ting Linear Functions

g Equations in Slope-Intercept Form

iting Equations in Point-Slope Form

riting Equations of Parallel and Perpendicular Lines
Scatter Plots and Lines of Fit

.5 Analyzing Lines of Fit

4.6 Arithmetic Sequences

— 4.7 Piecewise Functions

School Spirit (p. 184)

Renewable Energy (p. 178)

Mathematical Practices: Mathematically proficient students can apply the mathematics they know to solve problems
arising in everyday life, society, and the workplace.




Maintaining Mathematical Proficiency

Using a Coordinate Plane (6.Ns.C.6b and 6.NS.C.6¢)

Example 1 What ordered pair corresponds to point A?

AY C
B

4

4

Point A is 3 units to the left of the origin and 2 units up. So, the x-coordinate
is —3 and the y-coordinate is 2.

P The ordered pair (—3, 2) corresponds to point A.

Use the graph to answer the question.

1. What ordered pair corresponds to point G? 2. What ordered pair corresponds to point D?

3. Which point is located in Quadrant I? 4. Which point is located in Quadrant IV?

Rewriting Equations (HSA-CED.A.4)

Example 2 Solve the equation 3x — 2y = 8 for y.

3x—2y=38 Write the equation.
3x =2y —3x =8 — 3x Subtract 3x from each side.
—2y=8—3x Simplify.

—2y _8—3x

= ) Divide each side by -2.

y=—4+ %x Simplify.

Solve the equation for y.

5. x—y=5 6. 6x +3y=—1 7. 0=2y -8 + 10
8. —x+4y—-28=0 9. 2y+ 1 —x="7x 10. y —4=3x+ Sy
11. ABSTRACT REASONING Both coordinates of the point (x, y) are multiplied by a negative

number. How does this change the location of the point? Be sure to consider points originally
located in all four quadrants.

ic Solutions available at BigldeasMath.com




M a'l'h em a'n C al Mathematically proficient students consider analogous problems and try

special cases and simpler forms of the original problem. They monitor
Pr a C'“ceg and evaluate their progress and change course, if necessary. (MP1)

Problem-Solving Strategies

G Core Concept

Solve a Simpler Problem

When solving a real-life problem, if the numbers in the problem seem
complicated, then try solving a simpler form of the problem. After you have
solved the simpler problem, look for a general strategy. Then apply that strategy
to the original problem.

F NGRS Using a Problem-Solving Strategy

In the deli section of a grocery store, a half pound of sliced roast beef costs $3.19.
You buy 1.81 pounds. How much do you pay?

SOLUTION

Step 1 Solve a simpler problem.
Suppose the roast beef costs $3 per half pound, and you buy 2 pounds.

$3

12 «21b Use unit analysis to write a verbal model.

Total cost =

_ %6 , !
=K 215 Rewrite $3 per 5 pound as $6 per pound.

=312 Simplify.
P> In the simpler problem, you pay $12.

Step 2 Apply the strategy to the original problem.

Total cost = $3.19 | 1.811b Use unit analysis to write a verbal model.

172 1b

_ $6.38
s
= $11.55 Simplify.

< 1.81 15 Rewrite $3.19 per % pound as $6.38 per pound.

P> In the original problem, you pay $11.55.

Your answer is reasonable because
you bought about 2 pounds.

Monitoring Progress

. You work 37% hours and earn $352.50. What is your hourly wage?

. You drive 1244.5 miles and use 47.5 gallons of gasoline. What is your car’s gas
mileage (in miles per gallon)?

. You drive 236 miles in 4.6 hours. At the same rate, how long will it take you to drive
450 miles?
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Writing Equations In

Slope-Intercept Form

‘ 3 CoMMON Egsenﬂal Questlon Given the graph of a linear function, how can
CoRe you write an equation of the line?
Learning Standards -
:gé\_'[fFEE\'f; GV I[e]'BN \Writing Equations in Slope-Intercept Form
HSF-LE.A.1b .
HSE-LE.A.2 Work with a partner.
e Find the slope and y-intercept of each line.
e Write an equation of each line in slope-intercept form.
e Use a graphing calculator to verify your equation.
a. 6 b.
E (2,3)
) [ A —— 9 ] [
/E ©, -1
6 -6
c 6 d. 6
INTERPRETING JRY o J [ \ ........ 9 -9 I_l_l_l_l_l_l_l_l_- ! 9
MATHEMATICAL F G- 2, -1)
RESULTS : /;
To be proficient in math, 6 5

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

situation. The reason for e~ W p— . .
studying mathematics is (S AdRe LV I[ol Pl Mathematical Modeling
to enable you to model

Work with a partner. The graph shows the cost of a smartphone plan.
and solve real-life

problems. a. What is the y-intercept of the line? Smartphone Plan
{> Interpret the y-intercept in the context = y
b= A
of the problem. é = 128 T
b. Approximate the slope of the line. 8 o —
. o3
Interpret the slope in the context 28 sl //
of the problem. g = Zg R
c. Write an equation that represents the 0 500 1000 1500 2000 2500 x
cost as a function of data usage. Data usage (megabytes)

Communicate Your Answer

3. Given the graph of a linear function, how can you write an equation of the line?

4. Give an example of a graph of a linear function that is different from those above.
Then use the graph to write an equation of the line.
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Core Vocabulary
linear model, p. 178

Previous
slope-intercept form
function

rate

STUDY TIP

You can use any two
points on a line to find
the slope.

What You Will Learn

P Write equations in slope-intercept form.
P Use linear equations to solve real-life problems.

Writing Equations in Slope-Intercept Form

FEANIERE  Using Slopes and y-Intercepts to Write Equations

Write an equation of each line with the given slope and y-intercept.

a. slope = —3; y-intercept = % b. slope = 0; y-intercept = —2
SOLUTION
a.y=mx+b Write the slope-intercept form.

y=—3x+ % Substitute —3 for m and % for b.

P Anequationisy = —3x + %

b.y=mx+5b Write the slope-intercept form.
y=0x+(-2) Substitute 0 for m and —2 for b.
y=-2 Simplify.

P Anequationisy = —2.

F ARSI  Using Graphs to Write Equations

Write an equation of each line in slope-intercept form.

a. Ay \ b. Ay
4
1, /@3 .
/ 0, 2)
-< > \\
/ 2 4 X - \\ .
-2 / 2 4 X
4, -1
0, -3) (Y T G
AR Y \ \ N
SOLUTION

a. Find the slope and y-intercept.

STUDY TIP

{> Let (x;, y;) = (0, —3) and (x5, y,) = (4, 3).
_»m N _3-(3H_6 3

n—x 4-0 4°2

Because the line crosses the y-axis at (0, —3), the y-intercept is —3.

m

P So, the equation is y = %x - 3.
b. Find the slope and y-intercept.
Let (x19 yl) = (09 2) and ()Cz, )’2) = (49 - 1)

After writing an equation, Y= _—1-2_ =3 3

check that the given
points are solutions of
the equation.

m =

n—x 4-0 4774

Because the line crosses the y-axis at (0, 2), the y-intercept is 2.

{> P So, the equation is y = —%x + 2.
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REMEMBER

If fis a function and x is
in its domain, then f(x)
represents the output of
f corresponding to the
input x.

>

EXAMPLE 3 Using Points to Write Equations

Write an equation of each line that passes through the given points.

a. (=3,5),0, -1 b. (0, =5), (8, =5)
SOLUTION
a. Find the slope and y-intercept. b. Find the slope and y-intercept.
—1-5 —5—(—9)
=———=-2 m=———==0
"T0-(-3) 80
Because the line crosses the y-axis Because the line crosses the y-axis
at (0, —1), the y-intercept is —1. at (0, —5), the y-intercept is —5.
P So, an equation is P So, an equation is
y=—-2x—1. y=-5.

EXAMPLE 4 Writing a Linear Function
Write a linear function f with the values f(0) = 10 and f(6) = 34.

SOLUTION
Step 1 Write £(0) = 10 as (0, 10) and f(6) = 34 as (6, 34).
Step 2 Find the slope of the line that passes through (0, 10) and (6, 34).

_34-10_24
6-0 6

m ord

Step 3 Write an equation of the line. Because the line crosses the y-axis at
(0, 10), the y-intercept is 10.

y=mx+b Write the slope-intercept form.
y=4x+ 10 Substitute 4 for m and 10 for b.

P A function is f(x) = 4x + 10.

. . N
Momformg Progress *)/ Help in English and Spanish at BigldeasMath.com
Write an equation of the line with the given slope and y-intercept.

1. slope = 7; y-intercept = 2 2. slope = %; y-intercept = —1

Write an equation of the line in slope-intercept form.

. Ay .
3 14 4 772Ay
1, (4, 3) B N
~ 2 4 | x
« 0.1 N RN
2 4 | x (0 71)‘\\_
\e N
L2 Ll (5: _3)
Y Y ||

5. Write an equation of the line that passes through (0, —2) and (4, 10).
6. Write a linear function g with the values g(0) = 9 and g(8) = 7.
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Solving Real-Life Problems

A linear model is a linear function that models a real-life situation. When a quantity y
changes at a constant rate with respect to a quantity x, you can use the equation

y = mx + b to model the relationship. The value of m is the constant rate of change,
and the value of b is the initial, or starting, value of y.

FEANIREN Modeling with Mathematics

Excluding hydropower, U.S. power plants used renewable energy sources to generate
105 million megawatt hours of electricity in 2007. By 2012, the amount of electricity
generated had increased to 219 million megawatt hours. Write a linear model that
represents the number of megawatt hours generated by non-hydropower renewable
energy sources as a function of the number of years since 2007. Use the model to
predict the number of megawatt hours that will be generated in 2017.

SOLUTION

1. Understand the Problem You know the amounts of electricity generated in two
distinct years. You are asked to write a linear model that represents the amount of
electricity generated each year since 2007 and then predict a future amount.

2. Make a Plan Break the problem into parts and solve each part. Then combine the
results to help you solve the original problem.

Part 1 Define the variables. Find the initial value and the rate of change.

Part 2 Write a linear model and predict the amount in 2017.
3. Solve the Problem

Part 1 Let x represent the time (in years) since 2007 and let y represent the
number of megawatt hours (in millions). Because time x is defined in
years since 2007, 2007 corresponds to x = 0 and 2012 corresponds to
x = 5. Let (x,y)) = (0, 105) and (x,, y,) = (5, 219). The initial value
is the y-intercept b, which is 105. The rate of change is the slope m.

Y=y _ 219105 _ 114 _

m=xz_x1 - = 22.8
Part 2 Megangtt hours _ Initial , Rateof | . Years
(millions) value change since 2007
y = 105 + 228 - X
y =105 + 22.8x Write the equation.
[2017 corresponds to x = 10. )_> y =105 + 22.8(10) Substitute 10 for x.
y =333 Simplify.

P The linear model is y = 22.8x + 105. The model predicts non-hydropower
renewable energy sources will generate 333 million megawatt hours in 2017.

4. Look Back To check that your model is correct, verify that (0, 105) and (5, 219)
are solutions of the equation.

. . W
Momformg Progress ‘”’ Help in English and Spanish at BigldeasMath.com

7. The corresponding data for electricity generated by hydropower are 248 million
megawatt hours in 2007 and 277 million megawatt hours in 2012. Write a linear
model that represents the number of megawatt hours generated by hydropower as
a function of the number of years since 2007.

178 Chapter 4 Writing Linear Functions



EXxercises

Vocabulary and Core Concept Check
1. COMPLETE THE SENTENCE A linear function that models a real-life situation is called a

2. WRITING Explain how you can use slope-intercept form to write an equation of a line given its
slope and y-intercept.

Monitoring Progress and Modeling with Mathematics

In Exercises 3-8, write an equation of the line with the In Exercises 19-24, write a linear function f with the
given slope and y-intercept. (See Example 1.) given values. (See Example 4.)
3. slope: 2 4. slope: 0 19. f(0)=2,f2) =4 20. f(0)=17,f3)=1
y-intercept: 9 y-intercept: 5
21. f(4) = —3,f(0) = =2
5. slope: —3 6. slope: —7
y-intercept: 0 y-intercept: 1 22. f(5) = —1,f(0)= -5
3
7. slope:% 8. slope: —; 23. f(—2)=6,f(0)= —4
y-intercept: —8 y-intercept: —6

24. f(0) =3,f(—6)=3
In Exercises 9-12, write an equation of the line in

slope-intercept form. (See Example 2.) In Exercises 25 and 26, write a linear function f with the
given values.
9. 10.
Ay Ay 25. X f(x) 26. X f(X)
. - 1 _ _
! — ~o,3) 0 412
— 13, 3) L1, 14 2) -1 -2 | -1
|
4[(0, 2) 0 0
= 2 4 x = 2 4 x . .
‘ ‘ 27. ERROR ANALYSIS Describe and correct the error in
Yy \ Yy \ » ) S
writing an equation of the line with a slope of 2 and a
1. 12. y-intercept of 7.
| Ay N \
4
(=3,4) \ @2 X y=7x+2
N\ 2 ~ -
N\ -2 2 | ax
0, 0)
- > (. > —2 ©, —2) 28. ERROR ANALYSIS Describe and correct the error in
- | - | ‘ \X 1 4 ‘ writing an equation of the line shown.
' -
X Ea— —4 Vil
In Exercises 13—18, write an equation of the line that PE=0_5 (0, 4)
passes through the given points. (See Example 3.) 5 3 N
=—2=2 [ LI I ™N
13. (3, 1), (0, 10) 14. (2,7), (0, —5) -5 5 2 NG
3 €
15. (2, —4), (0, —4) 16. (—6,0), (0, —24) y=gxt4 Y| 214]6x
17. (0,5),(—1.5,1) 18. (0, 3),(—5,2.5)
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29. MODELING WITH MATHEMATICS In 1960, the world 34. MAKING AN ARGUMENT Your friend claims that
given f(0) and any other value of a linear function
f, you can write an equation in slope-intercept form
that represents the function. Your cousin disagrees,
claiming that the two points could lie on a vertical

record for the men’s mile was 3.91 minutes. In 1980,
the record time was 3.81 minutes. (See Example 5.)

a. Write a linear model that represents the world
record (in minutes) for the men’s mile as a
function of the number of years since 1960.

b. Use the model to estimate the record time in 2000 35.
and predict the record time in 2020.
30. MODELING WITH MATHEMATICS A recording studio
charges musicians an initial fee of $50 to record an
album. Studio time costs an additional $75 per hour.
a. Write a linear model that represents the total cost
of recording an album as a function of studio time
(in hours).
b. Is it less expensive to _ 36.
purchase 12 hours of ;
recording time at the
studio or a $750 music
software program that
you can use to record
on your own computer?
Explain.
31. WRITING A line passes through the points (0, —2)
and (0, 5). Is it possible to write an equation of the
line in slope-intercept form? Justify your answer.
32. THOUGHT PROVOKING L Ay 4
. e 90
Describe a real-life situation | &,
involving a linear function —70 / B 0)
whose graph passes through i‘;g /
the points. | ]
e points ol
—20
7;1 9 (2 2‘0)
T Y 12345 6%x
33. REASONING Recall that the standard form of a linear 37.

equation is Ax + By = C. Rewrite this equation in
slope-intercept form. Use your answer to find the
slope and y-intercept of the graph of the equation
—6x + 5y =0.

line. Who is correct? Explain.

ANALYZING A GRAPH \\ Ay ‘
Line £ is areflection in , 1)
the x-axis of line k. Write
an equation that represents |~ \ P 2 x
line k.

2

I\
T, G, -4)
Y [ |

HOW DO YOU SEE IT? The graph shows the

approximate U.S. box office revenues (in billions of
dollars) from 2000 to 2012, where x = O represents

the year 2000.
U.S. Box Office Revenue
2 YA
[ =
o —_ 10 ////—Y
o G
==
28 °
§5 °
5 2
o 0 >
0 2 4 6 8 10 12°x
Year (0 < 2000)

a. Estimate the slope and y-intercept of the graph.

b. Interpret your answers in part (a) in the context

of the problem.

¢. How can you use your answers in part (a) to
predict the U.S. box office revenue in 2018?

ABSTRACT REASONING Show that the equation

of the line that passes through the points (0, ) and
(1,5 + m)is y = mx + b. Explain how you can be
sure that the point (—1, b — m) also lies on the line.

(— Mainfaining Mathemafical PrOfiCiency Reviewing what you learned in previous grades and lessons

Solve the equation. (Section 1.3)

Use intercepts to graph the linear equation. (Section 3.4)

38. 3(x—15)=x+ 11 39. —4y — 10 =4(y — 3)

40. 2(3d+3) =7+ 6d a41. —5(4 —3n) = 10(n — 2)

42. —4x +2y =16 43. 3x+ S5y = —15 44. x — 6y =24 45. —Tx —2y = —21

~
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Writing Equations In

Point-Slope Form

CQ CoMMON Egsenﬁal Q“GSﬁO" How can you write an equation of a line when

CoRE you are given the slope and a point on the line?
Learning Standards

HSA-CED.A.2 g % . . )
HSE-BEA 1a [ Re LV I[el/E \Writing Equations of Lines

HSF-LE.A.1b

HSF-LE.A.2 Work with a partner.

e Sketch the line that has the given slope and passes through the given point.
e Find the y-intercept of the line.
e Write an equation of the line.

a.m=% b.m= -2

I A

<Y
N

|
N
A
xY

Y

EXPLORATION 2 Writing a Formula

Work with a partner.

The point (x,, y;) is a given point on a nonvertical
USING A GRAPHING line. The point (x, y) is any other point on the line. )
CALCULATOR Write an equation that represents the slope m of
To be proficient in math, the line. Then rewrite this equation by multiplying (x5, y9)
you need to understand each side by the difference of the x-coordinates to <
the feasibility, obtain the point-slope form of a linear equation. )/V

Y

N

appropriateness, and

limitations of the EXPLORATION 3 Writing an Equation

technological tools at

your disposal. For Work with a partner. Savings Account
instance, in real-life For four months, you have saved $25 per month. |/ Ak
situations such as the one You now have $175 in your savings account. g 250
. . . . O
given in Explora.tlon 3.1t a. Use your result from Exploration 2 to 3 £ 200
may not be feasible to use . . == 150 (4, 175)—
S . write an equation that represents the € o
a square viewing window 35T 100
. balance A after  months. o~
on a graphing calculator. v 50
\ b. Use a graphing calculator to verify < 0 >
. 0123 45%67t
your equation. i
Time (months)

Communicate Your Answer

4. How can you write an equation of a line when you are given the slope
and a point on the line?

5. Give an example of how to write an equation of a line when you are
given the slope and a point on the line. Your example should be different
from those above.
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What You Will Learn

P Write an equation of a line given its slope and a point on the line.
P Write an equation of a line given two points on the line.

Use linear equations to solve real-life problems.
Core Vocabulary P Use linear equati ve real-life p
point-slope form, p. 7182 Writing Equations of Lines in Point-Slope Form
Pr ewqus Given a point on a line and the slope of the line, you can write an equation of the line.
slope'-lntercept form Consider the line that passes through (2, 3) and has a slope of 3. Let (x, y) be another
functlon point on the line where x # 2. You can write an equation relating x and y using the
linear model slope formula with (x,, y,) = (2, 3) and (x,, y,) = (x, y).
rate
\ m=22"N Write the slope formula.
X T X4
% = 1 : ; Substitute values.
%(x —-2)=y-—3 Multiply each side by (x — 2).
The equation in point-slope formisy — 3 = %(x —2).
&) Core Concept
Point-Slope Form
Words A linear equation written in the form
y — ¥, = m(x — x,) is in point-slope form.
The line passes through the point (x;, y;),
and the slope of the line is m.
Algebra y—y, = m(x — x,) <
A A
(passes through (x,, y1)]
\_
EXAMPLE 1 Using a Slope and a Point to Write an Equation
Write an equation in point-slope form of the line that passes through the
point (—8, 3) and has a slope of %.
SOLUTION
Check . .
. y =y, =mx— x)) Write the point-slope form.
y—3=,(x+38 1 o
? | y—3= Z[x - (—9)] Substitute Zfor m, —8 for x;, and 3 for y;.
3-3=3-8+% y=3=1x+8 Simplify.

0=O\/

P The equationisy — 3 = %(x + 8).

9 3 \
Momtormg Progregg ‘»/ Help in English and Spanish at BigldeasMath.com

Write an equation in point-slope form of the line that passes through the given
point and has the given slope.

2
1. G, —-D)ym= -2 2. 4,0;,m=—3
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ANOTHER WAY

You can use either of the
given points to write an
equation of the line.
Usem = —2and (3, —2).
y—(=2) = -2(x - 3)
y+2=-2x+6
y=-2x+4

>

Writing Equations of Lines Given Two Points

When you are given two points on a line, you can write an equation of the line using
the following steps.

Step 1 Find the slope of the line.

Step 2 Use the slope and one of the points to write an equation of the line in
point-slope form.

EXAMPLE 2 Using Two Points to Write an Equation

Write an equation in slope-intercept form of the line shown. YAN@1,2)
2 L
SOLUTION
Step 1 Find the slope of the line. ‘—1 1 3 5 x
N 3,-2)
m:_2_2:__40r—2 2
3—-1 27
Step 2 Use the slope m = —2 and the point (1, 2) to write 7\_4\1
an equation of the line.
y—y, =mx—x) Write the point-slope form.
y—2=-2x-1) Substitute —2 for m, 1 for x,, and 2 for y;.
y—2=-2x+2 Distributive Property
y=—-2x+4 Write in slope-intercept form.

P The equationisy = —2x + 4.

EXAMPLE 3 Writing a Linear Function

Write a linear function f with the values f(4) = —2 and f(8) = 4.
SOLUTION

Note that you can rewrite f(4) = —2 as (4, —2) and f(8) = 4 as (8, 4).
Step 1 Find the slope of the line that passes through (4, —2) and (8, 4).

m= % = g, orl.5
Step 2 Use the slope m = 1.5 and the point (8, 4) to write an equation of the line.
y =y, =mx—x) Write the point-slope form.
y—4=15x-28) Substitute 1.5 for m, 8 for x;, and 4 for y,.
y—4=15x—12 Distributive Property
y=15x—8 Write in slope-intercept form.

P A function is f(x) = 1.5x — 8.

—_ 3
Monltormg Progregg ‘v/ Help in English and Spanish at BigldeasMath.com

Write an equation in slope-intercept form of the line that passes through the
given points.

3. (1,4), (3, 10) 4. (=4,-1),8, -4
5. Write a linear function g with the values g(2) = 3 and g(6) = 5.
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Solving Real-Life Problems

FEAIREN Modeling with Mathematics

The student council is ordering customized foam hands to promote school spirit. The
table shows the cost of ordering different numbers of foam hands. Can the situation be
modeled by a linear equation? Explain. If possible, write a linear model that represents
the cost as a function of the number of foam hands.

Number of foam hands | 4 6 8 10 12
Cost (dollars) 34 | 46 58 70 82

SOLUTION

1. Understand the Problem You know five data pairs from the table. You are asked
whether the data are linear. If so, write a linear model that represents the cost.

2. Make a Plan Find the rate of change for consecutive data pairs in the table. If the
rate of change is constant, use the point-slope form to write an equation. Rewrite
the equation in slope-intercept form so that the cost is a function of the number of
foam hands.

3. Solve the Problem
Step 1 Find the rate of change for consecutive data pairs in the table.
46—34:6 58—-46 _ 70—-58 _ 82—-70 _
6—4 T 8-6 10 -8 12 -10
Because the rate of change is constant, the data are linear. So, use the point-
slope form to write an equation that represents the data.

6

Step 2 Use the constant rate of change (slope) m = 6 and the data pair (4, 34) to
write an equation. Let C be the cost (in dollars) and n be the number of

foam hands.
C—C =mn—n) Write the point-slope form.
C—34=6(n—4) Substitute 6 for m, 4 for n,, and 34 for C;.
C—34=6n—24 Distributive Property
C=6n+10 Write in slope-intercept form.

} Because the cost increases at a constant rate, the situation can be modeled by a
linear equation. The linear model is C = 6n + 10.

4. Look Back To check that your model is correct, verify that the other data pairs are
solutions of the equation.

46=6(6)+10|/ 58=6(8)+10\/
70 = 6(10) + 10 v 82 = 6(12) + 10 v

. o W
Momforlng Progregg ‘»’ Help in English and Spanish at BigldeasMath.com

Number Total cost
of months (dollars) 6. You pay an installation fee and a monthly fee for Internet service.
The table shows the total cost for different numbers of months. Can
3 176 . . . . .
the situation be modeled by a linear equation? Explain. If possible,
6 302 write a linear model that represents the total cost as a function of the
9 428 number of months.
12 554
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EXxercises

—Vocabulary and Core Concept Check

through (3, —2) and has a slope of 4.

1. USING STRUCTURE Without simplifying, identify the slope of the line given by the equation
y — 5 = —2(x + 5). Then identify one point on the line.

2. WRITING Explain how you can use the slope formula to write an equation of the line that passes

Monitoring Progress and Modeling with Mathematics

In Exercises 3—10, write an equation in point-slope form
of the line that passes through the given point and has
the given slope. (See Example 1.)

3. 2,)ym=2 4. (3,5);m=—1
5. (7, —4);m= —6 6. (=8, —2y,m=5
7. 9,0;m=-3 8. (0,2);m=4
9. (—6,6)m=2 10. (5,—12;m=—3

In Exercises 11-14, write an equation in slope-intercept
form of the line shown. (See Example 2.)

1. Ay A 12. R Y
[ (=4, 0)
771 1 < 1 >
- 3, 1‘): —N\]-2 2x
=1 |1 /3] 5x L
L (1, =5)
|4, -3
| 4 \ \
13. Ay 14. Ay
61 8T g 4)—%
(—6, 4) (4 1)
4 2 /
€ ,// >
o -2 6 | 10x
(=2,2) p
‘ |~
-6 -4 -2 Yx 7\_6w

In Exercises 15-20, write an equation in slope-intercept
form of the line that passes through the given points.

15. (7,2), (2, 12) 16. (6, -2), (12, 1)

17. 6, —1).3, =7 18. (=2,5),(—4, —-5)

19. (1, -9),(=3, -9 20. (—5,19), (5, 13)

Section 4.2

In Exercises 21-26, write a linear function f with the
given values. (See Example 3.)

2. fQ)=-2,fH=1 22. f5)=7f-=2=0

23. f(-4)=2,f(6)= -3 24. f(-10)=4,f(-2) =4

25. f(-3)=1,f13)=5 26. f(-9) =10,f(-1) = —2
In Exercises 27-30, tell whether the data in the

table can be modeled by a linear equation. Explain.

If possible, write a linear equation that represents y

as a function of x. (See Example 4.)

27. | x| 2 4 | 6 | 8 |10
y -1 5 152 | 47

28. 30 -11 3|5
y 16 10 4 |-2]|-8
I R 0. 7T,
0 | 12 118
1| 14 2 |15
2 | 16 4 | 12
4 | 2 8 | 9

31. ERROR ANALYSIS Describe and correct the error in
writing a linear function g with the values g(5) = 4
and g(3) = 10.

X _10-4 B
i Y= Y1 =mx— x4

&
—4=-3x—5
=_£=—5 Y

2

y=—3x—1
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32. ERROR ANALYSIS Describe and correct the error in 38. HOW DO YOU SEE IT? The graph shows two points
writing an equation of the line that passes through the that lie on the graph of a linear function.
points (1, 2) and (4, 3).
AY
X 3—-2_1 1 B
= - == —2=—(x—4
m=2-1"3 * 3= 4 72
®
33. MODELING WITH MATHEMATICS You are designing < 5 P & P
a sticker to advertise your band. A company charges v ‘ ‘ ‘ ‘
$225 for the first 1000 stickers and $80 for each
additional 1000 stickers. a. Does the y-intercept of the graph of the linear
a. Write an equation that represents the total cost function appear to be positive or negative?
(in dollars) of the stickers as a function of the Explain.
number (in thousands) of stickers ordered. b. Estimate the coordinates of the two points. How
b. Find the total cost of 9000 stickers. can you use your estimates to confirm your answer
in part (a)?
34. MODELING WITH MATHEMATICS You pay a
processing fee and a daily fee to rent a beach house.
The table shows the total cost of renting the beach 39. CONNECTION TO TRANSFORMATIONS Compare the
house for different numbers of days. graph of y = 2x to the graph of y — 1 = 2(x + 3).
Make a conjecture about the graphs of y = mx and
Days 2 4 6 8 y—k=m(x — h).
Total cost (dollars) | 246 | 450 | 654 | 858 40. COMPARING FUNCTIONS Three siblings each

days you can rent the beach house? Spending Money Week, | Money
y X left, y
. . b el
35. WRI'I;ING%(Deszr)lbe two ways to graph the equation o n :g 1 $100
y — = (x — . >‘£
2 % g 0 2 $75
) S~ 20 3 $50
36. THOUGHT PROVOKING The graph of a linear 0
function passes through the point (12, —5) and has a 4 $25
slope of % Represent this function in two other ways.

37.

a. Can the situation be modeled by a linear equation?

Explain.
b. What is the processing fee? the daily fee?

¢. You can spend no more than $1200 on the beach
house rental. What is the maximum number of

REASONING You are writing an equation of the line
that passes through two points that are not on the
y-axis. Would you use slope-intercept form or
point-slope form to write the equation? Explain.

receive money for a holiday and then spend it at a
constant weekly rate. The graph describes Sibling A’s
spending, the table describes Sibling B’s spending,
and the equation y = —22.5x + 90 describes

Sibling C’s spending. The variable y represents the
amount of money left after x weeks.

a. Which sibling received the most money?
the least money?

b. Which sibling spends money at the fastest rate?
the slowest rate?

¢. Which sibling runs out of money first? last?

Maintaining Mafhemafical PrOfiCiency Reviewing what you learned in previous grades and lessons

Write the reciprocal of the number. (Skills Review Handbook)

4. 5 42. -8 43, -2 44.

(SIS
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Writing Equations of Parallel

and Perpendicular Lines

Egsenﬁal Question How can you recognize lines that are parallel or

perpendicular?

EXPLORATION 1 Recognizing Parallel Lines

‘ COMMON
CORE
Learning Standards
HSA-CED.A.2
HSF-LE.A.2

USING TOOLS
STRATEGICALLY

To be proficient in math,

>

you need to use a graphing

calculator and other
available technological
tools, as appropriate,
to help you explore
relationships and deepen
your understanding

_ of concepts.

Section 4.3

Work with a partner. Write each linear equation in slope-intercept form. Then use a
graphing calculator to graph the three equations in the same square viewing window.
(The graph of the first equation is shown.) Which two lines appear parallel? How can
you tell?

a.3x+4y=6 b. 5x +2y=6

3x+4y =12 2x+y=3

4x + 3y =12 25x+y=>5
6 6

EXPLORATION 2 Recognizing Perpendicular Lines

Work with a partner. Write each linear equation in slope-intercept form. Then use a
graphing calculator to graph the three equations in the same square viewing window.
(The graph of the first equation is shown.) Which two lines appear perpendicular?
How can you tell?

a.3x+4y=06 b. 2x + 5y =10
3x—4y =12 —2x+y=3
4x — 3y =12 25x —y=15
6 6
79 IIIIIIIII :\1 ||||||| 9 79 ||||||||| \Illlg
[ ' T~
_ 3 3
y=-2x*t3 y=—sx+2
5 ’ -6

Communicate Your Answer

3. How can you recognize lines that are parallel or perpendicular?

4. Compare the slopes of the lines in Exploration 1. How can you use slope to
determine whether two lines are parallel? Explain your reasoning.

5. Compare the slopes of the lines in Exploration 2. How can you use slope to
determine whether two lines are perpendicular? Explain your reasoning.
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What You Will Learn

P Identify and write equations of parallel lines.
P Identify and write equations of perpendicular lines.
P Use parallel and perpendicular lines in real-life problems.

Core Vocabulary

paraliel lines, p. 758 Identifying and Writing Equations of Parallel Lines
perpendicular lines, p. 189

Previous cﬁ core Concepf

reciprocal
Parallel Lines and Slopes
Two lines in the same plane that never intersect are parallel lines. Nonvertical
> lines are parallel if and only if they have the same slope.
READING All vertical lines are parallel.
The phrase “A if and
only if B" is a way of L .
writing two conditional AR |dentifying Parallel Lines

statements at once. It

r’r}:eans Fh atifAis ltrue' Determine which of the lines are parallel. a
then B is tru_e. It.a e} SOLUTION
means that if B is true, b
—then A is true. Find the slope of each line. ba
. 2—-3 1
L : = —F—<="=
inea: m Ty 5
-1-0 1 -~
Lineb: m= 1_7(_3) = _Z (7
Linec: m= H = —%

P Lines a and c have the same slope, so they are parallel.

FEAILIRIN  \Writing an Equation of a Parallel Line

Write an equation of the line that passes through (5, —4) and is parallel to
the line y = 2x + 3.

ANOTHER WAY SOLUTION

You can also use the slope
m = 2 and the point-slope
form to write an equation
of the line that passes Step 2 Use the slope-intercept form to find the y-intercept of the parallel line.
through (5, —4).

Step 1 Find the slope of the parallel line. The graph of the given equation has a slope
of 2. So, the parallel line that passes through (5, —4) also has a slope of 2.

y=mx +b Write the slope-intercept form.
Y=y = mx= x) —4=205)+0b Substitute 2 for m, 5 for x, and —4 for y.
y = (=4) = 2(x = 5)
—14=b Solve for b.

y=2x—-14

{> P Usingm =2 and b = —14, an equation of the parallel line is y = 2x — 14.

; < M
MO"ITOI’I"Q Progress ‘Df Help in English and Spanish at BigldeasMath.com
1. Line a passes through (—5, 3) and (—6, —1). Line b passes through (3, —2) and
(2, —7). Are the lines parallel? Explain.

2. Write an equation of the line that passes through (—4, 2) and is parallel to
the line y = %x + 1.
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REMEMBER

The product of a nonzero

Identifying and Writing Equations
of Perpendicular Lines

&) Core Concept

number m and its negative

reciprocal is —1:

4]

ANOTHER WAY

You can also use the
slope m = —2 and the
slope-intercept form to
write an equation of the
line that passes through
(=3, 1).

y=mx-+b
1=-2(-3)+b
-5=b

So,y = —2x — 5.

>

>

Section 4.3

Perpendicular Lines and Slopes

Two lines in the same plane that intersect to
form right angles are perpendicular lines.
Nonvertical lines are perpendicular if and
only if their slopes are negative reciprocals.

(v

A
xY

Vertical lines are perpendicular to
horizontal lines.

\_

EXAMPLE 3 Identifying Parallel and Perpendicular Lines

Determine which of the lines, if any, are parallel or perpendicular.

Linea: y=4x+2 Line b: x +4y =3 Linec: —8y — 2x =16

SOLUTION

Write the equations in slope-intercept form. Then compare the slopes.

Linea: y=4x + 2 Lineb:y=—ix+% Linec:y=—%x—2

P Lines b and ¢ have slopes of —%, so they are parallel. Line a has a slope of 4,
the negative reciprocal of —l, so it is perpendicular to lines b and c.

EXAMPLE 4 Writing an Equation of a Perpendicular Line

Write an equation of the line that passes through (—3, 1) and is perpendicular to the
line y = 3x + 3.

SOLUTION

Step 1 Find the slope of the perpendicular line. The graph of the given equation has a
slope of % Because the slopes of perpendicular lines are negative reciprocals,
the slope of the perpendicular line that passes through (=3, 1) is —2.

Step 2 Use the slope m = —2 and the point-slope form to write an equation of the
perpendicular line that passes through (=3, 1).

y =y =mx —x) Write the point-slope form.

y—1==2[x—(—-3)] Substitute —2 for m, —3 for x;, and 1 for y,.
y—1=-2x—-6 Simplify.
y=-—2x—15 Write in slope-intercept form.

P> Anequation of the perpendicular line is y = —2x — 5.

. N
Momformg Progress ‘3'” Help in English and Spanish at BigldeasMath.com

3. Determine which of the lines, if any, are parallel or perpendicular. Explain.
Linea: 2x + 6y = —3  Lineb: y=3x—8 Linec: —6y + 18x =9

4. Write an equation of the line that passes through (—3, 5) and is perpendicular to
the liney = —3x — 1.
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Writing Equations for Real-Life Problems

DEVIIRISN  Writing an Equation of a Perpendicular Line

The position of a helicopter search and rescue crew is shown in the graph. The shortest
flight path to the shoreline is one that is perpendicular to the shoreline. Write an
equation that represents this path.

Ay 1(
\\
water (14, 4) |
2 \\
= —— >
2 | a 8 10/12 1416 x
f_‘z shore™|
‘ // N
™y A

190

Chapter 4

SOLUTION

1. Understand the Problem You can see the line that represents the shoreline. You
know the coordinates of the helicopter. You are asked to write an equation that
represents the shortest flight path to the shoreline.

2. Make a Plan Find the slope of the line that represents the shoreline. Use the
negative reciprocal of this slope, the coordinates of the helicopter, and the
point-slope form to write an equation.

3. Solve the Problem

Step 1 Find the slope of the line that represents the shoreline. The line passes
through points (1, 3) and (4, 1). So, the slope is

_1-3_ 2
4-1 3

Because the shoreline and shortest flight path are perpendicular, the slopes
of their respective graphs are negative reciprocals. So, the slope of the

graph of the shortest flight path is %

m

Step 2 Use the slope m = % and the point-slope form to write an equation of the
shortest flight path that passes through (14, 4).

y =y, =mx—x) Write the point-slope form.
y—4= %(x — 14) Substitute%for m, 14 for x,, and 4 for y,.
y—4= %x - 21 Distributive Property

y= 3x—17 Write in slope-intercept form.

2
P> An equation that represents the shortest flight path is y = %x - 17.

4. Look Back To check that your equation is correct, verify that (14, 4) is a solution
of the equation.

4=314) - 17 \/

o e N
Momtormg Progress 4»/ Help in English and Spanish at BigldeasMath.com

5. In Example 5, a boat is traveling parallel to the shoreline and passes
through (9, 3). Write an equation that represents the path of the boat.

Writing Linear Functions



EXercises

Vocabulary and Core Concept Check
1. COMPLETE THE SENTENCE Nonvertical lines have the same slope.

2. VOCABULARY Two lines are perpendicular. The slope of one line is —%, What is the slope of the
other line? Justify your answer.

Monitoring Progress and Modeling with Mathematics

In Exercises 3-8, determine which of the lines, if any, 15.

Line a passes through (—2, 1) and (0, 3).
are parallel. Explain. (See Example 1.)

Line b passes through (4, 1) and (6, 4).

3. ‘ ‘ VA | a. k“y ‘ b T Line ¢ passes through (1, 3) and (4, 1).
3,1 T0.%2% 0, 5) (4, 6)
/' iy A ! | 16. Line a passes through (2, 10) and (4, 13).
ol a5 (. 4) Line b passes through (4, 9) and (6, 12).
- ©,0) > ! Line ¢ passes through (2, 10) and (4, 9).
-3 J 1.7/ x \
b ~ A’ (3,0) 2 \ .
A 5 | 3‘ 17. Linea: 4x —3y=2 18. Linea: y=6x—2
c —/3(7 =3 < (2, 0) > Line b: y=%x+2 Line b: 6y = —x
A Y Y 12N (503 6x Line ¢: 4y + 3x =4 Linec: y + 6x =1
5. Line a passes through (=1, —2) and (1, 0). . . . .
Line b passes through (4, 2) and (2, —2). In Exercises 19-22, \:vrlte alf equatl?n of the llfle that
Line ¢ passes through (0, 2) and (—1, 1). passes through the given point and is perpendicular to

the given line. (See Example 4.)
6. Line a passes through (—1, 3) and (1, 9).
Line b passes through (=2, 12) and (—1, 14).
Line ¢ passes through (3, 8) and (6, 10).

19. (7,105y=2x—9  20. (=4, —1;y=3x+6

21, (—3,3)2y=8x—6 22. (8, 12y +4x=12
7. Linea: 4y + x =8 8. Linea: 3y—x=6
Line b: 2y + x =4 Line b: 3y =x + 18
Linec: 2y =—-3x+6 Linec: 3y —2x=9

In Exercises 23 and 24, write an equation of the line that
passes through the given point and is (a) parallel and
(b) perpendicular to the given line.

In Exercises 9-12, write an equation of the line that 23. jé“ 3 24. L 1‘“’ A
passes through the given point and is parallel to the < / >
given line. (See Example 2.) L4 \\ —1‘ 1 3 5 x
(4, 3)
_ Cy = cy = — =2
9. (—L3xy=2x+2 10. (1,2 y=—-5x+4 S / 3, -2
11. (18,2);3y —x=—12 12. (2,-5);2y=3x+ 10 \ 4
MR AEAREIE 114
In Exercises 13-18, determine which of the lines, if any,
are parallel or perpendicular. Explain. (See Example 3.) 25. ERROR ANALYSIS Describe and correct the error in
13 14 \ writing an equation of the line that passes through
" e ‘ ‘ A ‘ ryg 1% e (2‘ 5)‘ (1, 3) and is parallel to the line y = %x + 2.
6 4 / -1 l/x (0, 5) 5
*‘(—?‘: —1y 0, -1) / 3, 4) T~
(—6,/ —4;/ / 3 / ' b X Y= y1 = mx—x)
(=1, 1 — 3= —4(x—
/ (-5, -4 74_4 }J_-\ / Y 3 4(X 1)
b1 1/ ‘ < 2.0 > y—3=—-4x+4
/L N 1(-2,-6) 2 T~_5x
(=3, -6) ‘ = -
a | | NMc \ Yy (0,0) Fai y=—4x+7
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26. ERROR ANALYSIS Describe and correct the error in
writing an equation of the line that passes through
(4, —5) and is perpendicular to the line y = %x + 5.

X Y= 1= mix— x,)
y—(=5)=3(x—4)
y+5=3x—12
y=3x—17

27. MODELING WITH MATHEMATICS A city water
department is proposing the construction of a
new water pipe, as shown. The new pipe will be
perpendicular to the old pipe. Write an equation that
represents the new pipe. (See Example 5.)

Ay [ ]
] { ‘$ Y~ existing
| ] '

(0, 3) W@ter pipe

*connectpr /\

X
vglve Y/ (2, 0)

<

=6 Fa /| 4 | 6 | 8x
-3, —1)7/ 1 .
: )// 2 TN
l/ 4 pP\Op\OS\ed \\
¥ y Water pipe | TNQ

28. MODELING WITH MATHEMATICS A parks and
recreation department is constructing a new bike path.
The path will be parallel to the railroad tracks shown
and pass through the parking area at the point (4, 5).
Write an equation that represents the path.

#f—s“y' H i &
, parking r 3

16| area

L] 4,5
g i 21, 4)
L1, &
*se g

Y 2 4 &6 10 | 12 | 14x

A

29. MATHEMATICAL CONNECTIONS The vertices of a
quadrilateral are A(2, 2), B(6, 4), C(8, 10), and D(4, 8).

a. Is quadrilateral ABCD a parallelogram? Explain.
b. Is quadrilateral ABCD a rectangle? Explain.
30. USING STRUCTURE For what value of a are the

graphs of 6y = —2x + 4 and 2y = ax — 5 parallel?
perpendicular?

31. MAKING AN ARGUMENT ‘ ‘ Ay
A hockey puck leaves
the blade of a hockey stick,
bounces off a wall, and
travels in a new direction,
as shown. Your friend
claims the path of the puck
forms a right angle. Is your
friend correct? Explain.

i

3| (—4, 0)]
HEENEE

sy

32. HOW DO YOU SEE IT? A softball academy charges
students an initial registration fee plus a monthly fee.
The graph shows the total amounts paid by two students
over a 4-month period. The lines are parallel.

Softball Academy

ul ‘ Z

l [
300 [ Student B

w

N

U<
-

(dollars)
- N

Total cost
N o N
o urto wn

=~ Student A|

[ |

>
S

12 3 4 x
Months of membership

o

a. Did one of the students pay a greater registration
fee? Explain.

b. Did one of the students pay a greater monthly fee?
Explain.

REASONING In Exercises 33-35, determine whether the
statement is always, sometimes, or never true. Explain
your reasoning.

33. Two lines with positive slopes are perpendicular.
34. A vertical line is parallel to the y-axis.

35. Two lines with the same y-intercept are perpendicular.

36. THOUGHT PROVOKING You are designing a new
logo for your math club. Your teacher asks you to
include at least one pair of parallel lines and at least
one pair of perpendicular lines. Sketch your logo in a
coordinate plane. Write the equations of the parallel
and perpendicular lines.

Mainfaining Mathemafical PrOficiency Reviewing what you learned in previous grades and lessons

Determine whether the relation is a function. Explain.

37. (3,6),(4,8),(5,10),(6,9), (7, 14)

(Section 3.1)
38. (—1,6),(1,4),(—1,2),(1,6),(—1,5)
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4.1-4.3 What Did You Learn?

Core Vocabulary

linear model, p. 178 parallel lines, p. 188
point-slope form, p. 182 perpendicular lines, p. 189
Core Concepts

Section 4.1

Using Slope-Intercept Form, p. 176

Section 4.2
Using Point-Slope Form, p. 182

Section 4.3

Parallel Lines and Slopes, p. 188
Perpendicular Lines and Slopes, p. 189

Mathematical Practices

1. How can you explain to yourself the meaning of the graph in Exercise 36 on page 180?
2. How did you use the structure of the equations in Exercise 39 on page 186 to make a conjecture?

3. How did you use the diagram in Exercise 31 on page 192 to determine whether your friend
was correct?

———————————————— StudySkills! - === - - - - oo
Getting Actively
Involved in Class

If you do not understand something at all and do not even know
how to phrase a question, just ask for clarification. You might
say something like, “Could you please explain the steps in this
problem one more time?”

If your teacher asks for someone to go up to the board,
volunteer. The student at the board often receives additional
attention and instruction to complete the problem.




Write an equation of the line in slope-intercept form. (Section 4.1)

1. 728 2. J \ 3. Ay
L [a,3) ~_/0,5) A
/ AR (—2,4)
- / R - ,
EREN AN ’ 0.0
0,0
2)((0 Nl - . e 2
W 2 [ ¥ 2] ax HERELN

Write an equation in point-slope form of the line that passes through the given points. (Section 4.2)

4. (—2,5),(1,—1) 5. (-3,-2),2,—-1 6. (1,0), 4,4

Werite a linear function f with the given values. (Section 4.1 and Section 4.2)

7. f(0)=2,f(5)= -3 8. f(=1)=—6,f(4) = -6 9. f(=3)=-2,/(=2)=3
Determine which of the lines, if any, are parallel or perpendicular. Explain. (Section 4.3)
10. Line a passes through (—2, 2) and (2, 1). 11. Linea: 2x + 6y = —12
Line b passes through (1, —8) and (3, 0). Line b: y = %x -5
Line ¢ passes through (—4, —3) and (0, —2). Linec: 3x — 2y = —4

Write an equation of the line that passes through the given point and is (a) parallel and (b) perpendicular
to the given line. (Section 4.3)

12. ZAy ‘ 13. Ay 14. Ay
(6,2) ’ ,
-/ e ! (—4, 0) \\
2 4 6 x —4, N
3 2 } S5 -3 x
/
2 =2
| \
(=2, -3)y Xy

15. A website hosting company charges an initial fee of $48 to set up a website. The company
charges $44 per month to maintain the website. (Section 4.1)

a. Write a linear model that represents the total cost of setting up and maintaining a
website as a function of the number of months it is maintained.
b. Find the total cost of setting up a website and maintaining it for 6 months.

A different website hosting company charges $62 per month to maintain a website,
but there is no initial set-up fee. You have $620. At which company can you set up and
maintain a website for the greatest amount of time? Explain.

16. The table shows the amount of water remaining in a water . 3 10 12 14

16

tank as it drains. Can the situation be modeled by a linear
equation? Explain. If possible, write a linear model that Water (gallons) | 155 | 150 | 145 | 140

135

represents the amount of water remaining in the tank as a
function of time. (Section 4.2)
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Scatter Plots and Lines of Fit

Essential Quegﬂon How can you use a scatter plot and a line of fit

‘g CoMMON to make conclusions about data?
CORE
] A scatter plot is a graph that shows the relationship between two data sets. The two
Il:lesa::r_rlm_lg-%-sstandards data sets are graphed as ordered pairs in a coordinate plane.
HSS-1D.B.6a
HSS-ID.B.6c
HSS-ID.C.7 o - ~ T . .
S INeiVNI[el/BN Finding a Line of Fit
Work with a partner. A survey was Ages of Married Couples
taken of 179 married couples. Each
. 85
person was asked his or her age. The 80 .
scatter plot shows the results. 75 o %
a. Draw a line that approximates 70 Lol
the data. Write an equation of the o ©° ot
line. Explain the method you used. 2 60 N
v 55 b
[} N .
D b. What conclusions can you make E 50 f:: .
REASONING from the equation you wrote? 45 o o
Explai ing. 40 .
Q U A N T I TAT I V E LY Xplain your reasoning s bt e
To be proficient in math, 30 4
you need to make sense 0
of quantities and their 0 30 35 40 45 50 55 60 65 70 75 80
relationships in problem Husband’s age
—situations.

SIS Finding a Line of Fit

Work with a partner. The scatter

plot shows the median ages of Ages of American Women
American women at their first CIE AR b SR
marriage for selected years from 28
1960 through 2010. 26 I .
a. Draw a line that approximates g i; ) 1

the data. Write an equation of T e o

the line. Let x represent the 18

number of years since 1960. o{

Explain the method you used. 1960 1970 1980 1990 2000 2010
b. What conclusions can you make Year

from the equation you wrote?

c. Use your equation to predict the median age of American women at their
first marriage in the year 2020.

Communicate Your Answer

3. How can you use a scatter plot and a line of fit to make conclusions about data?

4. Use the Internet or some other reference to find a scatter plot of real-life data that
is different from those given above. Then draw a line that approximates the data
and write an equation of the line. Explain the method you used.
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4.4 Lesson What You Will Learn

P Interpret scatter plots.
P Identify correlations between data sets.
P Use lines of fit to model data.

Core Vocabulary
scatter plot, p. 196 Interpreting Scatter Plots

correlation, p. 197
line of fit, p. 798

) Core Concept

Scatter Plot

A scatter plot is a graph that shows the relationship between two data sets. The
two data sets are graphed as ordered pairs in a coordinate plane. Scatter plots can
show trends in the data.

EXAMPLE 1 Interpreting a Scatter Plot

The scatter plot shows the amounts x (in grams) of sugar and the numbers y of

Smoothies . .
calories in 10 smoothies.
YA
320 4 a. How many calories are in the smoothie that contains 56 grams of sugar?
2(1)2 b. How many grams of sugar are in the smoothie that contains 320 calories?
9 290 o | ode ¢. What tends to happen to the number of calories as the number of grams of
E 280 sugar increases?
©
o 270 ®
260 SOLUTION
250 ° a. Draw a horizontal line from the point Smoothies
240 {/\/ that has an x-value of 56. It crosses the Y
0 > -axi A
0 36 50 54 58 62 66 70 x y-axis at 270. 320 '
Sugar (grams) P> So, the smoothie has 270 calories. 310 !
300 1
b. Draw a vertical line from the point that Q 290 e ee |
. S 1
has a y-value of 320. It crosses the x-axis © 280 i
at 70. S 270t - s Pl !
. 260 oo !
P> So, the smoothie has 70 grams 50l | e !
of sugar. 240 !
1
c. Looking at the graph, the plotted points go 00™6 50 52 58 62 66 70"«
up from left to right. Sugar (grams)

P So, as the number of grams of
sugar increases, the number of
calories increases.

s N
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1. How many calories are in the smoothie that contains 51 grams of sugar?

2. How many grams of sugar are in the smoothie that contains 250 calories?
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STUDY TIP

You can think of a positive
correlation as having

a positive slope and a
negative correlation as
having a negative slope.

Identifying Correlations between Data Sets

A correlation is a relationship between data sets. You can use a scatter plot to describe
the correlation between data.

Positive Correlation Negative Correlation No Correlation
AY AY AY

<
<€

A
A
xYy @

xY

Y
The points show
no pattern.

As x increases,
y decreases.

As x increases,
y increases.

EXAMPLE 2 Identifying Correlations

Tell whether the data show a positive, a negative, or no correlation.

a. age and vehicles owned b. temperature and coat sales at a store

Age and Vehicles Owned Temperature and Coat Sales
" YA YA
3 7 ° > 70
2 6 ° T 60| ®e
< e [ ]
g S5 e e g 50 o ®
) E Al—ro—————o—— % 40 o o
g o3 ° @ 30 o o
€ 2+ o o £ 20 bl d
o
3 1 o g 10 )
0\, > 0\, =
0 20 25 30 35 40 45 50 55 x 0 35 40 45 50 55 60 65 70 x
Person’s age (years) Average daily
temperature (°F)

SOLUTION

a. The points show no pattern. The number of vehicles owned does not depend on a
person’s age.

P So, the scatter plot shows no correlation.
b. As the average temperature increases, the number of coats sold decreases.

P So, the scatter plot shows a negative correlation.

s N
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Make a scatter plot of the data. Tell whether the data show a positive, a negative,
or no correlation.

3 Temperature (°F), x 82 | 78 | 68 | 87 | 75 | 71 | 92 | 84
Attendees (thousands), y | 45 | 40 | 1.7 | 55 | 3.8 | 29 | 47 | 53

4. Age of a car (years), x 1 2 3 4 5 6 7 8
Value (thousands), y $24 | $21 | $19 | $18 | $15 | $12 | $8 $7
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STUDY TIP

A line of fit is also called
a trend line.

>

DVD Sales

Sales (millions of dollars)

(6, 8)

0

1

2 3456 7 809
Week

>
X

198

Using Lines of Fit to Model Data

When data show a positive or negative correlation, you can model the trend in the data
using a line of fit. A line of fit is a line drawn on a scatter plot that is close to most of
the data points.

G Core Concept

Using a Line of Fit to Model Data
Step 1 Make a scatter plot of the data.
Step 2 Decide whether the data can be modeled by a line.

Step 3 Draw a line that appears to fit the data closely. There should be
approximately as many points above the line as below it.

Step 4 Write an equation using two points on the line. The points do not have
to represent actual data pairs, but they must lie on the line of fit.

\.

EXAMPLE 3 Finding a Line of Fit

The table shows the weekly sales of a DVD and the number of weeks since its release.
Write an equation that models the DVD sales as a function of the number of weeks
since its release. Interpret the slope and y-intercept of the line of fit.

Week, x 1 2 3 4 5 6 7 8
Sales (millions), y | $19 | $15 | $13 | $11 | $10 | $8 $7 | $5

SOLUTION
Step 1 Make a scatter plot of the data.

Step 2 Decide whether the data can be modeled by a line. Because the scatter plot
shows a negative correlation, you can fit a line to the data.

Step 3 Draw a line that appears to fit the data closely.

Step 4 Write an equation using two points on the line. Use (5, 10) and (6, 8).

The slope of the line is m = 86_— 150 = —2.
Use the slope m = —2 and the point (6, 8) to write an equation of the line.

y =y, =mx— x)) Write the point-slope form.

y—8=—-2(x—06) Substitute —2 for m, 6 for x,, and 8 for y;.
y=—2x+20 Solve for y.

P> An equation of the line of fitis y = —2x + 20. The slope of the line is —2. This
means the sales are decreasing by about $2 million each week. The y-intercept is
20. The y-intercept has no meaning in this context because there are no sales in
week 0.

o . N\
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5. The following data pairs show the monthly income x (in dollars) and the monthly
car payment y (in dollars) of six people: (2100, 410), (1650, 315), (1950, 405),
(1500, 295), (2250, 440), and (1800, 375). Write an equation that models the
monthly car payment as a function of the monthly income. Interpret the slope
and y-intercept of the line of fit.
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1.

EXxercises

Vocabulary and Core Concept Check

2. VOCABULARY What is a line of fit?

COMPLETE THE SENTENCE When data show a positive correlation, the dependent variable tends
to as the independent variable increases.

Monitoring Progress and Modeling with Mathematics

In Exercises 3—-6, use the scatter plot to fill in the
missing coordinate of the ordered pair.

3.

4,

A

a6, ) Y
_ [ )
@3, ) 41— e
(L1 o e
[ ]

(.17 N

5 o [ ]

:V? § 1‘0 1f1 1‘8‘7(

INTERPRETING A SCATTER PLOT The scatter plot

shows the hard drive capacities (in gigabytes) and the

prices (in dollars) of 10 laptops. (See Example 1.)

Laptops
y
1600“
> 1400
S
S 1200 py
g 1000
<= 800 ®
g 600 s
= ®
a 400 .
® [ ]
200
0 >
0 2 4 6 8 10 12x
Hard drive capacity (gigabytes)

a. What is the price of the laptop with a hard drive
capacity of 8 gigabytes?

b. What is the hard drive capacity of the
$1200 laptop?

c. What tends to happen to the price as the hard drive

capacity increases?

8.

INTERPRETING A SCATTER PLOT The scatter plot
shows the earned run averages and the winning

percentages of eight pitchers on a baseball team.

Pitchers

y
0.700
0.600
0.500
0.400
0.300 o
0.200
0.100

0 >
02 3 4 5 6x

Earned run average

Winning percentage

. What is the winning percentage of the pitcher with

an earned run average of 4.2?

What is the earned run average of the pitcher with
a winning percentage of 0.33?

. What tends to happen to the winning percentage as

the earned run average increases?

In Exercises 9-12, tell whether x and y show a positive,
a negative, or no correlation. (See Example 2.)

9. Ay 10. Ay
2{e o 2
D 2,0 o 2 X -3 |- 3'x
2
Y 3y
11. \y Y 12. ejeo o Ay
° RDMDOR
° e o
-3 S R IR SR, I 8
-4 4 °
- [ )
Y a4 | 8 | 12x -4 [ Y | 4 'x
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In Exercises 13 and 14, make a scatter plot of the data.
Tell whether x and y show a positive, a negative, or no
correlation.

13.

14.

15.

16.

17.

18.

Evaluate the function when x = —3, 0, and 4.
25. g(x) = 6x

27. f(x)=5x— 8

x| 3122253739 15/27]20
y 1 o1 202 3]|2

3 4 5 6 7 8 9 10
67 | 67 | 50 | 33 | 25 |21 | 19 4

MODELING WITH MATHEMATICS The table shows the
world birth rates y (number of births per 1000 people)
x years since 1960. (See Example 3.)

0 10 20 30 40 50
354 | 33.6 | 283 | 27.0 | 22.4 | 20.0

a. Write an equation that models the birthrate as a
function of the number of years since 1960.

b. Interpret the slope and y-intercept of the line of fit.
MODELING WITH MATHEMATICS The table shows

the total earnings y (in dollars) of a food server who
works x hours.

0 1 2 3 4 5 6
0 18 | 40 | 62 | 77 | 85 | 113

a. Write an equation that models the server’s
earnings as a function of the number of hours the
server works.

b. Interpret the slope and y-intercept of the line of fit.

OPEN-ENDED Give an example of a real-life data set
that shows a negative correlation.

MAKING AN ARGUMENT Your friend says that the
data in the table show a negative correlation because
the dependent variable y is decreasing. Is your friend
correct? Explain.

14 | 12 | 10 8 6 4 2
y| 4 1 O |—-1]|]—-2|—-4]-5

20.

22.

23.

24,

USING TOOLS Use a ruler or a yardstick to find the
heights and arm spans of five people.

a. Make a scatter plot using the data you collected.
Then draw a line of fit for the data.

b. Interpret the slope and y-intercept of the line of fit.

THOUGHT PROVOKING A line of fit for a scatter plot
is given by the equation y = 5x + 20. Describe a
real-life data set that could be represented by the
scatter plot.

WRITING When is data best displayed in a scatter
plot, rather than another type of display, such as a bar
graph or circle graph?

HOW DO YOU SEE IT? The scatter plot shows part of
a data set and a line of fit for the data set. Four data
points are missing. Choose possible coordinates for
these data points.

| Ay A
\ /
120 A e
\
\ o
‘ 7
40
/I
<4 >
Y[ 4 812 16 20x

REASONING A data set has no correlation. Is it
possible to find a line of fit for the data? Explain.

ANALYZING RELATIONSHIPS Make a scatter plot
of the data in the tables. Describe the relationship
between the variables. Is it possible to fit a line to
the data? If so, write an equation of the line. If not,
explain why.

x| —-12| -9 | -7 -4 =3 | —1
150 | 76 50 15 10 1

y| 5 22 37 52 90 | 226

o Maintaining Mafhema'ﬁca' PrOfiCiency Reviewing what you learned in previous grades and lessons

(Section 3.3)

26. h(x) = —10x

28. v(x) = 14 — 3x

200
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c COMMON
g CORE
Learning Standards
HSF-LE.B.5
HSS-ID.B.6a
HSS-ID.B.6b
HSS-1D.B.6¢
HSS-ID.C.7
HSS-ID.C.8
HSS-ID.C.9

CONSTRUCTING
VIABLE ARGUMENTS
To be proficient in math,
you need to reason
inductively about data. {>

Analyzing Lines of Fit

Egsenﬂal Quegﬂon How can you analytically find a line of

best fit for a scatter plot?

EXPLORATION 1 Finding a Line of Best Fit

Work with a partner.

The scatter plot shows the median
ages of American women at their
first marriage for selected years
from 1960 through 2010. In
Exploration 2 in Section 4.4,

you approximated a line of fit
graphically. To find the line of
best fit, you can use a computer,
spreadsheet, or graphing calculator
that has a linear regression feature.

a. The data from the scatter plot is shown
in the table. Note that O, 5, 10, and
so on represent the numbers of years
since 1960. What does the ordered pair
(25, 23.3) represent?

. Use the linear regression feature to
find an equation of the line of best fit.
You should obtain results such as those
shown below.

(LinReg
y=ax+b
a=.1261818182
b=19.84545455
r2=.9738676804
r=.986847344

Ages of American Women
at First Marriage
28
26 K L
o 24 P
<m 22 3 ®
20¢**
18
0%
1960 1970 1980 1990 2000 2010
Year
(L1 L2 L3
0 20.3
5 20.6
10 20.8
15 21.1
20 22
25 23.3
30 23.9
35 24.5
40 25.1
45 25.3
50 26.1
[L1(55)=

¢. Write an equation of the line of best fit. Compare your result with the equation
you obtained in Exploration 2 in Section 4.4.

Communicate Your Answer

2. How can you analytically find a line of best fit for a scatter plot?

3. The data set relates the number of chirps per second for striped ground crickets
and the outside temperature in degrees Fahrenheit. Make a scatter plot of the data.
Then find an equation of the line of best fit. Use your result to estimate the outside
temperature when there are 19 chirps per second.

Chirps per second | 20.0 | 16.0 | 19.8 | 184 | 17.1
Temperature (°F) 88.6 | 71.6 | 93.3 | 84.3 | 80.6
Chirps per second | 14.7 | 154 | 16.2 | 15.0 | 14.4
Temperature (°F) 69.7 | 69.4 | 83.3|79.6 | 76.3
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What You Will Learn

P Use residuals to determine how well lines of fit model data.
P Use technology to find lines of best fit.
Core Vocabulary P Distinguish between correlation and causation.

residual, p. 202 Analyzing Residuals
linear regression, p. 203

line of best fit, p. 203 One way to determine how well a line of fit models a data set is to analyze residuals.

correlation coefficient, p. 203

interpolation, p. 205 @ care concepf

extrapolation, p. 205

causation, p. 205 Residuals

\. A residual is the difference of data line of fit
the y-value of a data point and the po‘int
corresponding y-value found using B (
the line of fit. A residual can be I |positive J \ negative
positive, negative, or zero. —residual L j residuall |
A scatter plot of the residuals shows data
how well a model fits a data set. If the point
model is a good fit, then the absolute ‘

values of the residuals are relatively

small, and the residual points will be more or less evenly dispersed about the
horizontal axis. If the model is not a good fit, then the residual points will form
some type of pattern that suggests the data are not linear. Wildly scattered
residual points suggest that the data might have no correlation.

\_

FEANIGNR N Using Residuals

Sales In Example 3 in Section 4.4, the equation y = —2x + 20 models the data in the table
Week, x (millions), y shown. Is the model a good fit?

1 $19 SOLUTION

2 $15 Step 1 Calculate the residuals. Organize your results in a table.

j iﬁ Step 2 Use the points (x, residual) to make a scatter plot.

5 $10 y-Value . 4 residual

6 $8 X1 Y | from model R g

7 $7 1|19 18 19-18=1

8 $5 2 |15 16 15— 16=—1 = > 2 76 sx
3 |13 14 13— 14=-1 ——1"
4 111 12 11-12=-1
5110 10 10-10=0
6 | 8 8 8§—-8=0
717 6 7-6=1
8 |5 4 5-4=1

P> The points are evenly dispersed about the horizontal axis. So, the equation
y = —2x + 20 1is a good fit.
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STUDY TIP

You know how to use two
points to find an equation

of a line of fit. When

finding an equation of the
line of best fit, every point

in the data set is used. {>

F NGRS  Using Residuals

The table shows the ages x and salaries y (in thousands of dollars) of eight employees
at a company. The equation y = 0.2x + 38 models the data. Is the model a good fit?

Age, x 35 | 37 | 41 | 43 | 45 | 47 | 53 | 55
Salary,y | 42 | 44 | 47 | 50 | 52 | 51 | 49 | 45

SOLUTION

Step 1 Calculate the residuals. Organize your results in a table.

Step 2 Use the points (x, residual) to make a scatter plot.

35 | 42 45.0 42 - 450 = -3.0 o

37 | 44 454 44—454=—14 | | ° i

41 | 47 46.2 47 — 462 = 0.8 A\ 4E s
43 | 50 46.6 S0-466=34 | | .

45 | 52 47.0 52 -47.0=5.0

47 | 51 474 S1-474=36 | Y

53 | 49 48.6 49 — 48.6 = 0.4

55 | 45 49.0 45 — 49.0 = —4.0

P The residual points form a N-shaped pattern, which suggests the data are not
linear. So, the equation y = 0.2x + 38 does not model the data well.

o . N
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1. The table shows the attendances y (in thousands) at an amusement park from 2005
to 2014, where x = 0 represents the year 2005. The equation y = —9.8x + 850
models the data. Is the model a good fit?

Year, x 0 1 2 3 4 5 6 7 8 9
Attendance, y | 850 | 845 | 828 | 798 | 800 | 792 | 785 | 781 | 775 | 760

Finding Lines of Best Fit

Graphing calculators use a method called linear regression to find a precise line of fit
called a line of best fit. This line best models a set of data. A calculator often gives a
value r, called the correlation coefficient. This value tells whether the correlation is
positive or negative and how closely the equation models the data. Values of r range
from —1 to 1. When ris close to 1 or —1, there is a strong correlation between the
variables. As r, gets closer to 0, the correlation becomes weaker.

r=-—1 r=20 r=1
strong negative no strong positive
correlation correlation correlation
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FONUIURIEN Finding a Line of Best Fit Using Technology

The table shows the durations x (in minutes) of several eruptions of the geyser

Old Faithful and the times y (in minutes) until the next eruption. (a) Use a graphing
calculator to find an equation of the line of best fit. Then plot the data and graph
the equation in the same viewing window. (b) Identify and interpret the correlation
coefficient. (c) Interpret the slope and y-intercept of the line of best fit.

Duration, x | 2.0 | 3.7 | 42 | 1.9 | 3.1 | 25 | 44 | 39

Time, y 60 | 83 | 84 | 58 | 72 | 62 | 85 | 85
SOLUTION
a. Step 1 Enter the data from the table L3 1
into two lists. 2
3.7 83
i 4.2 84
1.9 58
3.1 72
2.5 62
4.t 85
L1(1=2

Step 2 Use the linear regression feature. The values in the equation can be
rounded to obtain y = 12.0x + 35.

(Lin Reg
y=ax+b
a=11.99008629 <« slope
b=35.10684781 «—— y-intercept
r2=.9578868934
r=.9787169629 «——— correlation
coefficient

PRECISION Step 3 Enter the equation y = 12.0x + 35 into the calculator. Then plot the data

and graph the equation in the same viewing window.
Be sure to analyze the

data values to select an 100
appropriate viewing
window for your graph. {>
ol Je
50

b. The correlation coefficient is about 0.979. This means that the relationship between
the durations and the times until the next eruption has a strong positive correlation
and the equation closely models the data, as shown in the graph.

c. The slope of the line is 12. This means the time until the next eruption increases by
about 12 minutes for each minute the duration increases. The y-intercept is 35, but
it has no meaning in this context because the duration cannot be 0 minutes.

. o W
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2. Use the data in Monitoring Progress Question 1. (a) Use a graphing calculator to
find an equation of the line of best fit. Then plot the data and graph the equation in
the same viewing window. (b) Identify and interpret the correlation coefficient.

(c) Interpret the slope and y-intercept of the line of best fit.
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STUDY TIP

To approximate or predict
an unknown value, you
can evaluate the model
algebraically or graph the
model with a graphing
calculator and use the
trace feature.

0\X=4.9787234 \Y=94.744681 g4
50

READING

A causal relationship exists
when one variable causes
a change in another
variable.

>

Using a graph or its equation to approximate a value between two known values is
called interpolation. Using a graph or its equation to predict a value outside the
range of known values is called extrapolation. In general, the farther removed a
value is from the known values, the less confidence you can have in the accuracy of
the prediction.

EXAMPLE 4 Interpolating and Extrapolating Data

Refer to Example 3. Use the equation of the line of best fit.

a. Approximate the duration before a time of 77 minutes.

b. Predict the time after an eruption lasting 5.0 minutes.

SOLUTION

a. y=12.0x+35 Write the equation.
77 = 12.0x + 35 Substitute 77 for y.
35=x Solve for x.

P> An eruption lasts about 3.5 minutes before a time of 77 minutes.

b. Use a graphing calculator to graph the equation. Use the frace feature to find the
value of y when x = 5.0, as shown.

P A time of about 95 minutes will follow an eruption of 5.0 minutes.

s N
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3. Refer to Monitoring Progress Question 2. Use the equation of the line of best fit to
predict the attendance at the amusement park in 2017.

Correlation and Causation

When a change in one variable causes a change in another variable, it is called
causation. Causation produces a strong correlation between the two variables. The
converse is not true. In other words, correlation does not imply causation.

EXAMPLE 5 Identifying Correlation and Causation

Tell whether a correlation is likely in the situation. If so, tell whether there is a causal
relationship. Explain your reasoning.

a. time spent exercising and the number of calories burned

b. the number of banks and the population of a city

SOLUTION

a. There is a positive correlation and a causal relationship because the more time you
spend exercising, the more calories you burn.

b. There may be a positive correlation but no causal relationship. Building more banks
will not cause the population to increase.

—_ 3
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4. Is there a correlation between time spent playing video games and grade point
average? If so, is there a causal relationship? Explain your reasoning.
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EXxercises

—Vocabulary and Core Concept Check
1. VOCABULARY When is a residual positive? When is it negative?

2. WRITING Explain how you can use residuals to determine how well a line of fit models a data set.
3. VOCABULARY Compare interpolation and extrapolation.

4. WHICH ONE DOESN'T BELONG? Which correlation coefficient does not belong with the other three?
Explain your reasoning.

r= —0098 r=0.96 r= —0.09 r=0.97

Monitoring Progress and Modeling with Mathematics

In Exercises 5-8, use residuals to determine whether 10. ANALYZING RESIDUALS Month Ticket
the model is a good fit for the data in the table. The table shows the x ! (I
. . 4
Explain. (See Examples I and 2.) approximate numbers y
B 5 (in thousands) of movie 1 27
3. y=dx - tickets sold from January 2 28
4 3 ) ] 0 ) ) | 3 4 to June for a theater. In the 3 36
X~ B B B table, x = 1 represents
—-18| —-13|—-10| =7 | =2 | 0 | 6 | 10 | 15 January. The equation 4 28
y = 1.3x + 27 models the 5 32
6. y=6xt+4 data. Is th'e model a good 6 35
fit? Explain.

vyl 13 1423|2631 |42 45 52 e In Ex?rases 11—.14, use a graphing calculator to.ﬁnd an
equation of the line of best fit for the data. Identify and
interpret the correlation coefficient.

8 6| -4 -2/0]2/46]s3 Moix o1 213 456 7
y 9 105 |8 |-1]1|-4|-12 -7 y| 8| S| —2]-1j-1}j2]5]8
8. y=—-05x—-2 12

4 6 8 | 10 | 12 14 16 | 18 | 20 y| 17 7 8 1 5|22 -8
-1|-3|-6|—-8|—-10|—-10|—-10| =9 | =9

B —15 =10 =5 0 | 5 10 15 20
9. ANALYZING RESIDUALS The table shows the growth
y (in inches) of an elk’s antlers during week x. The y| 4| 2 7 16 | 22 | 30 | 37 | 43
equation y = —0.7x + 6.8 models the data. Is the
model a good fit? Explain. 14.

Week, x 1 2 3 4 5
Growth,y | 6.0 | 55 | 47 | 39 | 33
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ERROR ANALYSIS In Exercises 15 and 16, describe
and correct the error in interpreting the graphing
calculator display.

15.

16.

17.

18.

LinReg
y=ax+b
a=—4.47
b=23.16
r2=,9989451055
r=-—.9994724136

X An equation of the line of best fit
isy=23.16x— 4.47.

X The data have a strong positive
correlation.

MODELING WITH MATHEMATICS The table shows the
total numbers y of people who reported an earthquake
x minutes after it ended. (See Example 3.)

a. Use a graphing Minutes, | People,
calculator to find e y
an equation of the
line of best fit. Then 1 10
plot the data and 2 100
graph the equation 3 400
in the same
viewing window. 4 900

b. Identify and > 1400
interpret the 6 1800
correlation 7 2100
coefficient.

c. Interpret the slope and y-intercept of the line
of best fit.

MODELING WITH MATHEMATICS The table shows
the numbers y of people who volunteer at an animal
shelter on each day x.

Day, x |1l |2 |3 |4 |5]6|7]38
People,y | 9 | 5 |13 |11 |10 |11 |19 |12

a. Use a graphing calculator to find an equation of
the line of best fit. Then plot the data and graph
the equation in the same viewing window.

b. Identify and interpret the correlation coefficient.

c. Interpret the slope and y-intercept of the line of
best fit.

19. MODELING WITH MATHEMATICS The table shows
the mileages x (in thousands of miles) and the selling
prices y (in thousands of dollars) of several used
automobiles of the same year and model.

(See Example 4.)

Mileage, x | 22 | 14 | 18 | 30 8 24
Price, y 16 | 17 | 17 | 14 | 18 | 15

a. Use a graphing calculator to find an equation of
the line of best fit.

b. Identify and interpret
the correlation
coefficient.

c. Interpret the slope
and y-intercept of
the line of best fit.

d. Approximate the mileage of an automobile that
costs $15,500.

e. Predict the price of an automobile with 6000 miles.

20. MODELING WITH MATHEMATICS The table shows the
lengths x and costs y of several sailboats.

a. Use a graphing Cost
calculator to find an Length
. . (thousands
equation of the line (feet), o allEra)
of best fit. X y !
b. Identify and interpret 27 94
the correlation
coefficient. 18 56
c. Interpret the slope 25 38
and y-intercept of the 32 123
line of best fit. 18 60
d. Approximate the cost 26 87
of a sailboat that is 36 145

20 feet long.

e. Predict the length of a sailboat that costs
$147,000.

In Exercises 21-24, tell whether a correlation is likely

in the situation. If so, tell whether there is a causal
relationship. Explain your reasoning. (See Example 5.)

21. the amount of time spent talking on a cell phone and
the remaining battery life

22. the height of a toddler and the size of the toddler’s
vocabulary

23. the number of hats you own and the size of your head

24. the weight of a dog and the length of its tail

Section 4.5 Analyzing Lines of Fit 207



25.

26.

27.

OPEN-ENDED Describe a data set that has a strong
correlation but does not have a causal relationship.

HOW DO YOU SEE IT? Match each graph with its
correlation coefficient. Explain your reasoning.

a. 16 b. e
/ e
—5|— / """ 5 1 9
~ | NI
-4 -2
c. 5 d. 10
ol L 2_25....;/...25
E ="
r=0 B. r=0.098

C. r=-097 D. r=0.69

ANALYZING RELATIONSHIPS The table shows the

grade point averages y of several students and the

numbers x of hours they spend watching television
each week.

a. Usle algraphh;ig d Hours, | Grade point
calculator to find an X average, y
equation of the line
of best fit. Identify 10 3.0
and interpret the 5 34
correlation coefficient. 35

b. Interpret the slope and

. . 12 2.7
y-intercept of the line
of best fit. 20 2.1

¢. Another student 15 2.8
watches about 3.0
14 hours of 37
television each week.
Approximate the 16 2.5
student’s grade
point average.

d. Do you think there is a causal relationship

between time spent watching television and grade
point average? Explain.

28.

29.

30.

31.

MAKING AN ARGUMENT A student spends 2 hours
watching television each week and has a grade

point average of 2.4. Your friend says including this
information in the data set in Exercise 27 will weaken
the correlation. Is your friend correct? Explain.

USING MODELS Refer to Exercise 17.

a. Predict the total numbers of people who reported
an earthquake 9 minutes and 15 minutes after

it ended.

The table shows the actual data. Describe the
accuracy of your extrapolations in part (a).

9
2750

15
3200

Minutes, x

People, y

THOUGHT PROVOKING A data set consists of the
numbers x of people at Beach 1 and the numbers y of
people at Beach 2 recorded daily for 1 week. Sketch
a possible graph of the data set. Describe the situation
shown in the graph and give a possible correlation
coefficient. Determine whether there is a causal
relationship. Explain.

COMPARING METHODS The table shows the numbers
y (in billions) of text messages sent each year in a
five-year period, where x = 1 represents the first year
in the five-year period.

Year, x 1

2 3 4 5

Text messages
(billions), y

241 | 601 | 1360 | 1806 | 2206

a. Use a graphing calculator to find an equation
of the line of best fit. Identify and interpret the

correlation coefficient.

Is there a causal relationship? Explain
your reasoning.

Calculate the residuals. Then make a scatter plot
of the residuals and interpret the results.

Compare the methods you used in parts (a) and
(c) to determine whether the model is a good fit.
Which method do you prefer? Explain.

—— Mainfaining Mathema'ﬁcal PrOficiency Reviewing what you learned in previous grades and lessons

Determine whether the table represents a linear or nonlinear function. Explain. (Section 3.2)
32. 5 6 7 8 33. x| 2 4 6 8
y| -4 4 —4 4 13 8 3 -2
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c COMMON
g CORE
Learning Standards
HSF-IF.A.3
HSF-BF.A.1a
HSF-BF.A.2
HSF-LE.A.2

LOOKING FOR
A PATTERN

To be proficient in math,
you need to look closely
to discern patterns

_ and structure.

>

Arithmetic Sequences

Essential Quegﬂon How can you use an arithmetic sequence to

describe a pattern?

An arithmetic sequence is an ordered list of numbers in which the difference
between each pair of consecutive terms, or numbers in the list, is the same.

EXPLORATION 1 Describing a Patter

n

Work with a partner. Use the figures to complete the table. Plot the points given
by your completed table. Describe the pattern of the y-values.

a. n=1 n=2 n=3 n=4 n=>5 YA
60
* K K K o Ko 50
* 7 kR Kkx w
* 30
20
Number of stars, n 1 2 3 4 5 10
0 >
Number of sides, y 0123 45n
b. n=1 n=2 n=3 n=4 YA
6
O ;
4
3
n 1 2 3 4 5 2
1
Number of circles, y 0 >
0 12 3 4 5n
c. n=1 n=2 n= =4 n= YA
) ) ) ) oo "
) ) ) oo °
) ) ) 8
) ) 6
) 4
2
Number of rows, n 1 2 3 4 5 00 1T 2 3 4 505
Number of dots, y

Communicate Your Answer

2. How can you use an arithmetic sequence to describe a pattern? Give an example

from real life.

3. In chemistry, water is called H,O because each molecule of water has two
hydrogen atoms and one oxygen atom. Describe the pattern shown below.
Use the pattern to determine the number of atoms in 23 molecules.

n=2 n=3

@ oo @
o« Yo

Section 4.6

n=1

x
Qe

4

n=5

¢
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ool
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4.6 Lesson What You Will Learn

P Write the terms of arithmetic sequences.
P Graph arithmetic sequences.

COI’G Vocabulary P Write arithmetic sequences as functions.
ig?n‘jezc‘; i 210 Writing the Terms of Arithmetic Sequences

A sequence is an ordered list of numbers. Each number in a sequence is called a term.
Each term a,, has a specific position n in the sequence.

5, 10, 15, 20, 25,...,qa, ...

arithmetic sequence, p. 210
common difference, p. 270

Previous T T
int-sl f i
fﬂ:ﬁéfﬂit;{i?ﬂ (1 st position) LBrd positionj -nth position
G Core Concept

Arithmetic Sequence

In an arithmetic sequence, the difference between each pair of consecutive terms
is the same. This difference is called the common difference. Each term is found
by adding the common difference to the previous term.

5, 10, 15, 20,... Terms of an arithmetic sequence

( {> NSNS \{_(common differenceJ

READING +5 45 +5

An ellipsis (. . .) is a series \_
of dots that indicates

an intentional omission . . .
of information. In FCVILIRR N Extending an Arithmetic Sequence

mathematics, the . ..
notation means “and so

Write the next three terms of the arithmetic sequence.

forth.” The ellipsis indicates —7,—14, =21, =28, . ..
that there are more terms
in the sequence that are SOLUTION

- not shown. .
Use a table to organize the terms and find the pattern.

Position 1 2 3 4

Term -7 | =14 | =21 | =28 Each term is 7 less than
AN AN the previous term. So, the
+(=7) +(=7) +(=7) common difference is —7.

Add —7 to a term to find the next term.

Position 1 2 3 4 5 6 7
Term -7 | =14 | =21 | =28 | =35 | —42 | —49

+H=7) +(=7) +(=7)

P The next three terms are —35, —42, and —49.

. o W
Momformg Progregg ‘»’ Help in English and Spanish at BigldeasMath.com

Write the next three terms of the arithmetic sequence.

1. —12,0,12,24, . .. 2. 02,06,1,14, ... 3. 4,3%,3%,3%,...

210 Chapter 4 Writing Linear Functions



ank
16
14
12
10 e(4,11)
8
7
6 n(3T )
4 (2, 4)
2
0 (1,2) =
01234656 7n

Graphing Arithmetic Sequences

To graph a sequence, let a term’s position number 7 in the sequence be the x-value.
The term a,, is the corresponding y-value. Plot the ordered pairs (n, a,,).

EXAMPLE 2 Graphing an Arithmetic Sequence

Graph the arithmetic sequence 4, 8, 12, 16, . . .. What do you notice?

SOLUTION

Make a table. Then plot the ordered pairs (n, a,,).

an
Position,n | Term, a, 16“ ||
(4, 16)
1 4 14 |
12
2 8 10 (3, 12)
3 12
ERCE)
4 16 6
4
o 1.4
P> The points lie on a line. 0

0123456 7n

EXAMPLE 3 Identifying an Arithmetic Sequence from a Graph

Does the graph represent an anj ‘ ‘
arithmetic sequence? Explain. 16 o(1, 15)
14 f
\
12 (2 12‘)
12 (3 9)‘
6 (4, 6)
SOLUTION 4
2
Make a table to organize the ordered pairs. 0

Then determine whether there is a
common difference.

Position, n 1 2 3 4

Term, a,, 15 12 9 6 Each term is 3 less than
AW A, the previous term. So, the
+(=3) +(=3) +(-3) common difference is —3.

P Consecutive terms have a common difference of —3. So, the graph represents the
arithmetic sequence 15, 12,9, 6, . . ..

T N
Monltormg Pr'ogl"ess ‘)'V Help in English and Spanish at BigldeasMath.com
Graph the arithmetic sequence. What do you notice?
4. 3,6,9,12,... 5.4,2,0,-2,... 6. 1,0.8,0.6,04, ...

7. Does the graph shown represent an arithmetic sequence? Explain.
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ANOTHER WAY

a linear function whose
domain is the set of

(1, a;) as a point on the

equation in point-slope

form for the function is
a,—a,;=d(n—-1).

This equation can be
rewritten as

a,=a; +(n—1)d.

An arithmetic sequence is

positive integers. You can
think of d as the slope and

graph of the function. An

Writing Arithmetic Sequences as Functions

Because consecutive terms of an arithmetic sequence have a common difference, the
sequence has a constant rate of change. So, the points represented by any arithmetic
sequence lie on a line. You can use the first term and the common difference to write a
linear function that describes an arithmetic sequence. Let a; = 4 and d = 3.

Position, n Term, a,, Written using a, and d Numbers
1 first term, a, a 4
2 second term, a, a +d 4+3=7
3 third term, a; a, +2d 4+23)=10
4 fourth term, a, a, +3d 4+33)=13
n nth term, a, a,+ (n—1)d 4+ (n— 103

C) Core Concept

STUDY TIP

Notice that the equation
in Example 4 is of the
form y = mx + b, where
yis replaced by a,, and x
is replaced by n.

>

212 Chapter 4

>

Equation for an Arithmetic Sequence

Let a,, be the nth term of an arithmetic sequence with first term a; and common
difference d. The nth term is given by

a,=a; +(n— ld.

EXAMPLE 4 Finding the nth Term of an Arithmetic Sequence

Write an equation for the nth term of the arithmetic sequence 14, 11,8, 5, . . ..
Then find as,.

SOLUTION

The first term is 14, and the common difference is —3.
a,=a; +mn—1)d Equation for an arithmetic sequence
a,=14+ (n — 1)(—3) Substitute 14 for a, and —3 for d.
a,= —3n+ 17 Simplify.

Use the equation to find the 50th term.
a,= —3n+17
asop = —3(50) + 17
=—133

Write the equation.
Substitute 50 for n.
Simplify.

P The 50th term of the arithmetic sequence is —133.

Monitori"g Progregg ‘D\/ Help in English and Spanish at BigldeasMath.com
Write an equation for the nth term of the arithmetic sequence. Then find a,s.
8.4,56,7,...
9. 8,16,24,32, ...
10. 1,0, -1, —2,...

Writing Linear Functions



REMEMBER

The domain is the set of

positive integers.

Games Total cost
1 $7
2 $9
3 $11
4 $13

>

You can rewrite the equation for an arithmetic sequence with first term a, and common

difference d in function notation by replacing a, with f(n).

fm)y=a, +(n— 1)d

The domain of the function is the set of positive integers.

EXAMPLE 5 Writing Real-Life Functions

Online bidding for a purse
increases by $5 for each bid
after the $60 initial bid.

a. Write a function that represents the arithmetic sequence.

b. Graph the function.

c. The winning bid is $105. How many bids were there?

SOLUTION

a. The first term is 60, and the common difference is 5.
fm)y=a, +m— 1d
f(n) =60+ (n—1)5
f(n) = 5n + 55

P> The function f(n) = 5n + 55 represents the arithmetic sequence.

b. Make a table. Then plot the ordered pairs (n, a,,).

Bid Bid
number, n | amount, a,
1 60
2 65
3 70
4 75

c. Use the function to find the
value of n for which f(n) = 105.

fn) =5n+55
105 = 5n + 55
10=n

P> There were 10 bids.

Bid number 2 3 4
Bid amount | $60 | $65 | $70 | $75
Function for an arithmetic sequence
Substitute 60 for a, and 5 for d.
Simplify.
Bidding on a Purse
v anp
& 80
§ 75 (4, 75)
w 70 (3, 70)
c |
3 65 (2, 65)
€ 60| (1, 60)
©
5 55 ‘
&8 >
0123 456n
Bid number
Write the function.

Substitute 105 for f(n).

Solve for n.

—_ 3
Monltormg Progregg ‘v/ Help in English and Spanish at BigldeasMath.com

11. A carnival charges $2 for each game after you pay a $5 entry fee.

a. Write a function that represents the arithmetic sequence.

b. Graph the function.

¢. How many games can you play when you take $29 to the carnival?

Section 4.6
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EXxercises

—Vocabulary and Core Concept Check
1. WRITING Describe the graph of an arithmetic sequence.

2. DIFFERENT WORDS, SAME QUESTION Consider the arithmetic sequence
represented by the graph. Which is different? Find “both” answers.

anp [ ]
21 T T
. . . . 18 ®(5, 19)
Find the slope of Find the difference between consecutive 15 o(4, 16)_|
the linear function. terms of the arithmetic sequence. 12 *(3, 13)
9 (2, 10)
Find the difference between Find the common difference g
the terms a, and ay. of the arithmetic sequence. 0

>
n

01234567

Monitoring Progress and Modeling with Mathematics

In Exercises 3 and 4, write the next three terms of the In Exercises 23-26, determine whether the graph
arithmetic sequence. represents an arithmetic sequence. Explain.
. (See Example 3.)
3. Firstterm: 2
Common difference: 13 23. anj 24. SaA [T 1]
7 (4, 26)
4. First term: 18 5H1Q, 4) (4, 4 20 (3, 19)
Common difference: —6 4 3 16 i
3 12 (%, 12)
In Exercises 5-10, find the common difference of the f (1,116, 1) Z | e(1,5) | | | |
arithmetic sequence. 0 T [ | > 0 | | >
0123456 7n 0123456 7n
5. 13,18,23,28,... 6. 175,150, 125, 100, . ..
25. 2nA P 26. an) [ ]
7. —16,—12,-8,—4,. .. 8. 432313 7o) e (1,70 2 *(4, 20)
=0 (2, 5‘5) 15 o(3, 16)
9. 6.5,5,35,2,... 10. —16,-7,2,11,... 40 (3, 4‘0) 12 5 110
[ ]
;g o(4, 25) 9 ( i )
In Exercises 11-16, write the next three terms of the 10 g Rl
arithmetic sequence. (See Example 1.) 0 5 0 o(1,2) _
0123456 7n 0123456 7n
1. 19,22,25,28, ... 12, 1,12,23,34,...
In Exercises 27-30, determine whether the sequence is
13. 16,21,26,31,... 14. 60, 30,0, =30, ... arithmetic. If so, find the common difference.
15. 13,1,0.7,04, ... 16. %, % %, %, o 27. 13,26,39,52,... 28. 5,9, 14,20, ...
In Exercises 17-22, graph the arithmetic sequence. 29. 48,24,12,6,... 30. 87,81,75,69,...
(See Example 2.)
31. FINDING A PATTERN Write a sequence that
17. 4,12,20,28,. .. 18. —15,0,15,30,... represents the number of smiley faces
in each group. Is the sequence
19. -1,-3,-5,-7,... 20. 2,19,36,53,... ©O

arithmetic? Explain. @ @

QO
21. 0,45,0,13L .. 22, 6,525,45,375,... ©0 ©O0 0O
OO0 ©O© 0O

©OOOO
©OOOO
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32. FINDING A PATTERN Write a sequence that represents REPEATED REASONING In Exercises 43 and 44, (a) draw
the sum of the numbers in each roll. Is the sequence the next three figures in the sequence and (b) describe
arithmetic? Explain. the 20th figure in the sequence.

Roll 1 Roll 2 Roll 3 Roll 4 43. /\ m
) @ @

In Exercises 33—-38, write an equation for the nth
term of the arithmetic sequence. Then find a,.

(See Example 4.) 45. MODELING WITH MATHEMATICS The total number of
33. —5,—4,—3,—-2,... 34. —6,—9,—12, —15,... babies born in a country each minute after midnight
January 1st can be estimated by the sequence shown
35. .1.13,2,... 36. 100, 110, 120, 130, . . . in the table. (See Example 5.)
3456 i idni
37. 10,0,-10,-20,... 38. 2,222 .. Minutes after midnight . | , | o =,
January 1st
39. ERROR ANALYSIS Describe and correct the Total babies born 5 10 | 15 | 20
error in finding the common difference of the
arithmetic sequence. a. Write a function that represents the
arithmetic sequence.
X 2, 1, O, -1,... b. Graph the function.
\f \1/4 \/1‘ c. Estimate how many minutes after midnight

January Ist it takes for 100 babies to be born.

The common difference is 1.

46. MODELING WITH MATHEMATICS The amount of
money a movie earns each week after its release can

40. ERROR ANALYSIS Describe and correct the error . .
be approximated by the sequence shown in the graph.

in writing an equation for the nth term of the

arithmetic sequence. - -
Movie Earnings
= 9k [
X 14,22,30,38, ... 2 sof L0506
a,=a,; +nd w S 50 (2, 48)
7 22 40 3, 40)
a,= 14+ 8n €9, o |
5 g % (4, 32)
“o 20 i
41. NUMBER SENSE The first term of an arithmetic E 12 _
sequence is 3. The common difference of the 01234 5n
sequence is 1.5 times the first term. Write the next Week
three terms of the sequence. Then graph the sequence.
42. NUMBER SENSE The first row of a dominoes display a. Write a function that represents the
has 10 dominoes. Each row after the first has two arithmetic sequence.
more dominoes than the row before it. Write the first b. In what week does the movie earn $16 million?

five terms of the sequence that represents the number
of dominoes in each row. Then graph the sequence.

¢. How much money does the movie earn overall?
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MATHEMATICAL CONNECTIONS In Exercises 47 and 48, 53. REPEATED REASONING Firewood is stacked in a pile.
each small square represents 1 square inch. Determine
whether the areas of the figures form an arithmetic

sequence. If so, write a function f that represents the above it. How many logs are in the pile?
arithmetic sequence and find f(30).

47.

48.

49,

50.

51.

52.

The bottom row has 20 logs, and the top row has
14 logs. Each row has one more log than the row

[ | 54. HOW DO YOU SEE IT? The bar graph shows the costs
| | of advertising in a magazine.
|:| l l l l l l Magazine Advertisement
— — 70,000
|| = 60,000
& 50,000 ]
S 40,000
E 30,000
‘g 20,000 - - -
O 10,000
0
1 2 3 4
Size of advertisement (pages)

a. Does the graph represent an arithmetic sequence?

REASONING Is the domain of an arithmetic sequence Explain.
discrete or continuous? Is the range of an arithmetic
sequence discrete or continuous? . . . .

six-page advertisement in the magazine.
MAKING AN ARGUMENT Your friend says that the

range of a function that represents an arithmetic . .
& P 55. REASONING Write a function f

b. Explain how you would estimate the cost of a

sequence always contains only positive numbers or . .
. . . .. that represents the arithmetic
only negative numbers. Your friend claims this is . 4
. e sequence shown in the
true because the domain is the set of positive integers . . 12
mapping diagram.

and the output values either constantly increase or
constantly decrease. Is your friend correct? Explain.

OPEN-ENDED Write the first four terms of two
different arithmetic sequences with a common
difference of —3. Write an equation for the nth
term of each sequence.

the train?

57. ABSTRACT REASONING Let x be a constant.

Determine whether each sequence is an arithmetic

THOUGHT PROVOKING Describe an arithmetic sequence. Explain.
sequence that models the numbers of people in a
real-life situation. a x+6,3x+6,5x+6,7x+6,...

b. x+1,3x+1,9%+1,27x+ 1, ...

(— Maintaining Mathemafical PrOfiCiency Reviewing what you learned in previous grades and lessons

Solve the inequality. Graph the solution. (Section 2.2)
58. x+8>-9 59. 15<b—4 60. r—21<—12 61. 7+y<3

Graph the function. Compare the graph to the graph of f(x) = |x|. Describe the domain and
range. (Section 3.7)

62. h(x) = 3|x| 63. v(x) = |x — 5|

64. gx) = x| +1 65. r(x) = —2|x|
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56. PROBLEM SOLVING A train stops at a station every
12 minutes starting at 6:00 A.M. You arrive at the
station at 7:29 A.m. How long must you wait for




Piecewise Functions

Essential Quegﬂon How can you describe a function that is

‘ CoOMMON represented by more than one equation?
g CORE
Learning Standards S ilel:vNl[el/BN Writing Equations for a Function
HSA-CED.A.2
HSA-REL.D.10 Work with a partner.
HSF-IF.C.7b .
a. Does the graph represent y as a function Ay
) of x? Justify your conclusion. 6
CONSTRUCTING b. What is the value of the function when 4
VIABLE x =07 How can you tell? , -
ARGUMENTS c. Write an equation that represents the values
To be proficient in math, of the function when x < 0. -1 = > 4 ox
you negd to justify your f) = ifx <0 1
conclusions and
communicate them d. Write an equation that represents the values f‘4
—to others. of the function when x > 0. i
-6
fx) = Lifx >0 Y
e. Combine the results of parts (c) and (d) to write a single description of the function.
,ifx <0
f) = .
,ifx >0

EXPLORATION 2 Writing Equations for a Function

Work with a partner.

a. Does the graph represent y as a function Ay
of x? Justify your conclusion. 6
b. Describe the values of the function for the 4 >
following intervals. 5
,if =6 <x < —3 < >
f-3<x<0 -6 -4 -2 2 4| 6x
= -2
f@ Lif0<x<3 ] |
,if3<x<6 T4
-6
°y
Communicate Your Answer
AY
6

3. How can you describe a function
that is represented by more than 4
one equation?

2
4. Use two equations to describe B N
the function represented by -6 |-4 -2 2 | 4| 6x
the graph. T 2
4
-6

A
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What You Will Learn

P Evaluate piecewise functions.

P Graph and write piecewise functions.
P Graph and write step functions.

P Write absolute value functions.

Core Vocabulary

piecewise function, p. 218

tep function, p. 220 : i i i
step function, p Evaluating Piecewise Functions

Previous

absolute value function
erexfom G) Core Concept

vertex . . .
Piecewise Function

A piecewise function is a function defined by two or more equations. Each
“piece” of the function applies to a different part of its domain. An example is
shown below. y
x—2, ifx<0 4
S = {Zx +1, ifx>0

® The expression x — 2 represents 2
the value of f when x is less than f(x)‘: 2X ‘+ 1. x> O]
or equal to 0. < > A x

® The expression 2x + 1 [f(x) =x—-2,x<0
represents the value of f when \

x is greater than 0. %_4
\_
AN  Evaluating a Piecewise Function

Evaluate the function f above when (a) x = 0 and (b) x = 4.

SOLUTION

a. fx)y=x-—2 Because 0 < 0, use the first equation.
fO)=0-2 Substitute 0 for x.
f(0)= -2 Simplify.

P The value of fis —2 when x = 0.

b. f(x) =2x+ 1 Because 4 > 0, use the second equation.
f@ =24 +1 Substitute 4 for x.
fdH=9 Simplify.

P The value of fis 9 when x = 4.

. o W
Momforlng Progress 4»’ Help in English and Spanish at BigldeasMath.com

Evaluate the function.

3, ifx < =2 1. f(—8) 2. f(~2)
—1x+2, if-2<x<5
T Zx, fxos 3. J(0) 4.13)
5. f(5) 6. f(10)
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Graphing and Writing Piecewise Functions

EXAMPLE 2 Graphing a Piecewise Function

Graphy = * ’ %fx < 0. Describe the domain and range.
X, ifx>0
SOLUTION
Step 1 Graphy = —x — 4 for x < 0. Because P Vd
x is not equal to 0, use an open circle /
at (0, —4). 2
Step 2 Graph y = x for x > 0. Because x is y=Xx
greater than or equal to 0, use a closed - N 2 2‘ §
circle at (0, 0).
\N‘Z
P The domain is all real numbers. 7

The range is y > —4.

[y——x—4,x<LO%

. N
MO"ITOI’I"Q Progress *)}/ Help in English and Spanish at BigldeasMath.com

Graph the function. Describe the domain and range.
_[x+1, ifx<0 C[x—2, ifx<O
7. y= . 8. y= .
—X, ifx >0 4x, ifx >0

EXAMPLE 3 Writing a Piecewise Function

. . . . ky
Write a piecewise function for the graph. 4

SOLUTION

Each “piece” of the function is linear.

Left Piece When x < 0, the graph is the line 37 =

xY

2
givenby y = x + 3. L,
Right Piece When x > 0, the graph is the line
givenby y = 2x — 1. —4

P> So, a piecewise function for the graph is

x+3, ifx<0

o) = {2x —1, ifx20

o . N
MO"ITOI’I"Q Progress *)}/ Help in English and Spanish at BigldeasMath.com

Write a piecewise function for the graph.

9. Ay 10. AY
4
3
2
]
YR 7 ax —4 -2 2 | ax
-2 -2
\ |y

Section 4.7 Piecewise Functions
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Graphing and Writing Step Functions

A step function is a piecewise function defined by a constant value over each part of

STUDY TIP its domain. The graph of a step function consists of a series of line segments.
The graph of a step y
function looks like A J)— 2, }fO <x<?2
a staircase. {> 6 3, if2<x<4
_ 4, if4<x<6
4 =15 if6<x<s
5 6, if8<x<10
7, if10<x< 12
0 >

0 2 4 6 8 0 1

N
x

FONUILRIN Graphing and Writing a Step Function

You rent a karaoke machine for 5 days. The rental company charges $50 for the first
day and $25 for each additional day. Write and graph a step function that represents
the relationship between the number x of days and the total cost y (in dollars) of
renting the karaoke machine.

SOLUTION

Step 1 Use a table to organize Step 2 Write the step function.
the information.

50, if0<x<1

Number Total cost 75, ifl<x<2
of days (dollars) f) =1{100, if2<x<3
0<x<1 50 125, if3<x<4
l<x<?2 75 150, if4<x<5
2<x<3 100

3<x<4 125
4<x<5 150

Step 3 Graph the step function.

Karaoke Machine Rental

YA
175

150
125
100
75—«
50
25
0

Total cost (dollars)

0123 4 5x
Number of days

o . N
Momtormg Progress *’}/ Help in English and Spanish at BigldeasMath.com

11. A landscaper rents a wood chipper for 4 days. The rental company charges
$100 for the first day and $50 for each additional day. Write and graph a step
function that represents the relationship between the number x of days and the
total cost y (in dollars) of renting the chipper.
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REMEMBER

The vertex form of an
absolute value function is

a # 0. The vertex of the
- graph of g is (h, k).

STUDY TIP
Recall that the graph of

is symmetric about the
line x = h. So, it makes
sense that the piecewise
definition “splits” the
function at x = 5.

>

g(x) = a|x — h| + k, where

an absolute value function

>

Writing Absolute Value Functions

The absolute value function f(x) = |x| can be written as a piecewise function.

(% ifx<0
f@ {x, ifx>0

Similarly, the vertex form of an absolute value function g(x) = a|x — h| + k can be
written as a piecewise function.

= [ Mk ifx—h <0
& ax—h)y+k  iftx—h=0
FONILRIN  Writing an Absolute Value Function
In holography, light from a laser beam is 7 ‘ ‘ ‘ G 8) ]
split into two beams, a reference beam and 8 — m""oﬂ#
an object beam. Light from the object beam - szaer;e”ce - szaer;e”ce*
reflects off an object and is recombined 6 i / object \ !
with the reference beam to form images | beam /() ()
splitter / p. 3 /
on film that can be used to create 4 P <
three-dimensional images. /‘ N
. . 21— object ™Ng
a. Write an absolute value function that / beam
represents the path of the reference beam. (0, 0) | NN
b. Write the function in part (a) as a / laser 2 4 6 8 X

piecewise function.

SOLUTION

a. The vertex of the path of the reference beam is (5, 8). So, the function has the
form g(x) = a|x — 5| + 8. Substitute the coordinates of the point (0, 0) into
the equation and solve for a.

gx) =alx—5|+8 Vertex form of the function
0=al0—-5|+8 Substitute 0 for x and 0 for g(x).
—-1.6=a Solve for a.

P> So, the function g(x) = —1.6|x — 5| + 8 represents the path of the
reference beam.

b. Write g(x) = —1.6|x — 5| + 8 as a piecewise function.
) = —Lo[—(x = 5] +8, ifx-5<0
T 166 -5 +8,  ifx—520

Simplify each expression and solve the inequalities.

P> So, a piecewise function for g(x) = —1.6|x — 5| + 8 is

o(x) = {1-636, ifx<5
—16x+ 16, ifx=5

Monitori"g Progregs ‘)\7} Help in English and Spanish at BigldeasMath.com

12. WHAT IF? The reference beam originates at (3, 0) and reflects off a mirror
at (5, 4).

a. Write an absolute value function that represents the path of the
reference beam.

b. Write the function in part (a) as a piecewise function.
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EXxercises

Vocabulary and Gore Concept Check

1. VOCABULARY Compare piecewise functions and step functions.

2. WRITING Use a graph to explain why you can write the absolute value function y = |x| as

a piecewise function.

Monitoring Progress and Modeling with Mathematics

In Exercises 3—12, evaluate the function. (See Example 1.)

1.

13.

14.

222

C[5x—1, ifx< =2
f(x)_{x+3, ifx> -2
—x+4, ifx<—1
g(x)=[3, if—1<x<?
2x— 35, ifx=2
f(=3) 4. f(=2)
f(0) 6. f(5)
g(—=4) 8. g(—1)
g(0) 10. g(D)
2(2) 12. g(5)

MODELING WITH MATHEMATICS On a trip, the total
distance (in miles) you travel in x hours is represented
by the piecewise function

55x,
65x — 20,

if0<x<2
if2<x<5

How far do you travel in 4 hours?

dx) = {

MODELING WITH MATHEMATICS The total cost
(in dollars) of ordering x custom shirts is represented
by the piecewise function

17x + 20, if0 <x<25
c(x) = {15.80x + 20, if25 < x < 50.
14x + 20, if x 2 50

Determine the total cost of ordering 26 shirts.

Price/Shi
51700
5159
51400

Chapter 4

Writing Linear Functions

In Exercises 15-20, graph the function. Describe the
domain and range. (See Example 2.)

16.

17.

18.

19.

20.

21.

22.

_ {—x, ifx<2
YT k-6, ifx>2
_ 2x, ifx < -3
Y7 -2k, ifx> -3
_ —3x—2, ifx< -1
YTl ifxs> -1
_ x+8, ifx<4
Y7 lax -4, ifx>4
1, ifx < =3
y=4x—1, if—3<x<3
—2x+4, ifx>3
2x+ 1, ifx<—1
y=4—x+2, if-1<x<?2
-3, ifx>2
ERROR ANALYSIS Describe and correct the error in

' 2x — 3, i
finding f(5) when f(x) = {xx-{- 8 gi : g
X f(5)=2(5)— 3

=7

ERROR ANALYSIS Describe and correct the error in

I
graphmnsy =1 ifx>—2
X
S 4
2
f5 =3 =1 T(
[ [T Ty




In Exercises 23-30, write a piecewise function for the

graph. (See Example 3.)

23. 3Ay 24, Ay
> 2\
1 \
- 3'x -2 2 x
SN
3 <€
Ty Y
25. [ Ay 6. | Ay
! N -4 [-2 ~2x
2 4] 6x -
—4
\
»
Y Ty
27. y 28. Ay
8y
< 2
Dl 3
-2 2 X -< >
-2 T~ 4x
11,
TL\"V Y g
29. 11\}/ 30. Ay
< > 4
-4 |-2 L X|
-2 2
}
I - 2 [ 4 [x
T Y y .o

In Exercises 31-34, graph the step function. Describe
the domain and range.

3, if0<x<?2
, if2<x<4
if4<x<6
, if6<x<8

31, f(x) =

NN

—4, ifl<x<2
-6, if2<x<3
-8, if3<x<4
—10, if4<x<5

32. f(x) =

9, ifl <x<2
3. f) = g, if2<x<4
1

, if4d<x<9
, f9<x<12

=2, if-6<x< -5
-1, if-5<x< -3
0, if-3<x< -2
1, if—2<x<0

34. fx) =

35.

36.

MODELING WITH MATHEMATICS The cost to join an
intramural sports league is $180 per team and includes
the first five team members. For each additional team
member, there is a $30 fee. You plan to have nine
people on your team. Write and graph a step function
that represents the relationship between the number

p of people on your team and the total cost of joining
the league. (See Example 4.)

MODELING WITH MATHEMATICS The rates for a
parking garage are shown. Write and graph a step
function that represents the relationship between the
number x of hours a car is parked in the garage and
the total cost of parking in the garage for 1 day.

Daily Parking Garage
Rates
$4 per hour
$15 daily maximum

In Exercises 37-46, write the absolute value function as
a piecewise function.

37.

39.

41.

43,

45.

47.

y=|x|+1 38. y=|x|]-3
y=|x—2| 40. y=|x+5|
y=2|x + 3] 42, y=4|x—1]|

y = —5|x — 8| 44. y = —3|x + 6|
y=—|x—3]+2 46. y="x+1| -5

MODELING WITH MATHEMATICS You are sitting

on a boat on a lake. You can get a sunburn from

the sunlight that hits you directly and also from the
sunlight that reflects off the water. (See Example 5.)

a. Write an absolute value function that represents
the path of the sunlight that reflects off the water.

b. Write the function in part (a) as a piecewise
function.
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48. MODELING WITH MATHEMATICS You are trying to
make a hole in one on the miniature golf green.

\Y

a. Write an absolute value function that represents
the path of the golf ball.

b. Write the function in part (a) as a piecewise

function.

49. REASONING The piecewise function f consists of two
linear “pieces.” The graph of fis shown.

AY

4

2

£

xY

z | 4
Yy

a. What is the value of f(—10)?

b. What is the value of f(8)?
50. CRITICAL THINKING Describe how the graph of each
piecewise function changes when < is replaced with
< and 2 is replaced with >. Do the domain and range
change? Explain.

_[x+2, ifx<?2
a. fix) {—x—l, ifx>2
%x-f—%, ifx<1

b. flx) =
—x+3, ifx=>1

51. USING STRUCTURE Graph

—x + 2,
y:

|x].
Describe the domain and range.

ifx< -2
ifx > =2

— Maintaining Mathematical Proficiency

52. HOW DO YOU SEE IT? The graph shows the total cost
C of making x photocopies at a copy shop.

Making Photocopies
2 «f /
wv 1
8 35 i
© 30 /]
S 2 //
Y 15 /'
g 10
= 5 -
0(,/ >
0 100 200 300 400 500 x
Number of copies

Does it cost more money to make 100 photocopies
or 101 photocopies? Explain.

You have $40 to make photocopies. Can you buy
more than 500 photocopies? Explain.

53. USING STRUCTURE The output y of the greatest
integer function is the greatest integer less than or
equal to the input value x. This function is written as
f(x) = [x]. Graph the function for —4 < x < 4. Isita

piecewise function? a step function? Explain.

54. THOUGHT PROVOKING Explain why

_[2x—2, ifx<3
=3}, ifx>3

does not represent a function. How can you redefine y
so that it does represent a function?

55. MAKING AN ARGUMENT During a 9-hour snowstorm,
it snows at a rate of 1 inch per hour for the first
2 hours, 2 inches per hour for the next 6 hours, and

1 inch per hour for the final hour.

a. Write and graph a piecewise function that
represents the depth of the snow during the

snowstorm.

Your friend says 12 inches of snow accumulated
during the storm. Is your friend correct? Explain.

Reviewing what you learned in previous grades and lessons

Write the sentence as an inequality. Graph the inequality.

56. A number r is greater than —12 and

no more than 13. to

58. f(x) =x; h(x) =4x+ 3

57. A number ¢ is less than or equal

Graph f and k. Describe the transformations from the graph of f to the graph of .
59. f(x) =x;h(x)=—x—8

-

(Section 2.5)

4 or no less than 18.

(Section 3.6)

60. f(x) = x; h(x) = —3x + 5
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4.4-4.7 What Did You Learn?

Core Vocabulary

scatter plot, p. 196 correlation coefficient, p. 203 term, p. 210

correlation, p. 197 interpolation, p. 205 arithmetic sequence, p. 210
line of fit, p. 198 extrapolation, p. 205 common difference, p. 210
residual, p. 202 causation, p. 205 piecewise function, p. 218
linear regression, p. 203 sequence, p. 210 step function, p. 220

line of best fit, p. 203

Core Concepts

Section 4.4

Scatter Plot, p. 196 Using a Line of Fit to Model Data, p. 198
Identifying Correlations, p. 197

Section 4.5

Residuals, p. 202 Correlation and Causation, p. 205
Lines of Best Fit, p. 203

Section 4.6

Arithmetic Sequence, p. 210 Equation for an Arithmetic Sequence, p. 212
Section 4.7
Piecewise Function, p. 218 Writing Absolute Value Functions, p. 221

Step Function, p. 220

Mathematical Practices

1. What resources can you use to help you answer Exercise 17 on page 200?

2. What calculations are repeated in Exercises 11-16 on page 214? When finding a term such as
asy, 1s there a general method or shortcut you can use instead of repeating calculations?

3. Describe the definitions you used when you explained your answer in Exercise 53 on page 224.

With so many ways to represent a linear relationship, where
do you start? Use what you know to move between
equations, graphs, tables, and contexts.

To explore the answers to this question and more,
go to BigldeasMath.com.




Dynamic Solutions available at BigldeasMath.com|

Writing Equations in Slope-Intercept Form (pp. 175-180)

Write an equation of the line in slope-intercept form.
7,6‘”/ A Find the slope and y-intercept.
PE5) Let (x;, y,) = (0, 3) and (x,, y,) = (3, 5).
7,4 7
mot2TN _5-3_2
e (0, 3) Xxn—x 3-0 3
Because the line crosses the y-axis at (0, 3),
- ) 2 2 i the y-intercept is 3.
P So, the equation is y = %x + 3.
AY
1. Write an equation of the line in slope-intercept form. N2 ©, 1)
= 2 2 | x
L e
Y

Writing Equations in Point-Slope Form (pp. 187-186)

Write an equation in point-slope form of the line that passes through the point (—1, —8)
and has a slope of 3.

y—y =mx—x) Write the point-slope form.
y—(—8)=3[x—(—1)] Substitute 3 for m, —1 for x;, and —8 for y;.
y+8=3x+1) Simplify.

P Theequationisy + 8 = 3(x + 1).

2. Write an equation in point-slope form of the line that passes through the point (4, 7)
and has a slope of —1.

Werite a linear function f with the given values.

3. f(10) =5,f(2) = -3 4. f3)=—4,f(5 =4 5. f(6) =8,f(9) =3

Writing Equations of Parallel and Perpendicular Lines (pp. 787-192)

Determine which of the lines, if any, are parallel or perpendicular.

Linea: y=2x + 3 Lineb: 2y +x =5 Linec: 4y — 8x = —4
Write the equations in slope-intercept form. Then compare the slopes.

Linea: y=2x+3 Lineb:yz—%x+% Linec: y=2x—1

P> Lines a and c have slopes of 2, so they are parallel. Line b has a slope of —%, the negative
reciprocal of 2, so it is perpendicular to lines a and c.
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Determine which of the lines, if any, are parallel or perpendicular. Explain.

6. Line a passes through (0, 4) and (4, 3). 7. Linea:2x — 7y =14
Line b passes through (0, 1) and (4, 0). Line b: y = %x -8
Line ¢ passes through (2, 0) and (4, 4). Line ¢: 2x + 7y = —21

8. Write an equation of the line that passes through (1, 5) and is parallel to the
liney = —4x + 2.

9. Write an equation of the line that passes through (2, —3) and is perpendicular
to the liney = —2x — 3.

m Scatter Plots and Lines of Fit (pp. 795-200)

The scatter plot shows the roasting times (in hours) and Roasting Turkeys
weights (in pounds) of seven turkeys. Tell whether the data vA
show a positive, a negative, or no correlation. v 6.0 3
3 55 °
As the weight of a turkey increases, the roasting time increases. 2 50 o
2 45 .
P> So, the scatter plot shows a positive correlation. g 4'0 .
o &
_g 3.5
Use the scatter plot in the example. 8 3.0 .
Q
. e 2.
10. What is the roasting time for a 12-pound turkey? = Z{
11. Write an equation that models the roasting time as a 0 4 8 12162024 28 x
function of the weight of a turkey. Interpret the slope and Weight (pounds)

y-intercept of the line of fit.

m Analyzing Lines of Fit (pp. 207-208)

The table shows the heights x (in inches) and shoe sizes y of several students.
Use a graphing calculator to find an equation of the line of best fit. Identify
and interpret the correlation coefficient.

LinReg
Step 1 Enter the data from the table into two lists. 22?232991 9355
. , b=-23.4828629
Step 2 Use the linear regression feature. r2=.9477256904

r=.9735120392

P> An equation of the line of best fit is
y = 0.50x — 23.5. The correlation coefficient is about 0.974. This means that
the relationship between the heights and the shoe sizes has a strong positive
correlation and the equation closely models the data.

12. Make a scatter plot of the residuals to verify that the model in the
example is a good fit.

13. Use the data in the example. (a) Approximate the height of a student whose
shoe size is 9. (b) Predict the shoe size of a student whose height is 60 inches.

14. Is there a causal relationship in the data in the example? Explain.

Chapter 4 Chapter Review

Height, | Shoe
X size, y
64 9
62 7
70 12
63 8
72 13
68 9.5
66 9
74 13.5
68 10
59 6.5
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m Arithmetic Sequences (pp. 209-216)

Write an equation for the nth term of the arithmetic sequence —3, —5, =7, =9, .. ..

Then find a,,.
The first term is —3, and the common difference is —2.
a,=a;, +n—1d Equation for an arithmetic sequence
a,= -3+ n—1)(-2) Substitute —3 for a; and —2 for d.
a,=—2n—1 Simplify.
Use the equation to find the 20th term.
ayy = —2(20) — 1 Substitute 20 for n.
= —41 Simplify.

P> The 20th term of the arithmetic sequence is —41.

Write an equation for the nth term of the arithmetic sequence. Then find a;.

15. 11,10,9,8, ... 16. 6,12,18,24,... 17. -9, -6, -3,0,...

‘Sl Piecewise Functions (pp. 217-224)
[%x +3, ifx<0

Graphy =1~ o, W >0 Describe the domain and range.
Step 1 Graphy = %x + 3 for x < 0. Because x is less than {y _ %x +3x<ol}
or equal to 0, use a closed circle at (0, 3). | 7,7

Step 2 Graph y = —2x for x > (. Because x is not equal to 0, [
use an open circle at (0, 0). #1ﬁ y=-2x,x>0

-4 2 x
P The domain is all real numbers. The range is y < 3. // V7 ‘ X
/ =72
18. Evaluate the function in the example when (a) x = 0 / Lq \
and (b) x = 5. ¥ .
Graph the function. Describe the domain and range.
+6, i +2, i -

19. y=1* 6, foSO 2. v— 4x + 2, 1fx< 4

—3x, ifx>0 2x — 6, ifx>—4

Write the absolute value function as a piecewise function.

21. y=|x|+ 15 22. y=4|x+5| 23. y=2x+2|-3

24. You are organizing a school fair and rent a popcorn machine for 3 days. The rental
company charges $65 for the first day and $35 for each additional day. Write and graph a
step function that represents the relationship between the number x of days and the total
cost y (in dollars) of renting the popcorn machine.
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Graph the function. Describe the domain and range.

1, if0<x <3

0, if3<x<6
-1, if6<x<9
-2, if9<x<12

Le—1, ifx>—1

Fx+é ifx<—1
1. y=
3

Write an equation in slope-intercept form of the line with the given characteristics.

3. slope = %; y-intercept = —7

4. passes through (0, 6) and (3, —3)

5. parallel to the line y = 3x — 1; passes through (—2, —8)
6. perpendicular to the line y = %x — 9; passes through (1, 1)

Write an equation in point-slope form of the line with the given characteristics.

7. slope = 10; passes through (6, 2)
8. passes through (—3, 2) and (6, —1)

9. The first row of an auditorium has 42 seats. Each row after the first has three more seats
than the row before it.

a. Find the number of seats in Row 25.
b. Which row has 90 seats?

10. The table shows the amount x (in dollars) spent on advertising for a Advertising Yearly
neighborhood festival and the attendance y of the festival for several years. (dollars), x attendance, y
a. Make a scatter plot of the data. Describe the correlation. 500 400
b. Write an equation that models the attendance as a function of the 1000 550
amount spent on advertising. 1500 550
c. Interpret the slope and y-intercept of the line of fit. 2000 800
11. Consider the data in the table in Exercise 10. 2500 650
. . . 3000 800
Use a graphing calculator to find an equation of the line of best fit.
Identify and interpret the correlation coefficient. 3500 1050
What would you expect the scatter plot of the residuals to look like? 4000 1100

Is there a causal relationship in the data? Explain your reasoning.

I

Predict the amount that must be spent on advertising to get 2000 people
to attend the festival.

12. Leta, b, ¢, and d be constants. Determine which of the lines, if any, are parallel or
perpendicular. Explain.

Linel: y —c=ax Line2: ay=—x—0»b Line3: ax+y=d

13. Write a piecewise function defined by three equations that has a domain of all real
numbers and a range of =3 <y < 1.
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andards Assessment

1. Which function represents the arithmetic sequence shown in the graph? (HSF-LE.A.2)

A f(n) =15+ 3n ;’gn ‘
fi) =4 —3n 2af ol (224)21)

20 T ° (3‘ 18)
@ f(n) =27 — 3n 12 “(4‘ 5
D@ fin)=24-13n 8

4

% 123456 7m

2. Which of the inequalities are equivalent? (HSA-REI.B.3)

3x+ 6 <8+ 2x 5x—527x—9 12-3x<18 —2-3x>-3-x

3. Complete the table for the four situations below. Explain your reasoning. (HSS-ID.C.9)
a. the price of a pair of pants and the number sold
b. the number of cell phones and the number of taxis in a city
c. aperson’s IQ and the time it takes the person to run 50 meters

d. the amount of time spent studying and the score earned

Correlation Causation
Situation
Yes No Yes No
a.
b.
C.
d.

4. Consider the function f(x) = x — 1. Select the functions that are shown in the graph.
Explain your reasoning. (HSF-BF.B.3)

g =fax+2) | @) =[Gy P

k(x) = f(x) + 4 p(x) = f(—x)

A
xY

r(x) = 3f(x) qx) = =fx)
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Use the numbers to fill in values for m and b in the equation y = mx + b so that its graph
passes through the points (6, 1) and (—2, —3). (HSA-CED.A.2, HSF-LE.A.2)

-5 -2 -1 -3 0

N —

Fill in the piecewise function with —, +, <, <, >, or = so that the
function is represented by the graph. (HSF-IF.C.7b)

I
23, ifx 0

You claim that you can create a relation that is a function, and your
friend claims that she can create a relation that is not a function.
Using the given numbers, create a relation of five ordered pairs that
supports your claim. What relation of five ordered pairs can your
friend use to support her claim? (HSF-IF.A.1)

—4 -3 -2 -1 0 1 2

IS

A

xY

You have two coupons you can use at a restaurant. Write and solve an equation to
determine how much your total bill must be for both coupons to save you the same

amount of money. (HSA-CED.A.I)

20% OFF
A

your entire purchase

y.

any meal of $10 or more

The table shows the daily high temperatures x (in degrees Fahrenheit) and the numbers
y of frozen fruit bars sold on eight randomly selected days. The equation y = 3x — 50

models the data. (HSS-ID.B.6b)

Temperature (°F), x | 54 | 60 | 638 | 72 | 78 | 34 | 92

98

Frozen fruit bars,y | 40 | 120 | 180 | 260 | 280 | 260 | 220

180

a. Select the points that appear on a scatter plot of the residuals.

(92, —6) (78, 96) (60, —10) (84, 58)

(72, 94) (54, —72) (96, 78) (60, 10)

(98, —64)

(68, 26)

b. Determine whether the model is a good fit for the data. Explain your reasoning.

Chapter 4
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