the function 2.

(A reflection in the x-axis (B reflection in the y-axis
(L wertical translation 4 units down (D) horizontal ranslation 4 units right
(E» horizontal shrink by a factor of | (F wertical siretch by a factor of 3

. Choose the correct equality o inequality symbol which completes the statement below
about the linear Tunctions fand g. Explain your reasoning.

. #x) | E J glx) 1i(22) 2(22)
S == | [ 2]
-4 ~20 -1 ~14
= =17 ] =10
=2 14 1 =1
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