ALGEBRA NATION - How It Works

Welcome to Algebra Nation! Our goal is to help you and all other students across Florida master
Algebra 1. Algebra is essential for success in future math and science courses, on tests like the FSA End-
of-Course Exam, and in your future career (whatever it may be)!
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1. Videos and Workbook: Choose your Study Expert and watch them break down each topic as you
follow along and mark up this workbook.

2. Test Yourself! Practice Tool: Practice what you just learned with our Test Yourself! Practice Tool,
available at the end of each section. Get immediate feedback on how you did and what you
should focus on next.

3. Algebra Wall: Have questions? Want to chat about math with other students across Florida in a
safe, moderated, online environment?e Go to the statewide Algebra Wall, where you can ask
questions and receive help from other students, teachers, and our Study Experts. Study Experts will
award Karma Points for helping other students. Top Karma Points earners will win prizes. Go to the
Algebra Wall to learn more!

4. Teacher Area: Teachers can view data for their classes in the Teacher Areq, access exira
resources, and collaborate with colleagues through the Teacher Wall.
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Using Expressions to Represent Real-World Situations

The Florida Turnpike is a 320-mile stretch of highway running
from Central Florida to South Florida. Drivers who use a SunPass
pay discounted toll rates. For 2-axle passenger vehicles with a
SunPass, the toll at the Orlando (I-4) Mile Post is§0:53) and the
toll af the Okeechobee Plaza exif in West Paim Beach is@$1.04)

A 2-axle passenger vehicle with a SunPass drives through the
Orlando (I-4) Mile Post_ Determine the total amount
of money that will be deducted from this vehicle's SunPass
account.

x:mm'ber oF +imes - !3 ‘}
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The following Mathematics Florida Standards will be covered in this section:

A-SSE.1.1a - Interpret expressions that represent a quantity in terms of its context.
a. Interpret parts of an expression, such as terms, factors, and coefficients.

A-SSE.1.2 - Use the structure of an expression to identify ways to rewrite it. For example, see x* - y* as (x?) 2- (y?)? thus
recognizing it as a difference of squares that can be factored as (x?- y?)(x? + y?).

N-RN.1.1 - Explain how the definition of the meaning of rational exponents follows from extending the properties of integer
1
exponents to those values, allowing for a notation for radicals in terms of rational exponents. For example, we define 53 to

1
3

be the cube root of 5 because we want (5@)3 = 5G)% to hold, so 5G)* must equai s.

N-RN.1.2 - Rewrite expressions involving radicals and rational exponents using the properties of exponents.

N-RN.2.3 - Explain why the sum or product of two rational numbers is rational; that the sum of a rational number and an
irational number is irrational; and that the product of a nonzero rational number and an irrational number is irrational.

N-Q.1.1 - Use units as a way to understand problems and to guide the solution of multi-step problems; choose and interpret
units consistently in formulas; choose and interpret the scale and the origin in graphs and data displays.

Lo GEBRA
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Section 1: Expressions C.

Section 1 - Topic 1
Using Expressions to Represent Real-World Situations

The Florida Turnpike is a 312-mile stretch of highway running
from Central Florida to South Florida. Drivers who use a SunPass
pay discounted toll rates. For 2-axle passenger vehicles with a
SunPass, the toll at the Orlando (I-4) Mile Post is $0.53, and the
toll at the Okeechobee Plaza exit in West Palm Beach is $1.04.

a. A 2-axle passenger vehicle with a SunPass drives d
through the Orlando (I-4) Mile Post five times.
Determine the total amount of money that will be
deducted from this vehicle’s SunPass account.
e.

b. Create an algebraic expression to describe the total
amount of money that will be deducted from this
vehicle's SunPass account for any given number of
drives through the Orlando (I-4) Mile Post.
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Section 1: Expressions

The same 2-axle passenger vehicle drives through the
Okeechobee Plaza exit in West Palm Beach seven
times. Determine the total amount of money that will
be deducted from its SunPass account.

Create an algebraic expression to describe the total
amount of money that will be deducted from this
vehicle's SunPass account for any given number of
drives through the Okeechobee Plaza exit.

Write an algebraic expression to describe the
combined total amount of money that will be
deducted from this vehicle's SunPass account after it
passes through the Orlando (I-4) Mile Post and the
Okeechobee Plaza exit any given number of fimes.

What is the total amount of money that will be
deducted from this vehicle's SunPass account after it
passes through the Orlando (I-4) Mile Post eight times
and Okeechobee Plaza exit four times?



Let’s Practice!

1.

Mario and Luigi plan to buy a Nintendo Switch for $299.00.
Nintendo Switch games cost $59.99 each. They plan to
purchase one console.

a. Use an algebraic expression to describe how much

they will spend, before sales tax, based on purchasing
the console and the number of games.

b. If they purchase one console and three games, how
much will they spend before sales tax?e

Cc. Mario and Luigi want to purchase some exira

controllers for their friends. Each controller costs $29.99.

Use an algebraic expression to describe how much
they will spend in total, before sales tax, based on

When defining variables, choose variables
that make sense to you, such as h for hours
and d for days.

Try It

2.

The Thomas family likes to visit Everglades National Park,
the largest tropical wilderness in the U.S., which partially
covers the Miami-Dade, Monroe, and Collier counties in
Florida. They hold an annual pass that costs $40.00. Each
canoe rental costs $26.00 and each bicycle rental costs
$15.00. Use an algebraic expression to describe how much
they spend in a year based on the annual pass, the
number of canoe rentals, and the number of bicycle
rentals. Identify the parts of the expression by underlining
the coefficient(s), circling the constant(s), and drawing a
box around the variable(s).

purchasing the console, the number of games, and 3. Ramiro brought home ten pounds of rice fo add to the 24
the number of extra controllers. ounces of rice he had in the pantry. Let x represent the
amount of rice Ramiro uses over the next few days.
a. Write an algebraic expression to describe the amount
of rice remaining in Ramiro’s pantry.
d. What will be the total cost, before sales tax, if Mario
and Luigi purchase one console, three games, and
two extra controllers? b. Determine if there are any constraints on x.
[ ALGEBRA
4 NATioN
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BEAT THE TEST!

José is going to have the exterior of his home painted. He
will choose between Krystal Klean Painting and Elegance
Home Painting. Krystal Klean Painting charges $175.00 to
come out and evaluate the house plus $7.00 for every
additional 30 minutes of work. Elegance Home Painting
charges $23.00 per hour of work. Let h represent the
number of hours for which José hires a painter. Which of
the following statements are true?¢ Select all that apply.

O The expression 14h represents the total charge for
Krystal Klean Painting.

O The expression 23h represents the total charge for
Elegance Home Painting.

O The expression 175 + 14h + 23h represents the total
amount José will spend for the painters to paint the
exterior of his home.

O If José hires the painters for 10 hours, then Elegance
Home Painting will be cheaper.

O If José hires the painters for 20 hours, then Krystal Klean
Painting will be cheaper.

2. During harvesting season af Florida Blue Farms, hand
pickers collect about 200 pounds of blueberries per day
with a 95% pack-out rate. The blueberry harvester
machine collects about 22,000 pounds of blueberries per
day with a 90% pack-out rate. The pack-out rate is the
percentage of collected blueberries that can be
packaged to be sold, based on Florida Blue Farms' quality
standards.

Let h represent the number of days the hand pickers work
and m represent the number of days the harvester
machine is used. Which of the following algebraic
expressions can be used to estimate the amount of
collected blueberries that are packed at the Florida Blue
Farms for fresh consumption this season?

® (0.95h + 200)(0.90m + 22000)
® 0.95(200k) + 0.90(22000m)

© 200.95h + 22000.90m

© (200h + 0.95)(22000m + 0.90)

Want to learn more about how Florida Blue Farms uses algebra to
harvest blueberries? Visit the Student Area in Algebra Nation to see
how people use algebra in the real world! You can find the video in
the “Math in the Real World: Algebra at Work” folder.

Want some help? You can always ask questions on
,Q the Algebra Wall and receive help from other
.' students, teachers, and Study Experts. You can also
help others on the Algebra Wall and earn Karma
Algebra  pints for doing so. Go to AlgebraNation.com to learn
Wall
more and get started!

Section 1: Expressions



Section 1 - Topic 2 Let's recap:
Understanding Polynomial Expressions

Type of Polynomial | Number of Terms Example
A term is a constant, variable, or multiplicative combination of i
the two. Monomial
Consider 3x2 + 2y — 4z + 5. Binomiall
How many terms do you see? Trinomial
Polynomidal

List each term. Some important facts:

» The degree of a monomial is the sum of the
of the variables.

» The degree of a polynomial is the degree of the

monomial tferm with the degree.
This is an example of a polynomial expression. A polynomial
can be one term or the sum of several terms. There are many
different types of polynomials. Sometimes, you will be asked to write polynomials in standard
A monarchy has one leader. How many terms do you think a form.
monomial has? >  Write the monomial terms in
order.

) ) » The leading term of a polynomial is the term with the
A bicycle has two wheels. How many terms do you think a

binomial has?

» The leading coefficient is the coefficient of the

A triceratops has three horns. How many terms do you think a
frinomial has?

£BRA
6 NATION
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Let’s Practice!

1. Are the following expressions polynomialse If so, name the
type of polynomial and state the degree. If not, justify your

reasoning.
a. 8x?%y3 2a?
b. 3D
C. %x‘* —5x3 + 9x7 d. 10a®bh? + 17ab3c — 5a’

e. 2m+3n14+8m?n
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Try It

2.

Are the following expressions polynomialse

a.

Section 1: Expressions

%a + 2b?
34
xy
y2

2rs 4+ s*

xy? +3x — 4y~1

polynomial
not a polynomial

polynomial
not a polynomidal

polynomial
not a polynomial

polynomial
not a polynomial

polynomial
not a polynomial




Consider the polynomial 3x* — 5x3 + 9x”.

a. Write the polynomial in standard form.

b. Whatis the degree of the polynomial?

c. How many terms are in the polynomial?

d. Whatis the leading term?

e. Whatis the leading coefficient?

BEAT THE TEST!

1. Match the polynomial in the left column with its
descriptive feature in the right column.

A. x3+4x? —-5x+9 l.  Fifth-degree polynomial
B. 5a?b? Il.  Constant term of —2
C. 3x* —9x3 + 4x° lll. Seventh-degree polynomial

D. 7a®b? +18ab3c —9a’ IV. Leading coefficient of 3

E. x5—9x3+2x7 V. Four terms
F. 3x3+7x?-11 VI. Eighth-degree polynomial
G. x2-2 VIl. Equivalent to 4x? + 3x* — 9x3

Want some help? You can always ask questions on
,‘ the Algebra Wall and receive help from other
, students, teachers, and Study Experts. You can also
help others on the Algebra Wall and earn Karma
Algebra  pqints for doing so. Go to AlgebraNation.com to learn
Wall
more and get started!

£BRA
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Section 1 -Topic 3
Algebraic Expressions Using the Distributive Property

Recall the distributive property.

> If a and b are real numbers, then
ab +c)=a: +a- .

One way to visualize the distributive property is to use models.

Consider (a + 3)(a + 2).

Now, use the distributive property to write an equivalent
expression for (a + 3)(a + 2).
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Let’s Practice!

1.

2.

Write an equivalent expression for 3(x + 2y — 7z) by
modeling and then by using the distributive property.

Write an equivalent expression for (x — 3)(x — 2) by
modeling and then by using the distributive property.

Section 1: Expressions



Try It! BEAT THE TEST!

3. Use the distributive property or modeling to write an 1. Students were asked to use the distributive property to
equivalent expression for (m + 5)(m — 3). write an equivalent expression for the expression

(x — 5)(x — 2). Their work is shown below. Identify the

student with the correct work. For the answers that are

incorrect, explain where the students made mistakes.

Student 1

(x-5X)x-2)
= XX =5(-2)
=X+ 10

Student 2

(x-$) (x-2)

XX - 2% - Sx -5(-2)

"

XY —2x -$x +1O

= x5 o7k 400
Student 3
(x-8)(x-2)

= %X +x(-2) ~5.x - 5(-2)
= %x* ~2x -5%x~10
2%~ 7% -10

Want some help? You can always ask questions on
‘ the Algebra Wall and receive help from other
,' students, teachers, and Study Experts. You can also
help others on the Algebra Wall and earn Karma
Points for doing so. Go to AlgebraNation.com to learn
more and get started!

Algebra
Wall

BRA
10 NATION
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Section 1 - Topic 4
Algebraic Expressions Using the
Commutative and Associative Properties

Whatis 5 + 2¢

Whatis 2 + 52

Does it matter which number comes first2

Whatis9-22

Whatis 2 -92

Does it matter which number comes firste

This is the commutative property.

» The order of the numbers can be

without affecting the or
> If a and b are real numbers, thena + b = and
a-b=

Does the commutative property hold true for division or
subtraction? If so, give an example. If not, give a
counterexample.
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Let’s look at some other operations and how they affect
numbers.

Consider 2 + 4 + 6. What happens if you put parentheses

around any two adjacent numbers? How does it change the
sume

Consider 3 - 6 - 4. What happens if you put parentheses around
any two adjacent numberse How does it change the
product?e

This is the associative property.
» The of the numbers does not change.

» The grouping of the numbers can change and does
not affect the or

> Ifa, b, and ¢ are real numbers, then
(a+b)+c= and
(ab)c =

Does the associative property hold true for division or
subtraction? If not, give a counterexample.

11
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Let’s Practice!

1. Name the property (or properties) used to write the
equivalent expression.

a. [5+4(=3)]+2=5+][(-3) +2]

b. (8:4)-6=6-(8-4)

c. p+u+t)y=0C+w)+p

When identifying properties, look closely at
each piece of the problem. The changes can
be very subtle.

12

Try It

2. Identify the property (or properties) used to find the
equivalent expression.

a. (11+4)+5=(5+11)+4

b. v-(y-b)=w-y)-b

c. 8+1)+6=8+(1+6)

d. (9-13)-14 =(13-9)-14

3. The following proof shows (3x)(2y) is equivalent to 6xy. Fill
in each blank with either “commutative property” or
"associative property” to indicate the property being
used.

(3x)(2y) = 3(x - 2)y
=32 -x)y
=3-2)(x-y)
= 6xy

Section 1: Expressions
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BEAT THE TEST!

Fordson High School hosted a math competition. A
student completed the following proof and the question
was marked incorrect. Identify and correct the student’s
mistake(s).

Commutative property

1. |(2x —5) + 3x = (-5 + 2x) + 3x ot addition
_ _ Assoctative Property
2. | (=54 2x) +3x = =5+ (2x + 3x) ok additon

3. |-5+(2x+3x) =—5+x(2+3) | Dishibutive Properly
Associakive profecty
of add#ion

wrote an eﬁuivalm-l—
&Y pression

4, |-5+x(2+3)=x(2+3)-5

5. |x(2+3)-5=x(5)-5

Want some help? You can always ask questions on
,‘ the Algebra Wall and receive help from other
., students, teachers, and Study Experts. You can also
help others on the Algebra Wall and earn Karma
Algebra  pints for doing so. Go to AlgebraNation.com to learn
Wall
more and get started!
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Section 1 - Topic 5
Properties of Exponents

Let's review the properties of exponents.
2% =
2% =
2% =
2t =

What pattern do you notice?

Continuing the pattern, what does the following term equal?
20 =

> This is the zero exponent property: a° =

Continuing the pattern, what do the following terms equal?

271 =
272 =

» Thisis the negative exponent property: a™ =

Section 1: Expressions



Let’s explore multiplying terms with exponents and the same
base.

2324 =

25273 =

» This is the product property: a™ - a™ =

Let’s explore dividing terms with exponents and the same
base.

m

» Thisis the quotient property: C;—n =

Let’s explore raising powers to an exponent.
(53)2 —

"3 =

» Thisis the power of a power property: (a™)" =

14

Let's explore raising a product to an exponent.

(2-3)% =
(4-x)° =

» Thisis the power of a product property: (ab)™ =

Let's explore a quotient raised to an exponent.

-

n
> This is the power of a quotient property: (%) =

Section 1: Expressions
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Let’s Practice! Try I

1. Determine if the following equations are frue or false. 2. Use the properties of exponents to match each of the
Justify your answers. following expressions with its equivalent expression.

- 22_2 A. (%)4 | 73.26
B. (7 - 22)3 L Z—i
C.7H(7*) I, j—j
D. (72)(7)° V74
7\ "4 ,
b. (5-42)3 =5%.50. (:__61)_1 E. (5) V. 7
F. g—:; VI, 73
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BEAT THE TEST!

Crosby and Adam are working with exponents.

Part A:

Part B:

Crosby claims that 33 - 32 = 35, Adam argues that
33 .32 = 3% Which one of them is correct? Use the
properties of exponents to justify your answer.

. 38
Crosby claims that = = 3*. Adam argues that
3

38
Pl 3%. Which one of them is correct2 Use the
properties of exponents to justify your answer.

Algebra
Wall

Want some help? You can always ask questions on
the Algebra Wall and receive help from other
students, teachers, and Study Experts. You can also
help others on the Algebra Wall and earn Karma
Points for doing so. Go to AlgebraNation.com to learn
more and get started!

16

Section 1 - Topic 6
Radical Expressions and Expressions with Rational

Exponents

Exponents are not always in the form of integers. Sometimes
you will see them expressed as rational numbers.

Consider the following expressions with rational exponents. Use
the property of exponents to rewrite them as radicall
expressions.

Do you notice a pattern? If so, what pattern do you notice?

Consider the following expressions with rational exponents. Use
the pattern above and the property of exponents to rewrite
them as radical expressions.

For exponents that are rational numbers, such as %, we

a
have xb = =

£BRA
NATION
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Let’s Practice!

1. Use the rational exponent property to write an equivalent
expression for each of the following radical expressions.

a. Vvx+2 b. Yx—-5+2

2. Use the rational exponent property to write each of the
following expressions as intfegers.

1 1

a. 9z b. 162

c. 83 d. 83

2 3

e. 1253 f. 162
Fa1GEBRA
AI.KEION

=
=%

Try It

3. Use the rational exponent property to write an equivalent
expression for each of the following radical expressions.

a. Jy b. Yy+6-3

4. Use the rational exponent property to write each of the
following expressions as integers.

1
q. 497
b. 273
2
c. 2163

Section 1: Expressions
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1.

Match each of the following to its equivalent expression.

BEAT THE TEST!

A. 23 . m:-3
B. Vm—3 I (3m):
C. . (m-3)2
D. vm -3 V. V2

E. 23 V. V4

F. V3m VI. V2

Algebra
Wall

Want some help? You can always ask questions on
the Algebra Wall and receive help from other
students, teachers, and Study Experts. You can also
help others on the Algebra Wall and earn Karma
Points for doing so. Go to AlgebraNation.com to learn
more and get started!

18

Section 1 - Topic 7
Adding Expressions with Radicals and Rational Exponents

Let's explore operations with radical expressions and
expressions with rational exponents. For each expression, label
approximately where the answer would be found on the
number line.

V5 +v2 52 4 2

I 1t
V5445 52 + 52

— 1+ —
2V/3-8V3 2-3%—8-3%

To add radicals, the radicand of both radicals
must be the same. To add expressions with
rational exponents, the base and the
exponent must be the same. In both cases,
you add only the coefficients.

£BRA
NATION
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Let’s Practice!

1.

/:’-

G
lAI

Perform the following operations.

a. \/ﬁ+\/§ b. 12%_}.3%

C. V72+V15+18 d. 72:+ 157+ 18

e. V32+V16 f. 3254165

For radicals and expressions with rational
exponents, always look for factors that are
perfect squares when taking the square
rooft (or perfect cubes when taking the
cube root).

—
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Try It
2. Perform the following operations.

a. V6+3vV6 b.

c. V50 ++V18++10

e. V2+3¥8+7V16 ;.

Section 1: Expressions

1 1
62 +3- 67

1 1 1
d. 50z + 18z + 102

1 1 L
23+ 83 + 163

19
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BEAT THE TEST! Part B: Label and place 4 - 3% on the number line below.

Which of the following expressions are equivalent to 3v/2?
Select all that apply.

i1
32 + 22
11
82 + 22
1
3-22
V18
218
V8 ++/2

oooo oo

Miguel completed a proof to show that V27 +v3 =4 - 35 -

V27 +43
=273 432
—3.3343:
_4.32

Part A: Which expression can be placed in the blank to
correctly complete Miguel’s proofe

1

® 3 (9% +3)

>

i 1 1
® (9-3)2+ 32

~

© (9% + 3%) + 3%

i 1 1
©® (9)z+ 32

2

Algebra
Wall

Want some help? You can always ask questions on
the Algebra Wall and receive help from other
students, teachers, and Study Experts. You can also
help others on the Algebra Wall and earn Karma
Points for doing so. Go fo AlgebraNation.com to learn
more and get started!

Section 1: Expressions
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Section 1 - Topic 8
More Operations with Radicals and Rational Exponents

The properties of exponents also apply to

expressions with rafional exponents.
Let's explore multiplying and dividing expressions with radicals
and rational exponents.

V10 - V2

1 1
102 - 22
Let’s Practice!
1. Use the properties of exponents to perform the following
operations.
\/E : W 2% . 2% a. (x§)2
3
b. (V7)
1
V10 107
V2 T
22

"
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1

LG

RA
ATION

=
=%

21
Section 1: Expressions




e
0
=
=

Try I

2. Use the properties of exponents to perform the following
operations.

d (3 i/ﬁ)%

1
a. (m°n?)s

o. (VB-V3)

£BRA
22 NATION
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BEAT THE TEST!

1. Which of the following expressions are equivalent to 2%2
Select all that apply.

V4
V8
V4
V8
V16

OoOo0Oo0OnO

Want some help? You can always ask questions on
" the Algebra Wall and receive help from other
., students, teachers, and Study Experts. You can also
help others on the Algebra Wall and earn Karma
Algebra  pints for doing so. Go to AlgebraNation.com to learn
Wall
more and get started!
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Section 1 - Topic 9
Operations with Rational and Irrational Numbers

Let’s review rational and irrational numbers.

» Numbers that can be represented as % where aand b

are integers and b # 0, are called

numbers.

» Numbers that cannot be represented in this form are
called numbers.

o Radicals that cannot be rewritten as integers are
examples of such numbers.

Determine whether the following numbers are rational or
irrational.

Rational Irrational

O O

V8 O O

T @) O
22

- O O

9.48 O O
33

> O O

2.23606... O O

—25 O O

Section 1: Expressions
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Given two rational numbers, a and b, prove that the sum of a Given a rational number, a, and an irrational number, b, prove
and b is rational. that the sum of a and b is irrational.
Given two rational numbers, a and b, what can be said about Given a non-zero rational number, a, and an irrational
the product of a and b2 number, b, what can be said about the product of a and b?
[ A1 GEBRA
24 NATION
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Let’s Practice!

1. Consider the following expression.

The above expression represents the ©sum
o product

2++/3

o irrational number

of a(n) [o rational number ] and a(n)

-
o rational number

o irrational number
g J

~

-
o rational number.
o irrational number.

g

J
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and is equivalent to a(n)

Try I

2.

Maria and her 6 best friends are applying to colleges. They
find that Bard College accepts § of its applicants. Maria

and her friends write the expression below to represent
how many of them would likely be accepted.

7 -

The above expression represents the o sum
o product

of afn) [o rational number ] and a(n)

W[ =

o irrational number

-
o rational number

o irrational number] and is equivalent to a(n)

-
o rational number.
o irrational number.

g

25
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BEAT THE TEST!

Let a and b be non-zero rational numbers and ¢ be an
irrational number. Consider the operations below and

1.

determine whether the result will be rational or irrational.

Irrational

Rational

SHCS]

Consider x -y = z. If zis an irraftional number, what can be

said about x and y?

2.

Great job! You have reached the end of this section.
Now it's time to try the “Test Yourself! Practice Tool,”
where you can practice all the skills and concepts

you learned in this section. Log in fo Algebra Nation
and try out the “Test Yourself! Practice Tool” so you
can see how well you know these topics!

Test Yourself!

Practice Tool

26
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Equations: True or False?

Consider the statement 4 + 5 = 2 + 7. This is a grammatically
correct sentence.

Is the sentence true or false? ,’,M_.

Consider the statement 1 + 3 = 8 + 6. This statement is also a
grammatically correct sentence.

lge.
Is the sentence true or false? fAs

Section 2: Equations and Inequalities
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The following Mathematics Florida Standards will be covered in this section:

A-CED.1.1 - Create equations and inequdlities in one variable and use them to solve problems. Include equations arising
from linear and quadratic functions, and simple rational and exponential functions.

A-CED.1.2 - Create equations in two or more variables to represent relationships between quantities; graph equations on
coordinate axes with labels and scales.

A-CED.1.4 - Rearrange formulas to highlight a quantity of interest, using the same reasoning as in solving equations. For
example, rearrange Ohm'’s law V = IR to highlight resistance R.

A-REL.1.1 - Explain each step in solving a simple equation as following from the equality of numbers asserted at the previous
step, starting from the assumption that the original equation has a solution. Construct a viable argument to justify a solution
method.

A-REL2.3 - Solve linear equations and inequalities in one variable, including equations with coefficients represented by
letters.

A-REL.2.4 - Solve quadratic equations in one variable.

A-REL4.10 - Understand that the graph of an equation in two variables is the set of all its solutions plotted in the coordinate
plane, often forming a curve (which could be aline).

A-SSE.1.2 - Use the structure of an expression to identify ways to rewrite it.

N-Q.1.3 - Choose a level of accuracy appropriate to limitations on measurement when reporting quantities.

Lo GEBRA
2
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Section 2: Equations and Inequalities

Section 2 - Topic 1
Equations: True or False?

Consider the statement 4 + 5 = 2 + 7. This is a grammatically
correct sentence.

Is the sentence frue or false?

Consider the statement 1 + 3 = 8 + 6. This statement is also a
grammatically correct sentence.

Is the sentence frue or false?

The previous statements are examples of number sentences.

» A numbersentence is a statement of equality
between two expressions.

» A number sentence is said to be true if both numerical

expressions are

» If both numerical expressions don't equal the same
number, we say the number sentence is

> True and false statements are called truth values.
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Let’s Practice!

1. Determine whether the following humber sentences are
frue or false. Justify your answer.

a. 13+4=7+11

=1.4-0.275

O
N
+
[os ;1

Try It

2. Determine whether the following number sentences are
tfrue or false. Justify your answer.

a. (83-401)-638 =401-(638-83)

b. (6+4)*=6%+42

Section 2: Equations and Inequalities
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A number sentence is an example of an algebraic equation. Let’s Practice!

» An algebraic equation is a statement of equality 3. Consider the algebraic equation x + 3 = 9.
between two

a. What value can we substitute for x to make it a true
» Algebraic equations can be number sentences (when number sentence?
both expressions contain only numbers), but often
they contain whose values have not
been determined.

b. How many values could we substitute for x and have
a frue number sentence?
Consider the algebraic equation 4(x + 2) = 4x + 8.

Are the expressions on each side of the equal sign equivalent?e

Justify your answer.

4. Consider the algebraic equation x + 6 = x + 9. What
values could we substitute for x fo make it a true number

sentence?
Try It
What does this tell you about the numbers we can substitute 5. Complete the following sentences.
for x2
a. d?=4istrue for
b. 2m=m+mistrue for
C. d+67=d+68istrue for
[ ALGEBRA
30 NATION
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BEAT THE TEST!

Which of the following equations have the correct
solution? Select all that apply.

Ooo0oooao

2x+5=19; x =7
34x+2—-—x=16; x=3
X+ 2

5
6=2x—8, x=7

14=§x+5;x=18

=2;x=28

' Want some help? You can always ask questions on

the Algebra Wall and receive help from other

, students, teachers, and Study Experts. You can also

help others on the Algebra Wall and earn Karma

Algebra  points for doing so. Go to AlgebraNation.com to leamn

Wall

more and get started!
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Section 2 - Topic 2
Identifying Properties When Solving Equations

The following equations are equivalent. Describe the
operation that occurred in the second equation.

3+45=8and3+5—-5=8-5

x—3=7andx—-3+3=7+3

2(4 8
2(4)=80nd£=—

2 2
f=30nd2-£=2-3
2 2

This brings us to some more properties that we can use to write

equivalent equations.

Section 2: Equations and Inequalities
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Properties of Equality

If x is a solution to an equation, then x will also be a solution o
the new equation formed when the same number is added to
each side of the original equation.

These are the addition and subtraction properties of equality.

» Ifa=b,thena+c=b+canda—-c=b—c.

> Give examples of this property.

If x is a solution to an equation, x will also be a solution to the
new equation formed when each side of the original equation
is multiplied by the same number.

These are the multiplication and division properties of equality.
> lfa=bthena-c=b-cand2==.

> Give examples of this property.

32

Let’s Practice!

1. The following equations are equivalent. Determine the
property that was used to write the second equation.

a. x—5=3x+7andx—-5+5=3x+7+5

b. x=3x+12andx—3x=3x—3x+ 12

c. —2x=12 Or\d_—zxzE
-2 -2

Section 2: Equations and Inequalities

£BRA
NATION



Try It!

2.
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The following pairs of equations are equivalent. Determine
the property that was used to write the second equation.
a. 2(x+4)=14—-6xand 2x +8 =14 — 6x

b. 2x+8=14—6xand 2x +8+ 6x = 14 — 6x + 6x

C. 2x+8+6x=14and2x+6x+8=14

d. 8x+8=14and8x+8-8=14-8

e. 8x=6and=-8x= +-6
8 8

1.

BEAT THE TEST!

For each algebraic equation, select the property or
properties that could be used to solve it.

c s >
c S> |25 > £
o CE|SE| § 2
= o O = O (7] o
o S35 a3 o o
=) Q20| =0T o o
I.IUJ- :I.I.I O w o, 0}
o 2%|8%| 2| £
S °cZz|5&l 5 | 2
¥ 0| 0o a2 =2
o 20| =0| & £
e 59 290 = £
< oo | Sa a o
< s (@)

X
5=5 O O O O
2x+7 =13 O O O O
4x =23 O O O O
x—3=—4 O O O O
4(x +5) = 40 O O O O
10+x =179 O O O O
—-8—x=19 O [l O O
2x—8)+7x =9 O O O O

Want some help? You can always ask questions on
,Q the Algebra Wall and receive help from other
.' students, teachers, and Study Experts. You can also
help others on the Algebra Wall and earn Karma
Algebra  pints for doing so. Go to AlgebraNation.com to learn
Wall
more and get started!

Section 2: Equations and Inequalities
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Section 2 - Topic 3 Other times, a word problem or situation may require you to

Solving Equations write and solve an equation.
Sometimes you will be required fo justify the steps fo solve an A class is raising funds to go ice skating at the Rink at Campus
equation. The following equation is solved for x. Use the Martius in Detroit. The class plans to rent one bus. It costs
properties fo justify the reason for each step in the chart $150.00 to rent a school bus for the day, plus $11.00 per student
below. for admission to the rink, including skates.
Statements Reasons

What is the variable in this situation?

a.5x+3)—-2=2—-x+9 a. Given

b.5x+15—-2=2—x+9 b.

C5x+15—2=24+9—x c. Write an expressmh to represent the amount of money the
school needs to raise.

d.5x+13=11—-x d. Equivalent Equation

e.5x+13—-13=11-13—x |e.

f.5x=-2-x f. Equivalent Equation The class raised $500.00 for the trip. Write an equation to
represent the number of students who can attend the trip.
g.5x+x=—-2—-x+x g.
h. 6x = -2 h. Equivalent Equation
. 6 -2 .
I ?x =% I Solve the equation to determine the number of students who
can attend the frip.
o 1 . . .
jox=—3 j- Equivalent Equation
1 GEBRA
34 ‘\\ilKIEION
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Let’s Practice!

1. Consider the equation 2x — 3(2x — 1) = 3 — 4x. Solve the
equation for x. For each step, identify the property used to
write an equivalent equation.

Some equations, such as 2x = 2x, have all real
numbers as the solufion. No matter what
number we substitute for x, the equation will
still be frue.

Try I

2. Consider the equation 3(4x + 1) = 3 + 12x — 5. Solve the
equation for x. For each step, identify the property used to
convert the equation.
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Some equations, such as 2x + 5 = 2x — 1, have
no solution. There is no number that we could
substitute for x that will make the equation
frue.

Brooklyn Technical High School surveyed its students about

their favorite sports. The 487 students who listed soccer as
their favorite sport represented 17 fewer students than
three fimes the number of students who listed basketball
as their favorite sport. Write and solve an equation to
determine how many students listed basketball as their
favorite sport.

Section 2: Equations and Inequalities
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1.

BEAT THE TEST!

The following equation is solved for x. Use the properties to
justify the reason for each step in the chart below.

Section 2 - Topic 4
Solving Equations Using the Zero Product Property

If someone told you that the product of two numbers is 10,
what could you say about the two numberse

If someone told you that the product of two numbers is zero,

what could you say about the two numbers?e

This is the zero product property.

Statements Reasons
a.2(x+5)—3=15 a. Given
b.2x+10-3=15 b.
c.2x+7=15 c. Equivalent Equation
d2x+7-7=15-7 |d.
e.2x=38 e. Equivalent Equation
=2 f.
g.x=4 g. Equivalent Equation

> Ifab =0, then eithera=0o0rb = 0.

Describe how to use the zero product property to solve the
equation (x — 3)(x + 9) = 0. Then, identify the solutions.

Algebra
Wall

Want some help? You can always ask questions on
the Algebra Wall and receive help from other
students, teachers, and Study Experts. You can also
help others on the Algebra Wall and earn Karma
Points for doing so. Go to AlgebraNation.com to learn
more and get started!
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Let’s Practice!

1. Identify the solution(s) to 2x(x + 4)(x + 5) = 0.

2. ldentify the solution(s) to (2x — 5)(x + 11) = 0.
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Try It
3.  Michael was given the equation (x + 7)(x — 11) = 0 and

asked to find the zeros. His solution set was {—11, 7}. Explain
whether you agree or disagree with Michael.

4. Identify the solution(s) to 2(y —3) - 6(—=y —3) = 0.

37
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1.

Use the values below to determine the solutions for each

BEAT THE TEST!

equation.

0 2 3 f
5
2 1 3
= —= —— —-14
7 2 4
6 0 —1 -2
4

Ry+Dy+14) =0

(7n—-2)(5n—4)=0

(4x+3)(x—6)=0

x(x+2)(x—3)=0

t4t+1)(t—-2)=0

o

>

Algebra
Wall

Want some help? You can always ask questions on
the Algebra Wall and receive help from other
students, teachers, and Study Experts. You can also
help others on the Algebra Wall and earn Karma
Points for doing so. Go to AlgebraNation.com to learn
more and get started!
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Section 2 - Topic 5
Solving Inequalities — Part 1

Let’s start by reviewing how to graph inequalities.

- © -
-5 -4 -3 -2 -1 0 1 2 3 4 5
» When the endpoint is a(n) dot or circle, the

number represented by the endpoint
a part of the solution set.

Describe the numbers that are graphed in the example
above.

Can you list all the numbers graphed in the example above?
Explain your answer.

Write an inequality that represents the graph above.

Write the solution set that represents the graph above.

£BRA
NATION
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Consider the following graph.

— @ o
4 5 6 7 8 9 10 11 12 13 14 15

» When the endpointis a(n) dot or circle,
the number represented by the endpoint a
part of the solution set.

Write an inequality that represents the graph above.

Write the solution set that represents the graph above.

Why is “or equal to” included in the solution sete

Just like there are properties of equality, there are also
properties of inequality.

Ifx>5,isx+1>5+ 12 Substitute values for x to justify your
answer.
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Addition and Subtraction Property of Inequality

» Ifa>b,thena+c>b+canda—c>b—cforanyreal
number c.

Consider (2x — 1) + 2 > x + 1. Use the addition or subtraction
property of inequality to solve for x.

Let’s Practice!

1. Consider the inequality (4 + x) — 5 > 10. Use the addition
or subtraction property of inequality to solve for x. Express
the solution in set notation and graphically on a number
line.

39
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Try It!

2.

Consider the inequality 4x + 8 < 1 + (2x — 5). Use the

addition or subtraction property of inequality to solve for x.

Express the solution in set notation and graphically on a
number line.

Peter deposited $27 into his savings account, bringing the
total to over $234. Write and solve an inequality to
represent the amount of money in Peter’'s account before
the $27 deposit.

’, students, teachers, and Study Experts. You can also

Algebra  points for doing so. Go to AlgebraNation.com to learn

Want some help? You can always ask questions on
‘ the Algebra Wall and receive help from other

help others on the Algebra Wall and earn Karma

Wall

more and get started!
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Section 2 - Topic é
Solving Inequalities — Part 2

Consider x > 5and 2 -x > 2 - 5. Identify a solution to the first
inequality. Show that this solution also makes the second
inequality true.

Consider x > 5 and —2 - x > —2 - 5. Identify a solution to the first
inequality. Show that this solution makes the second inequality
false.

How can we change the second inequality so that the
solution makes it true?

Consider —g > 5. Use the addition and/or subtraction property
of inequality fo solve.

£BRA
NATION
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Muiltiplication Property of Inequality b. X 18<9

» Ifa> b, then for any positive real number k,
ak bk.

» Ifa < b, then for any positive real number k,
ak bk.

> Ifa> b, then for any negative real number k,
ak bk.

» Ifa < b, then for any negative real number k,

ak bk 2. At 5:.00 PMin Aflanta, Georgia, Ethan noticed the

temperature outside was 72°F. The temperature
decreased at a steady rate of 2°F per hour. At what time

Th ty is t h li ith < or >.
e same property is frue when dealing with < or > was the femperature below 64°F2

Let’s Practice!

1. Find the solution set of each inequality. Express the solution
in set notation and graphically on a number line.

a. 9y+4<-T7y—-2
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Try It! BEAT THE TEST!

3. Find the solution set to the inequality. Express the solution 1. Ulysses is spending his vacation in South Carolina. He rents
in sef notation and graphically on a number line. a car and is offered two different payment options. He
can either pay $25.00 each day plus $0.15 per mile
a. —6(x—5)>42 (option A) or pay $10.00 each day plus $0.40 per mile

(option B). Ulysses rents the car for one day.

Part A: Write an inequality representing the number of
miles where opfion A will be the cheaper plan.

b. 4(x+3)=>202x—-2)

Part B: How many miles will Ulysses have to drive for
option A to be the cheaper option?

£BRA
42 NATION
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Stephanie has just been given a new job in the sales
department of Frontier Electric Authority. She has two
salary options. She can either receive a fixed salary of
$500.00 per week or a salary of $200.00 per week plus a 5%
commission on her weekly sales. The variable s represents
Stephanie’s weekly sales. Which solution set represents the
dollar amount of sales that she must generate in a week in
order for the option with commission to be the better
choice?

@ {s|s > $300.00}
® {s|s > $700.00}
© {s|s > $3,000.00}

® {s|s > $6,000.00}

w

Want some help? You can always ask questions on
' the Algebra Wall and receive help from other
’, students, teachers, and Study Experts. You can also
help others on the Algebra Wall and earn Karma
Points for doing so. Go fo AlgebraNation.com to learn
more and get started!
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Section 2 - Topic 7
Solving Compound Inequalities

Consider the following opftions.

Option A: You get to play NBA 2K after you clean your
room and do the dishes.

Option B:  You get to play NBA 2K after you clean your
room or do the dishes.

What is the difference between Option A and B2

Circle the statements that are frue.

24+9=11aond10<5+6

44+5#9and2+3>0

0>4—-60r3+2=6

15-20>00r25+35=7

Section 2: Equations and Inequalities
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These are called compound equations or inequadilities.

» When the two statements in the previous sentences
were joined by the word AND, the compound
equation or inequality is true only if
statements are true.

» When the two statements in the previous sentences
were joined by the word OR, the compound equation
or inequality is true if at least of the
statements is true. Therefore, it is also considered true if

statements are true.

Let'sgraph x < 6 and x > 1.

— -
-10-9 -8 -7-6 56-4-3-2-10 1 2 3 4 5 6 7 8 9 10

This is the
inequality.

to the compound

How many solutions does this inequality have?

Many fimes this is written as 1 < x < 6. This notation denotes the
conjunction “and.”

We read this as “x is greater than one less than six.”

44

Let’s Practice!

1. Considerx < 1 or x > 6. Could we write the inequalities
above as 1 > x > 62 Explain your answer.

2. Graph the solution set to each compound inequality on a

number line.

a. x=2o0rx>5

—
-10-9 -8 -7 6 -5 -4-3-2-10 1 2 3 4 5 6 7 8 9

b. x>60rx<6

-
-10-9 -8 -7-6-5-4-3-2-10 1 2 3 45 6 7 8 9

-
-10-9 -8 -7-6 -5-4-3-2-10 1 2 3 45 6 7 8 9

Section 2: Equations and Inequalities
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Be on the lookout for negative coefficients.
When solving inequalities, you will need to
reverse the inequality symbol when you multiply
or divide by a negative value.

3.  Write a compound inequality for the following graphs.

O

—~3—< © ©
-10-9 -8 -7 6 -5 -4 -3 2 -1 0 1 2 3 4 5 6 7 8 9 10

a. Compound inequality: [ ]

— C O
-10-9 -8 -7 -6 -5 -4-3-2-10 1 2 3 4 ‘g 6 7 8 9 10

b. Compound inequality: [ ]
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Try It

4. Graph the solution set to each compound inequality on a
number line.

a. x<lorx>38

-
-10-9 -8 -7-6 -5-4-3-2-10 1 2 3 45 6 7 8 9 10

b. x>6o0orx<4

-
-10-9 -8 -7-6 -5-4-3-2-10 1 2 3 45 6 7 8 9 10

-
-10-9 -8 -7-6 -5-4-3-2-10 1 2 3 45 6 7 8 9 10

45

Section 2: Equations and Inequalities



5.

Write a compound inequality for the following graphs.

o o ©
-10-9 -8 -7 6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 8 9

- @
-10-9 -8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4

a. Compound inequality: [

46

b. Compound inequality: [ ]

BEAT THE TEST!

Use the terms and symbols in the table to write a
compound inequality for each of the following graphs.
You may only use each term once, but you do not have
to use all of them.

3x | —-14| -6
7x < 2 or

v
|

17 15 <
3x + >

IA

Compound Inequality: [ ]

Compound Inequality: [ ]

g & o
-10—9—8-7—6—5—4—3—2—101234\5678910

Want some help? You can always ask questions on
the Algebra Wall and receive help from other
students, teachers, and Study Experts. You can also
help others on the Algebra Wall and earn Karma
Points for doing so. Go to AlgebraNation.com to learn
more and get started!

2

Algebra
Wall

Section 2: Equations and Inequalities
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-10-9 -8 -7 6 -5-4-3-2-10 1 2 3 4 5 6 7 8 9 10
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Section 2 - Topic 8 Let’s Practice!
Rearranging Formulas

1. Consider the equation rx — sx + y = z; solve for x.

Solve each equation for x.

2x+4 =12 2x+y=z
Did we use different properties when we solved the two Try It!
equations?

2. Consider the equation 8c + 6j = 5p; solve forc.

Consider the formula for the perimeter of a rectangle:
P =20+ 2w.

Sometimes, we might need the formula solved for length.

When solving for a variable, it's helpful to
circle that variable.
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BEAT THE TEST!

X —cC

3. Consider the equation = d; solve forc.

1. lIsaiah planted a seedling in his garden and recorded its
height every week. The equation shown can be used to
estimate the height, h, of the seedling after w weeks since
he planted the seedling.

h=-w+

Al w
SO

Solve the formula for w, the number of weeks since he
planted the seedling.

£BRA
NATION
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2. Under the Brannock device method, shoe size and foot Section 2 - Topic 9

length for women are related by the formula § = 3F — 21, Solution Sets to Equations with Two Variables
where S represents the shoe size and F represents the
length of the foot in inches. Solve the formula for F. Consider x + 2 = 5. What is the only possible value of x that

makes the equation a true statement?

Now consider x + y = 5. What are some solutions for x and
y that would make the equation true?

Possible solutions can be listed as ordered pairs.

Graph each of the ordered pairs from the previous problem
on the graph below.

y

= N W » 01O N 0 O O

-

-10-9-8-7-6-5-4-3-2-1 (01 2 3 4 5 6 7 8 9 1

Orx

Want some help? You can always ask questions on 5
’Q the Algebra Wall and receive help from other 6
.’ students, teachers, and Study Experts. You can also :;

help others on the Algebra Wall and earn Karma
Points for doing so. Go to AlgebraNation.com to learn 10
more and get started! Y

Algebra
Wall
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What do you notice about the points you graphed?

How many solutions are there to the equation x + y = 52

In this case, our solutions must be natural
numbers. This is called a discrete function.
Noftice that the solutions follow a linear
pattern. However, they do not form a line.

Let’s Practice! equation.

1. Taylor has 10 songs on her phone's playlist. The playlist A

features songs from her two favorite artists, Beyoncé and
Pharrell.

a. Create an equation using two variables to represent
this situation.

b. List at least three solutions to the equation that you
created.

c. Does this equation have infinitely many solutions? e. Why are fthere only positive values on this graph?

Why or why not?

50
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Try It!

2. The sum of two numbers is 15.

a.

—— =2 -
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Create an equation using two variables to represent
this situation.

List at least three possible solutions.

How many solutions are there to this equation?

Create a visual representation of all the possible
solutions on the graph.

In this case, we have a continuous function.
Notice the solutions are rational numbers and
they form a line.

3.

What if we changed the problem to say the sum of two
infegers is 152

a. Create an equation using two variables to represent
this situation.

b. Is this function discrete or continuous? Explain your
answer.

c. Represent the solution on the graph below.

A

51
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BEAT THE TEST! THIS PAGE WAS INTENTIONALLY

Elizabeth’s tablet has a combined total of 20 apps and
movies. Let x represent the number of apps and y
represent the number of movies. Which of the following
could represent the number of apps and movies on
Elizabeth’s tablet? Select all that apply.

x+y=20

7 apps and 14 movies
x—y =20

y=—-x+20

8 apps and 12 movies
xy = 20

OOO0O00O0O

where you can practice all the skills and concepfs

you learned in this section. Log in to Algebra Nation
Test Yourselft and try out the “Test Yourself! Practice Tool” so you
Practice Tool cqn see how well you know these topics!

Great job! You have reached the end of this section.
, Now it's time to fry the “Test Yourself! Practice Tool,”

52
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the videos that go along with this workbook!

Input and Output Values

A function is a relationship between input and output.

> Domain is the set of values of x used forthe __ 1 n Puk
of the function.

> Range is the set of values of y calculated from the
domain for the _&4 :l:eut of the function.
In a function, every x corresponds to only one y. |

» ycan also be written as f(x).

Narion
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The following Mathematics Florida Standards will be covered in this section:

A-APR.1.1 - Understand that polynomials form a system analogous to the integers, namely, they are closed under the operations of
addition, subtraction, and multiplication; add, subtract, and multiply polynomials.

A-SSE.1.1a - Interpret expressions that represent a quantity in terms of its context.
a. Interpret parts of an expression, such as terms, factors, and coefficients.

A-SSE.1.2 - Use the structure of an expression to identify ways to rewrite it. For example, see x* - y* as (x?) 2- (y?)? thus recognizing it
as a difference of squares that can be factored as (x?- y?)(x? + y?).

F-BF.1.1bc - Write a function that describes a relationship between two quantities.

b. Combine standard function types using arithmetic operations. For example, build a function that models the temperature of a
cooling body by adding a constant function to a decaying exponential, and relate these functions fo the model.

c. Compose functions. For example, if T(y) is the temperature in the atmosphere as a function of height, and h(t) is the height of a
weather balloon as a function of time, then T(h(t)) is the temperature at the location of the weather balloon as a function of time.

F-BF.2.3 - Identify the effect on the graph of replacing f(x) by f(x) + k, kf (x). f(kx), and f(x + k) for specific values of k (both
positive and negative); find the value of k given the graphs. Experiment with cases and illustrate an explanation of the effects on the
graph using fechnology. Include recognizing even and odd functions from their graphs and algebraic expressions for them.

F-IF.1.1 - Understand that a function from one set (called the domain) to another set (called the range) assigns to each element of
the domain exactly one element of the range. If f is a function and x is an element of its domain, then f(x) denotes the output of f
corresponding fo the input x. The graph of f is the graph of the equation y = f(x).

F-IF.1.2 - Use function notation, evaluate functions for inputs in their domains, and interpret statements that use function notation in
ferms of a context.

F-IF.2.4 - For a function that models a relationship between two quantities, interpret key features of graphs and tables in terms of the
quantities, and sketch graphs showing key features given a verbal description of the relationship. Key features include: intercepts;
intervals where the function is increasing, decreasing, positive, or negative; relative maximums and minimums; symmetries; end
behavior; and periodicity.

F-IF.2.5 - Relate the domain of a function to its graph and, where applicable, to the quantitative relationship it describes. For
example, if the function h(n) gives the number of person-hours it takes to assemble n engines in a factory, then the positive
integers would be an appropriate domain for the function.

F-IF.2.6 - Calculate and interpret the average rate of change of a function (presented symbolically or as a table) over a
specified interval. Estimate the rate of change from a graph.

£BRA
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Section 3: Introduction to Functions
Section 3 - Topic 1
Input and Output Values

A function is a relationship between input and output.

» Domain is the set of values of x used for the
of the function.

» Range is the set of values of y calculated from the
domain for the of the function.
In a function, every x corresponds to only one y.

» ycan also be written as f(x).

Consider the following function.

1 25
2 50
3 75

Forevery «x there is a unique y .
input output
domain range
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We also refer to the variables as independent and
dependent. The dependent variable the
independent variable.

Refer to the mapping diagram on the previous page.

Which variable is independent?e

Which variable is dependent?

Consider a square whose perimeter depends on the length of
its sides.

What is the independent variable?

What is the dependent variable?

How can you represent this situation using function notation?

We can choose any letfter to represent a
function, such as f(x) or g(x), where x is the
input value. By using different letters, we show
that we are talking about different functions.

55
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Let’s Practice!

1.

56

You earn $10.00 per hour babysitting. Your total earnings
depend on the number of hours you spend babysitting.

a. Whatis the independent variable?

b. Whatis the dependent variable?

c. How would you represent this situation using function
notation?

The table below represents a relation.

" a. Is the relation also a function?
y Justify your answer.
-3 5
0 4
b. If the relation is not a function,
2 6 what number could be changed
3 8 to make it a function?

Try It

3.

Mrs. Krabappel is buying composition books for her
classroom. Each composition book costs $1.25.

a. What does her total cost depend upon?

b. What are the input and output?

c. Write a function to describe the situation.

d. If Mrs. Krabappel buys 24 composition books, they will
cost her $30.00. Write this function using function
notation.

£BRA
NATION
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4. Consider the following incomplete mapping diagrams. BEAT THE TEST!

1. Isaac Messiis disorganized. To encourage Isaac to be
Diagram A Diagram B Diagram C more organized, his father promised to give him three
dollars for every day that his room is clean and his

schoolwork is organized.
Part A: Define the input and output for the given
scenario.
Input:
a. Complete Diagram A so that it is a function.
Output:

b. Complete Diagram B so that it is NOT a function.

Part B:  Write a function to represent this situation.

c. Isit possible to complete the mapping diagram for
Diagram C so it represents a function? If so, complete
the diagram to show a function. If not, justify your
reasoning.
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The cost to manufacture x pairs of shoes can be
represented by the function C(x) = 63x. Complete the
statement about the function.

If C(6) =378, then 0 pairs of shoes cost
6
63
378

Which of the following relations is not a function?

© {(=3,-3), (2,1), (5, =2)}

Want some help? You can always ask questions on
Q the Algebra Wall and receive help from other
’, students, teachers, and Study Experts. You can also
help others on the Algebra Wall and earn Karma
Points for doing so. Go to AlgebraNation.com to learn
more and get started!

Algebra
Wall
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Section 3 - Topic 2
Representing, Naming, and Evaluating Functions

A ballis thrown into the air with an initial velocity of 15 meters
per second. The quadratic function h(t) = —4.9t% + 15¢ + 3
represents the height of the ball above the ground, in meters,
with respect to time t, in seconds.

Determine h(2) and explain what it represents.

Is —3 a reasonable input for the function?@

The graph below represents the height of the ball with respect
to fime.

Height of the Ball Over Time
!
20
18
16
14
12
10

Height (in meters)

0 05 115 2 25 3 35 4 45
Time (in seconds)

What is a reasonable domain for the function?

What is a reasonable range for the function?2

£BRA
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Let’s Practice!

1.  Onthe moon, the time, in seconds, it takes for an object
to fall a distance, d, in feet, is given by the function

f(d) = 1.11V/d.

a. Determine f(5) and explain what it represents.

b. The South Pole-Aitken basin on the moon is 42,768 feet
deep. Determine a reasonable domain for a rock
dropped from the rim of the basin.

2. Floyd drinks two Mountain Dew sodas in the morning. The
function that represents the amount of caffeine, in
milligrams, remaining in his body after drinking the sodas is
given by f(t) = 110(0.8855)" where t is time in hours. Floyd
says that in two days the caffeine is completely out of his
system. Do you agree? Justify your answer.
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Try It

3.

Medical professionals say that 98.6°F is the normal body
temperature of an average person. Healthy individuals’
temperatures should not vary more than 0.5°F from that
temperature.

a. Write an absolute value function f(t) to describe an
individual’s variance from normal body temperature,
where t is the individual’s current temperature.

b. Determine f(101.5) and describe what that tells you
about the individual.

c. Whatis areasonable domain for a healthy individual?
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BEAT THE TEST! Section 3 - Topic 3
Adding and Subtracting Functions

The length of a shipping box is two inches longer than the

width and four times the height. Let h(x) = 2x2 + x — 5 and g(x) = —3x? + 4x + 1.

Part A: Write a function V(w) that models the volume of Find h(x) + g(x).
the box, where w is the width, in inches.

Part B: Evaluate V(10). Describe what this tells you about
the box.

Find h(x) — g(x).

’, students, teachers, and Study Experts. You can also

Want some help? You can always ask questions on
' the Algebra Wall and receive help from other

help others on the Algebra Wall and earn Karma
Points for doing so. Go to AlgebraNation.com to learn
more and get started!

Algebra
Wall
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Let’s Practice!
1. Consider the following functions.
flx)=3x>+x+2
gx) =4x*+2(Bx—4)
h(x) =5(x? - 1)

a. Find f(x) — gx).

b. Find g(x) — h(x).
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Try It
2. Recall the functions we used earlier.
fx)=3x2+x+2
g(x) =4x*+2(3x —4)
h(x) =5(x? —1)

a. Letm(x) be f(x) + g(x). Find m(x).

b. Find h(x) — m(x).

Section 3: Introduction to Functions
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BEAT THE TEST!

Consider the functions below.

flx)=2x*+3x-5
gx) =5x%+4x—1

Which of the following is the resulting polynomial when
f(x) is subtracted from g(x)¢

W —3x%2—x—-4
® —3x24+7x—-6
© 3x?4+x+4

© 3x24+7x—6

Want some help? You can always ask questions on
the Algebra Wall and receive help from other
students, teachers, and Study Experts. You can also
help others on the Algebra Wall and earn Karma
Points for doing so. Go to AlgebraNation.com to learn
more and get started!

Algebra
Wall
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Section 3 - Topic 4
Multiplying Functions

Use the distributive property and modeling to perform the
following function operations.

Let f(x) =3x%2 4+ 4x + 2 and g(x) = 2x + 3.

Find f(x) - g(x).

Section 3: Introduction to Functions
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Let m(y) = 3y®> —2y2+ 8 and p(y) = y? — 2.

Find m(y) - p().

Let’s Practice!
1. Leth(x)=x—-1and g(x) =x3 + 6x%—5.

Find h(x) - g(x).
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Try It!

2. The envelope below has a mailing label.

W(x)=6x+5<

a.

64

b. What does the function A(x) represent in this
problem?

L(x) =6x+5
N
- ~

=

M(x)fx+4
~ ~

MR. AL GEBRA
123 INFINITY WAY

POLYNOMIAL, XY 11235

N(x) =x+2

Let A(x) = L(x) - W(x) — M(x) - N(x). Find A(x).

Section 3: Introduction to Functions
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BEAT THE TEST!

1. The length of the sides of a square are s inches long.
A rectangle is six inches shorter and eight inches wider
than the square.

Part A: Express both the length and the width of the

rectangle as a function of a side of the square.

Part B:  Write a function to represent the area of the
rectangle in terms of the sides of the square.
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Felicia needs to find the area of a rectangular field in her
backyard. The length is represented by the function

L(x)

= 4x* — 3x? + 6 and the width is represented by the

function W(x) = x + 1. Which of the following statements is
correct about the area, A(x), of the rectangular field in
Felicia’'s backyard? Select all that apply.

O

O
O
O

a

A(x) = 2[L(x) + W(x)]
The resulting expression for A(x) is a fifth-degree
polynomial.
The resulting expression for A(x) is a polynomial with a
leading coefficient of 5.
The resulting expression for A(x) is a binomial with a
constant of 6.

A(x)

W(x) = m

Q Want some help? You can always ask questions on

,’ students, teachers, and Study Experts. You can also

Algebra

Wall

the Algebra Wall and receive help from other

help others on the Algebra Wall and earn Karma
Points for doing so. Go to AlgebraNation.com to learn
more and get started!

65
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Section 3 - Topic 5
Closure Property

When we add two integers, what type of number is the sum?

When we multiply two irrational numbers, what type of
numbers could the resulting product be?

Asetis for a specific operation if and only if the
operation on two elements of the set always produces an
element of the same set.

Are integers closed under addition? Justify your answer.

Are irrational numbers closed under multiplication?2 Justify your
answer.

66

Let's apply the closure property to polynomials.

Are the following statements frue or false? If false, give a
counterexample.

Polynomials are closed under addition.

Polynomials are closed under subtraction.

Polynomials are closed under multiplication.

Section 3: Introduction to Functions
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Let’s Practice! Try I

1. Check the boxes for the following sets that are closed 2. Ms. Sanabria claims that the closure properties for

under the given operations. polynomials are analogous to the closure properties for
integers. Mr. Roberts claims that the closure properties for
polynomials are analogous to the closure properties for

whole numbers. Who is correct? Explain your answer.
Set + - X
{0,1,2,3,4,..} O O O
{..,—4,—3,-2,—1} O| o O
{..,—3,-2,-1,0,1,2,3,..} O| o | O
{rational numbers} (| a O
{polynomials} O O O
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BEAT THE TEST! Section 3 - Topic 6

Real-World Combinations and Compositions of
1. Choose from the following words and expressions to Functions

complete the statement below.

There are many times in real world situations when we must
s 2 2 3 combine functions. Profit and revenue functions are a great
‘ 2x” + (3y) 2 ‘ ‘ (5y)" +4x +3y ‘ example of this.

‘ 5y~1 + 7x? + 8y? ‘

Let’s Practice!

| integers | | variables | | whole numbers |
| coefficients | rational | exponents | 1. At the fall festival, the senior class sponsors hayrides to
numbers raise money for the senior trip. The ticket price is $5.00 and
each hayride carries an average of 15 people. They
The product of 5x* — 3x2 + 2 and consider raising the ticket price in order to earn more
money. For each $0.50 increase in price, an average of 2
illustrates the closure property because the fewer seafts will be sold. Let x represent the number of

of the product are , $0.50 increases.

and the product is a polynomial. a. Write a function, T(x), to represent the cost of one
tficket based on the number of increases.

b. Write a function, R(x), to represent the number of
riders based on the number of increases.

c. Write arevenue function for the hayride that could be
used to maximize revenue.

Want some help? You can always ask questions on
‘ the Algebra Wall and receive help from other
,’ students, teachers, and Study Experts. You can also
help others on the Algebra Wall and earn Karma
Points for doing so. Go to AlgebraNation.com to learn
more and get started!

Algebra
Wall
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Try It!

2.
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The freshman class is selling t-shirts fo raise money for a
field frip. The cost of each custom designed t-shirt is $8.
There is a $45 fee to create the design. The class plans to
sell the shirts for $12.

a. Define the variable.

b. Write a cost function.

c. Write arevenue function.

d. Write a profit function.

Let’s Practice!

3.

Priscilla works at a cosmetics store. She receives a weekly
salary of $350 and is paid a 3% commission on weekly
sales over $1500.

a. Let xrepresent Priscilla’s weekly sales. Write a function,
f(x), to represent Priscilla’s weekly sales over $1500.

b. Letxrepresent the weekly sales on which Priscilla
earns commission. Write a function, g(x), to represent
Priscilla’s commission.

c. Write a composite function, (g o f)(x) to represent the
amount of money Priscilla earns on commission.

69
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Try It!

4.

70

A landscaping company installed a sprinkler that rotates
and sprays water in a circular pattern. The water reaches
its maximum radius of 10 feet after 30 seconds. The
company wants to know the area that the sprinkler is
covering at any given time after the sprinkler is turned on.

a. Let trepresent the time in seconds after the sprinkler is
turned on. Write a function, r(t). to represent the size
of the growing radius based on time after the sprinkler
is furned on.

b. Letrrepresent the size of the radius at any given time.

Write a function, A(r), to represent the area that the
sprinkler covers at any given time, in seconds.

c. Write a composite function, A(r(t)) to represent the
area based on the time, in seconds, after the sprinkler
is turned on.

BEAT THE TEST!

A furniture store charges 6.5% sales tax on the cost of the
furniture and a $20 delivery fee. (The delivery fee is not
subject to sales tax.)

The following functions represent the situation:
f(a) = 1.065a
g) =b+20

Part A: Write the function g(f(a)).

Part B: Match each of the following to what they
represent. Some letters will be used twice.

a A. The cost of the furniture,
sales tax, and delivery fee.

b B. The cost of the furniture and
sales tfax.

f(a) C. The cost of the furniture.

g(b)

g(f(a)

,' students, teachers, and Study Experts. You can also

Want some help? You can always ask questions on
' the Algebra Wall and receive help from other
help others on the Algebra Wall and earn Karma
Algebra  pqints for doing so. Go to AlgebraNation.com to learn
Wall
more and get started!
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Section 3 - Topic 7
Key Features of Graphs of Functions — Part 1

Let's review the definition of a function.

Every input value (x) corresponds to
output value (y).

Consider the following graph.
y

54321001 2 ™4 5 "

v

How can a vertical line help us quickly determine if a graph
represents a function?

We call this the vertical line test. Use the vertical line test to
determine if the graph above represents a function.
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Important facts:

» Graphs of lines are not always functions. Can you
describe a graph of a line that is not a function?

» Functions are not always linear.

Sketch a graph of a function that is not linear.

<

o= N W » OO0 N © O O

098765432101 23456780910 %

Section 3: Introduction to Functions
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Let’s Practice!

1. Use the vertical line test to determine if the following

graphs are functions.
y y

01 2 3 45

Try It

2. Which of the following graphs represent functionse Select
all that apply.

72

3. Consider the following scenarios. Determine if each one
represents a function or not.

a. An analyst takes a survey of people about their
heights (in inches) and their ages. She then relates
their heights to their ages (in years).

b. A geomefry student is dilating a circle and analyzes
the area of the circle as it relates to the radius.

c. A teacher has aroster of 32 students and relates the
students’ letter grades to the percent of points
earned.

d. A boy throws a tennis ball in the air and lets it fall fo
the ground. The boy relates the time passed to the
height of the ball.

£BRA
NATION
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It's important to understand key features of graphs.

> An x-intercept of a graph is the location where the
graph crosses the

» The y-coordinate of the x-intercept is always

» The y-intercept of a graph is the location where the
graph crosses the

» The x-coordinate of the y-intercept is always

» The x-intercept is the to f(x) =0.

All of these features are very helpful in understanding
real-world context.
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Let’s Practice!

4. Consider the following graph that represents the height, in
feet, of a water balloon dropped from a 2nd story window
after a given number of seconds.

Water Balloon Dropping

A

. N N
(6] o (&)}

Height (in feet)

—
o

0 0.5 1 1.5 2 2.5
Time (in seconds)

a. Whatis the x-intercept?

b. Whatis the y-intercepte

c. Label the intercepts on the graph.

73
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Try It!
5. Refer to the previous problem for the following questions.

a. What does the y-intercept represent in this real-world
context?

b. What does the x-intercept represent in this real-world
context?e

c. Whatis the solution to this situation?

Want some help? You can always ask questions on
the Algebra Wall and receive help from other
students, teachers, and Study Experts. You can also
help others on the Algebra Wall and earn Karma
Points for doing so. Go to AlgebraNation.com to learn
more and get started!

Algebra
Wall
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Section 3 - Topic 8
Key Features of Graphs of Functions — Part 2

Let’s discuss other key features of graphs of functions.

» Domain: the input or the values.

» Range: the or the y-values.

» Increasing intervals: as the x-values
the y-values

» Decreasing intervals: as the x-values

the y-values

» Relative maximum: the point on a graph where the
interval changes from fo

» Relative minimum: the point on a graph where the
interval changes from fo

We read a graph from left to right to determine
if it is increasing or decreasing, like reading a
book.

Section 3: Introduction to Functions
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Let’s Practice!

1.
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Try It

Use the following graph of an absolute value function to 2. Use the graph of the following quadratic function to
answer the questions below.

RA
N

y

A

- N W b~ O

- e
-5-4-3-2-10 1 2 3 4 5

Define the domain.

Define the range.

Where is the graph increasing?

Where is the graph decreasing?

Identify any relative maximumes.

Identify any relative minimums.

answer the questions below.

-5-4-3-2-)Y O\l 2 3 4 5

a. Define the domain.

b. Define the range.

c. Where is the graph increasing?

d. Where is the graph decreasing?

e. ldentify any relative maximums.

f.  Identify any relative minimumes.

Section 3: Introduction to Functions
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3.

76

Describe everything you know about the key features of
the following graph of an exponential function.

y

5

4

3

2
, A N
-5-4-3-2-10 1 2 3 4 5>

BEAT THE TEST!

The following graph is a piecewise function.
y

10A

6 /
N

-4 -2 0 2 4 6 8 1

~ag
-10 -8 -6

Which of the following statements are true about the
graphe Select all that apply.

The graph is increasing when the domain is
—-6<x<—4.

The graph has exactly one relative minimum.
The graph is increasing when —4 < x < 0.

The graph is increasing when x > 4.

The graph is decreasing when the domain is
{x|lx < —6Ux > 2}

Therangeis{y|0 <y <4 U y > 5}.

There is a relative minimum at (2, 2).

o0 oOoooo O

Want some help? You can always ask questions on
the Algebra Wall and receive help from other
students, teachers, and Study Experts. You can also
help others on the Algebra Wall and earn Karma
Points for doing so. Go to AlgebraNation.com to learn
more and get started!

2

Algebra
Wall
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Section 3 - Topic 9
Average Rate of Change Over an Interval

Consider the following graph of the square root function

flx)=vx.

y
5
4
: (4,2)
2
b f(x)
]
- 04200 X
-5-4-3-2-1 |01 2 3 4 5
-1
-2
-3
-4

Draw a line connecting a and b.

Determine the slope of the line between the interval [a, b].

For every two poinfs x; and x,, where x; # x,, (x4, 1) and
(x5, y,) form a straight line and create a

To determine the average rate of change for any function
f(x) over an interval, we can use two points (x,, ) and
(x4, ) that lie on that interval.

The process to find the slope of a linear function is:

Y2—M1
X2 — X1

m=

We can also use the slope formula to find the average rate of

change over an interval [a, b], where x; = a and x, = b.

Lot GEBRA

Let’s Practice!

1.

Tom is jumping off the diving board at the city pool. His
height is modeled by the quadratic function

h(t) = —16t? + 16t + 20, where h(t) represents height
above water (in feet), and t represents fime after jumping
(in seconds).

Tom's Jump info the Pool

o5 b (0.5,24)
= 20
()]
0
£ 15
5
2 10
T
5
d
0 0.5 1 1.5

Time (in seconds)

a. Determine the average rate of change for the
following intervals.

[a, b]
[b,c]
[c,d]
b. Compare Tom's average rate of change over the

interval [a, b] with his average rate of change over the
interval [b, c]. What does this represent in real lifee

77
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Try It!

2. Consider the table for the exponential function, p(x) = 3%,

shown below.

78

Point X p(x)
M 0 1
N 1 3
R 2 9
T 3 27

Determine the average rate of change over the
interval [N, T].

Compare the average rate of change over the
interval [M, N] with the average rate of change over
the interval [R, T].

3.

Determine the intervals that have the same average rate
of change in the graph j(x) = Vx below.

Q

Section 3: Introduction to Functions
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BEAT THE TEST!

Suppose that the cost of producing r radios is defined by
c(r) = 300 + 157 — 0.3r2. Determine which of the following
intervals has the greatest average rate of change for the
cost to produce a radio.

@ Between 20 and 25 radios.
® Between 60 and 65 radios.
Between 5 and 10 radios.
Between 30 and 35 radios.

=N
©

2.

Consider the absolute value function f(x) and the step
function g(x) in the graphs below.
f(x) g(x)
y
104
d
d e q r
o—e 5! o—e
L g, ¥
h i & m
—‘;0—8—5—4:??;; 4 6 8 ?’@x

S
-t

Which of the following is frue about the rate of change of
the graphse

)

tf>)

The average rate of change for f(x) over the interval

[b, c] is greater than the average rate of change for

g(x) over the interval [j, k].

® The average rate of change for f(x) over the interval
[a, c] is greater than the average rate of change for
g(x) over the interval [d, r].

© The average rate of change for f(x) over the interval
[a,b] is —=.

® The average rate of change for g(x) over the interval

[d,j]1s —.

Want some help? You can always ask questions on
the Algebra Wall and receive help from other
students, teachers, and Study Experts. You can also
help others on the Algebra Wall and earn Karma
Points for doing so. Go to AlgebraNation.com to learn
more and get started!

Algebra
Wall
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Section 3 - Topic 10
Transformations of Functions

The graph of f(x) is shown below.

80

The following graphs are tfransformations of f(x). Describe
what happened in each graph.

f(x)+2 f(x)—1
y y
10k 10
8
6
4 {
: 4
s 52202 46 810" s - i I
2 1C863\4/2_2{02468 0
-4 —41
-6 —s{
-8 —8!
10§ —10*
flx+2) fix—-1)
y y
3 'IOA
8|
6|
4
02 4 6 8 107 —‘70—8—6—4¥2'102468hx
-2
-4 —4|
- |
-8 -8
10\ -10y

Which graphs transformed the independent variable?¢

Which graphs tfransformed the dependent variable?

£BRA
NATION
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Let’s Practice! 2. The following table represents the function g(x).
1. For the following functions, state whether the independent x g
or dependent variable is being tfransformed and describe
the transformation (assume k > 0). -2 0.25
a. fe)+k -1 0.5
0 1
1 2
b. f(x)—k 2 4
The function h(x) = g(2x). Complete the table for h(x).
C. x+k
I ) x 9(2x) h(x)
-1 92(=1)
—-0.5 g(2(-0.5))
d. f(x—k)
0
0.5
1
RA
\irioN
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Try It!

3.

4. The graph of f(x) is shown below.

The table below shows the values for the function f(x). y
x -2 -1 2 1 OA
f(x) 4 2 8
6
Complete the table for the function —%f(x). 4
1 2
x —5f(x)
2 - ol /7\ o x
-2 =10 -8 -2 2 6 8 10
—2
-1
0 -4
) -
2 f(x)
un Ov
Letg(x) = f(x+3) —2.
Graph g(x) on the coordinate plane with f(x).
[ ALGEBRA
82 '\‘fKTEION
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BEAT THE TEST!

1. The graph of f(x) is shown below.

y

104

0
8
6
4
2
0

-10Y

Let g(x) = f(x —3) and h(x) = f(x) — 3.

Graph g(x) and h(x) on the coordinate plane with f(x).
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The table below shows the values for the function

p(x).
x —4 -1 2 3
p(x) 12 6 4 8 10

Complete the table for the function %p(x) - 3.

1
x Ep(x) -3

’4

Test Yourself!
Practice Tool

Great job! You have reached the end of this section.

Now it's time to try the “Test Yourself! Practice Tool,”
where you can practice all the skills and concepts
you learned in this section. Log in to Algebra Nation
and try out the “Test Yourselfl Practice Tool” so you
can see how well you know these topics!

Section 3: Introduction to Functions
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Section 4: Linear Equations, Functions, and Inequalities

TOPRIC 1: ANTNMETIC SEQUENCES ...ttt e e e e e e e e ettt e e e e e e e e e ee e e ettt b aaereeaaeeeeeeenenstaraeeeeeens
Topic 2: Rate of ChANGe Of LINEAI FUNCTIONS ... ..iiiiiieeiee ettt et et e et e e et e e e s aaeeetaeeesssaeesnsseesnsseeensneeeensees
Topic 3: Interpreting Rate of Change and y-Intercept in a Real-World Context - Part 1.,
Topic 4: Interpreting Rate of Change and y-Intercept in a Real-World Context - Part 2.......coccvvevciieeiiie e
TopicC 5: INfrodUCTion 1O SYSTEMS Of EQUOTIONS ...ttt e e e e et e et e e e e e e e e eeeeeaaaareraeeeens
Topic 6: Finding Solution Sets to Systems of Equations Using Substitution and Graphing ........ccceeeecieevciieecciieecieeeeee,
Topic 7: Using Equivalent Systems Of EQUOTIONS .......uviiiiieeee ettt e et e e e e e st e e e e e natae e e e eananaeeeas
Topic 8: Finding Solution Sets to Systems of Equations Using EMINGTION ........eiiiiiiiiieiieiiee e
Topic 9: Solution Sets o Inequalities With TWO VAFQDIES. ...

Topic 10: Finding Solution Sets to Systems of LINEAr INEQUANITIES ......ccuviiiiiiciiee e

Visit AlgebraNation.com or search "Algebra Nation" in your phone or tablet's app store to watch
the videos that go along with this workbook!

Arithmetic Sequences

Let's look at the following sequence of numbers:
3,8,13,18,23, ....

> The“..." at the end means that thisﬁf_g\um

goes on forever.

> 3,8,13,18, and 23 are the actual m of this

sequence.
> There are 5 terms in this sequence so far:

o 3isthe 1stterm.
8is the 2nd term. s
: 3

o 13isthe 32 term.

410 ic dlo udn

Section 4: Linear Equations, Functions, and Inequalities
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The following Mathematics Florida Standards will be covered in this section:

A-CED.1.2 - Create equations in two or more variables to represent relationships between quantities; graph equations on coordinate
axes with labels and scales.

A-CED.1.3 - Represent constraints by equations or inequalities, and by systems of equations and/or inequalities, and interpret solutions
as viable or non-viable options in a modeling context. For example, represent inequalities describing nutritional and cost constraints
on combinations of different foods.

A-REL3.5 - Prove that, given a system of two equations in two variables, replacing one equation by the sum of that equation and a
multiple of the other produces a system with the same solutions.

A-REL3.6 - Solve systems of linear equations exactly and approximately (e.g., with graphs), focusing on pairs of linear equations in two
variables.

A-REL4.10 - Understand that the graph of an equation in two variables is the set of all its solutions plotted in the coordinate plane,
often forming a curve (which could be aline).

A-REL.4.11 - Explain why the x-coordinates of the points where the graphs of the equations y = f(x) and y = g(x) intersect are the
solutions of the equation f(x) = g(x); find the solutions approximately, e.g., using technology to graph the functions, make tables of
values, or find successive approximations. Include cases where f(x) and/or g(x) are linear, rational, absolute value, and exponential
functions.

A-REL.4.12 - Graph the solutions to a linear inequality in two variables as a half-plane (excluding the boundary in the case of a strict
inequality), and graph the solution set to a system of linear inequalities in two variables as the intersection of the corresponding half-
planes.

F-BF.1.1 - Write a function that describes a relationship between two quantities.
a. Determine an explicit expression, a recursive process, or steps for calculation from a context.

F-IF.1.3 - Recognize that sequences are functions, sometimes defined recursively, whose domain is a subset of the integers. For
example, the Fibonacci sequence is defined recursively by f(0) = f(1) =1, f(n+ 1) =f(n)+ f(n—1)forn > 1.

F-IF.3.7a - Graph functions expressed symbolically and show key features of the graph, by hand in simple cases and using technology
in more complicated cases.
a. Graph linear and quadratic functions and show intercepts, maxima, and minima.

F-LE.1.2 - Construct linear and exponential functions, including arithmetic and geometric sequences, given a graph, a description of a
relationship, or two input/output pairs (including reading these from a table).

F-LE.2.5 - Interpret the parameters in a linear or exponential function in terms of a context.

$-1D.3.7 - Interpret the slope (rate of change) and the intercept (constant term) of a linear model in the context of the data.

N-Q.1.1 - Use units as a way to understand problems and to guide the solution of multi-step problems; choose and interpret units
consistently in formulas; choose and interpret the scale and the origin in graphs and data displays.

N-Q.1.2 - Define appropriate quantities for the purpose of descriptive modeling.

BRA
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Section 4: Linear Equations, Functions, and
Inequalities

Section 4 - Topic 1
Arithmetic Sequences

Let’s look at the following sequence of numbers:
3,8,13,18,23,....

> The "..." at the end means that this
goes on forever.

> 3,8,13,18, and 23 are the actual of this
sequence.

> There are 5 terms in this sequence so far:

3is the 15t term.

8 is the 2nd term.

13 is the tferm.
18 is the term.
23 is the ferm.

O O O O O

This is an example of an arithmetic sequence.

» Thisis a sequence where each term is the

of the previous term and a common difference, d.
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We can represent this sequence in a table:

le:‘g'er Se?:fgce Term Function Notation
1 a, 3 f(1) | aformula fo find the 15t term
2 a, 8 a formula to find the 2nd term
3 as 13 f(3) |aformulatofindthe _ ferm
4 a, f(4) |aformula to findthe __ term
5 as a formula fo find the ____ term
n a, f(n) |aformulatofindthe __ term

How can we find the 9th term of this sequence?

Section 4: Linear Equations, Functions, and Inequalities
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One way is to start by finding the previous term:

NIJ?rrlr;er Se?:rer:ce Term Function Notation

1 a; 3 f(1) |3

2 a, 8=3+__ f(2) |3+5

3 as 13=8+____ f(3) |8+5

4 a, 18=13+____ | | f(4) |13+5

5 as 23=___+5 f() |18+5

6 ag f(6) |23+5

7 a; f(7) 2845

8 ag f(@8) |33+5

9 g f(9) |38+5

Write a general equation that we could use to find any term in
the sequence.
This is a recursive formula.

» In order to solve for a term, you must know the value
of its preceding term.

Can you think of a situation where the recursive formula would
take along time to use?

88

Let’s look at another way to find unknown terms:

Term |Sequence Term Function

Number Term Notation
1 a; 3 f)|3
2 a, 8=3+5 f(2)[3+5(1)
3 as 13=8+4+5=3+5+5 f3) |a; +5(2)
4 a, 18=13+5=3+5+5+5 f(4) |a; +5(@3)
5 as 23=184+5=3+5+5+5+5 f(5) |a, +5(4)
6 % SCFCITTTY f®)]ai+56)
’ A T @) a4 56)
8 Ge §8+=5 135++55=+ 5454545 (8
K %o ;}3:5 185++55=+ 545+5+54+5 | |/

Write a general equation that we could use to find any term in
the sequence.

This is an explicit formula.

» To solve for a term, you need to know the first term of
the sequence and the difference by which the
sequence is increasing or decreasing.

£BRA
NATION
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Let’s Practice!

1. Consider the sequence 10,4, -2, -8, ....

a. Write arecursive formula for the sequence.

b. Write an explicit formula for the sequence.

c. Find the 42nd term of the sequence.

Try It!

2. Consider the sequence 7,17,27,37, ....

a. Find the next three terms of the sequence.

b. Write arecursive formula for the sequence.

c. Write an explicit formula for the sequence.

d. Find the 33 term of the sequence.
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BEAT THE TEST!

Yohanna is conditioning all summer to prepare for her high
school’s varsity soccer team tryouts. She is incorporating
walking planks into her daily training plan. Every day, she
will complete four more walking planks than the day
before.

Part A:  Yohanna starts with five walking planks on the first
day. Write an explicit formula that can be used to
find the number of walking planks she completes
on any given day.

Part B:  How many walking planks will Yohanna do on the

12th day?e
w49
® 53
© 59
© 64

89
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The following figures were created with squares, where

each side of the squares has a length of exactly one unit.

A, represents the area of the first figure, A, represents the
area of the second figure, and so on. Based on this
pattern, what would be the rule for the area of the nt"
figure whenn > 1?

Ai=1 A, =4 A3 =7
n=1 n=2 n=3
N A, =24,1—2
® A,=24,_,+4
o A,=4,_1+3
o A, =A,1+2

o

Algebra

Want some help? You can always ask questions on
the Algebra Wall and receive help from other
students, teachers, and Study Experts. You can also
help others on the Algebra Wall and earn Karma
Points for doing so. Go to AlgebraNation.com to learn
more and get started!

>

Wall
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Section 4 - Topic 2

Rate of Change of Linear Functions

Génesis reads 16 pages of The Fault in Our Stars every day.

Zully reads 8 pages every day of the same book.

Represent both situations on the graphs below using the same

scales on the axes for both graphs.

Graph 1: Génesis's Reading
Speed

Graph 2: Zully’s Reading
Speed

Section 4: Linear Equations, Functions, and Inequalities
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Aaron loves Cherry Coke. Each mini-can contains 100 calories.

Jacobe likes to munch on carrot snack packs. Each snack
pack contains 40 calories.

Represent both situations on the graphs below using the same

scales for both graphs.

Graph 3: Aaron'’s
Calorie Intake

Graph 4: Jacobe's
Calorie Intake

In each of the graphs, we were finding the rate of change in
the given situation.
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What is the rate of change for each of the graphs?

Graph 1: per
Graph 2: per
Graph 3: per
Graph 4: per

This is also called the of the line.

change iny r rise

We can also find slope by looking at the change inx o

What is the slope of the following graph? What does the slope
represente

Miles per Hour
300

250

200

Miles

150

100

50

91
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Let’s Practice! 2. Freedom High School collected data on the GPA of
various students and the number of hours they spend
1. Consider the following graph. studying each week. A scatterplot of the data is shown
below with the line of best fit.

Keisha's Vacation Souvenirs GPAs vs Time Spent Studying

A sk

12 *

10

Souvenirs Purchased
GPA

0
0 1 2 3 4.5 6 0024681012141618%
Days of Vacation

Hours Spent Studying Each Week

1 2
a. Whatis the rafe of change of the graphs a. What s the slope of the line of best fit2

b. What does the rate of change represent?

b. What does the slope represent?e

£BRA
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Try It!

3. Sarah’s parents give her a $100.00 allowance af the
beginning of each month. Sarah spends her allowance on
comic books. The graph below represents the amount of
money Sarah spent on comic books last month.

Sarah’s Expenses

110‘

100¢
90 *
80 *
70 ¢
60 *
50 *
40
30
20
10

0

Amount of Allowance Left
(in Dollars)
L 2

012345678910>

Number of Comic Books Purchased

a. Whatis the rate of change?

b. What does the rate of change represent?
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BEAT THE TEST!

A cleaning service cleans many apartments each day.
The following table shows the number of hours the
cleaners spend cleaning and the number of apartments
they clean during that time.

Apartment Cleaning

Time (Hours) 1 2 3

Apartments Cleaned 2 4 6 8

Part A: Represent the situation on the graph below.

A

Y

Section 4: Linear Equations, Functions, and Inequalities
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Part B: The data suggest a linear relationship between Section 4 - Topic 3
the number of hours spent cleaning and the Interpreting Rate of Change and y-Intercept
number of apartments cleaned. Assuming the in a Real-World Context - Part 1
relationship is linear, what does the rate of
change represent in the context of this
relationship?

The T-Mobile ONE family plan includes four lines and unlimited
data, calls, and texts for $160.00 per month, including taxes

and fees. There is an activation fee of $80.00.
@ The number of apartments cleaned after one

hour. ) Define the variable and write a function that represents this
®  The number of hours it took to clean one situation.

apartment.
© The number of apartments cleaned each

hour.

©  The number of apartments cleaned before

the company started cleaning. Represent the situation on a graph.

i
Part C: Which equation describes the relationship

between the time elapsed and the number of
apartments cleaned?

W y=x

® y=x+2
© y=2x

© y=2x+2

the Algebra Wall and receive help from other
,’ students, teachers, and Study Experts. You can also What is the slope of the line2 What does the slope represent?
help others on the Algebra Wall and earn Karma
Points for doing so. Go to AlgebraNation.com to learn
more and get started!

Q Want some help? You can always ask questions on

Algebra
Wall

94
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At what point does the line intersect the y-axise What does this
point represente

The y-value of the point where the graph intersects the y-axis is
the y-intercept.
Let’s Practice!

1. You saved $250.00 to spend over the summer. You decide
to budget $25.00 to spend each week.

a. Define the variable and write a function that
represents this situation.
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Represent the situation on a graph.

A

What is the slope of the line2 What does the slope
represente

What is different about the slope of this line compared
to our earlier problem?e Why is it different?

What is the y-intercept? What does this point
represente

95
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Try It! Consider the three functions that you wrote regarding the cell
phone plan, summer spending habits, and the community
2. Consider the following graph. pool membership. What do you notice about the constant

. . term and the coefficient of the x ferm?
Cost of Visits to the Community Pool

- » The constant termis the

14A .

12 . > The coefficient of the x is the or
5
S 10 *
©
c L 2 o . .
py 8 These functions are written in slope-intercept form.
O
O 6 .
© We can use slope-intercept form to graph any linear equation.
8 4¢

2

0 B e —— The coefficient of x is the slope and the

- constant term is the y-intercept ONLY if the
Number of Visits to the

Commurnity Pool equation is in slope-intercept form, y = mx + b.

a. Whatis the slope of the linee What does the slope
represent?e

b. Whatis the y-intercept? What does the y-intercept
represente

c. Define the variables and write a function that
represents this situation.

Want some help? You can always ask questions on
‘ the Algebra Wall and receive help from other
,’ students, teachers, and Study Experts. You can also
help others on the Algebra Wall and earn Karma
Points for doing so. Go to AlgebraNation.com to learn
more and get started!

d. What does each point represent? Algebra
Wall

BRA
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Section 4 - Topic 4
Interpreting Rate of Change and y-Intercept
in a Real-World Context - Part 2

Let’s Practice!

1. Graphy=2x+3.

A
Y
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2. Consider the equation 2x + 5y = 10.

a. How does this equation look different from
slope-intercept form of an equation?

b. Rewrite the equation in slope-intercept form.

c. ldentify the slope and y-intercept.

d. Graph the equation.

A
Y

Section 4: Linear Equations, Functions, and Inequalities
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Try It! BEAT THE TEST!

3. Graph the equation —4x — 5y = —10. 1. Linet, AECA, and AFDB are shown on the coordinate grid
below.
y
A

Which of the following statements are true<¢ Select all that
apply.

The slope of AC is equal to the slope of BD.
The slope of AC is equal to the slope of line t.

EC
The slope of line t is equal to e

BF
The slope of line t is equal to I

The y-intercept of line tis (0, 2).
Line t represents a discrete function.

A
y
o0 0o O oOood

BRA
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2. The senior class at Elizabeth High School sold fickets to Section 4 - Topic 5

raise money for prom. The graph below represents the Introduction to Systems of Equations
situation.

A system of equations is a set of two or more equations.
Money raised for Prom
Consider the following system of equations.

600R I
© 550 ol : .
© 450 o Line 2:2x +y =1
> 400 .
Y .
S5 350 ot
9 300 o . .
% 2 = Graph the system of equations on the coordinate plane
- = 200 i o below.
é 150 ¢
Z 1009
50 Y
0 2 4 6 8 1012 14 16 18 20 10
9
Number of Tickets Sold 8
7
. . 6
Part A: How much did one ticket coste 5
4
3
2
1
<t “ e
Part B: How much money did the senior class have at the Joa e L pe 2o v
start of the fundraiser? -2
-3
-4
-5
-6
-7
-8
-9
"y
Want some help? You can always ask questions on
’Q the Algebra Wall and receive help from other
,’ students, teachers, and Study Experts. You can also
help others on the Algebra Wall and earn Karma Recall that a solution to a linear equation is any ordered pair
AI\?V?:I)Im Points for doing so. Go to AlgebraNation.com to learn that makes that equation a true statement.
more and get started!
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What do you notice about the point (-2,5)%

What do you notice about the point (1,7)2

What do you notice about the point (—1,3)?

What do you notice about the point (1,1)%

100

Let’s Practice!

1. Consider the following system of equations made up of
Line 1T and Line 2.

Line 1: 5x+2y =8
Line 2: —3x — 2y = —4

Complete the following sentences.

a. The ordered pair (—2,5) is a solution to

o linel.
o line2
o the system of equations.

b. The ordered pair (2,—1) is a solution to

o linel.
o line2
o the system of equations.

c. The ordered pair (0, 4) is a solution to

o linel.
o line 2.
o the system of equations.

£BRA
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2.

Is there ever a time when a system of equations will not

have a solution? If so, sketch an example.

Try It!

3. Consider the following system of equations.

1

\

=

()

ATl

—

a.

(=)

N

—

x—y=3
—2x+2y=-6

Sketch the graph of the system of equations.

y

1

fe

©—= N w A 0 0 N ® VO O

)

<t
-10-9 -8 -7 -6 -5 -4 -3 -2 -1

b. What can be said about the solution to this system of

equations?

gBRA

01 2 3 4 5 6 7 8 9 10
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|

4. Consider the following system of equations.

a.

4x +3y =3
2x — 5y =-5

Sketch the graph the system of equations.

o= N W A OO0 N ® O O

—

y

oy

)

210-9 -8 -7 -6 -5 4 -3 -2 -1

-
01 2 3 4 5 6 7 8 9 10

Y

b. Whatis the solution to the system?

Section 4: Linear Equations, Functions, and Inequalities
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BEAT THE TEST!

1. Consider the following system of equations.

Part A:

x+y=5
2x—y=-2

Sketch the graph of the system of equations.

y
\

fey

© = N W A o O N ® O O

-10-9 -8-76-5-4-3-2-1[01 2 3 4 5 6 7 8 9 10

Part B:

Part C:

102

Y

Determine the solution to the system of equations.

Create a third equation that could be added to
the system so that the solution does not change.
Graph the line on the coordinate plane above.

Two

linear functions in a coordinate plane have no points

of intersection. Which pair of functions does not intersect?

®

6x + 2y = 12 and 20x + 10y = 14
4x + 2y = 12 and 20x + 10y = 30
6x +2y =12andy = 0.5x — 0.6

10x + 10y =6 and y = 0.5x — 0.6

Algebra  pints for doing so. Go to AlgebraNation.com to learn

Wall

' Want some help? You can always ask questions on

., students, teachers, and Study Experts. You can also

the Algebra Wall and receive help from other
help others on the Algebra Wall and earn Karma

more and get started!
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Section 4 - Topic 6
Finding Solution Sets to Systems of Equations
Using Substitution and Graphing

We are able to use systems of equations to solve many real-
world problems.

One method of solving systems of equations is by graphing like
we did in the previous video.

Let’s Practice!

1. Brianna’s lacrosse coach suggested that she practice
yoga to improve her flexibility. “Yoga-ta Try This!” Yoga
Studio has two memibership plans. Plan A costs $20.00 per
month plus $10.00 per class. Plan B costs $100.00 per month
for unlimited classes.

a. Define the variables and write two functions to
represent the monthly cost of each plan.
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o.

Represent the two situations on the graph below.

Y

What is the rate of change for each plan?

What does the rate of change represent in this
situatione

What do the y-intercepts of the graphs represent?

Section 4: Linear Equations, Functions, and Inequalities
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2. Brianna is trying fo determine which plan is more
appropriate for the number of classes she wants to
attend.

a. When will the two plans cost exactly the same?

b. Whenis Plan A the better deal?

c. Whenis Plan B the better deal?

We can also help Brianna determine the best plan for herself
without graphing. Consider our two equations again.

We want to know when the total costs would be equal.

> Set the two plans equal to each other and solve for
the number of visits.

» This method is called solving by

104

Try It

3. Vespa Scooter Rental rents scooters for $45.00 and $0.25
per mile. Scottie’s Scooter Rental rents scooters for $35.00
and $0.30 per mile.

a. Define the variables and write two functions to
represent the situation.

b. Represent the two situations on the graph below.

A

c. Whatis the rate of change of each line? What do
they represente

d. What do the y-intercepts of each line represente

£BRA
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It's difficult to find the solution by looking at the graph. In such
cases, it's better to use substitution to solve the problem.

4. Use the substitution method to help the renter determine
when the two scooter rentals will cost the same amount.

a. When will renting a scooter from Vespa Scooter Rental
cost the same as renting a scooter from Scottie’s
Scooter Rental?

b. Describe a situation when renting from Vespa Scooter
Rental would be a better deal than renting from
Scottie’s Scooter Rental.
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Lyle and Shaun open savings accounts at the same time.

BEAT THE TEST!

Lyle deposits $100 initially and adds $20 per week. Shaun
deposits $500 initially and adds $10 per week. Lyle wants to
know when he will have the same amount in his savings
account as Shaun.

Part A:  Write two equations to represent the amounts of

money Lyle and Shaun have in their accounts.

Part B:  Which method would you use to solve the

problem, substitution or graphing? Explain your
answer.

Part C:  After how many weeks of making the additional

deposits will Lyle have the same amount of
money as Shaun?

Algebra
Wall

Want some help? You can always ask questions on
the Algebra Wall and receive help from other
students, teachers, and Study Experts. You can also
help others on the Algebra Wall and earn Karma
Points for doing so. Go to AlgebraNation.com to learn
more and get started!

Section 4: Linear Equations, Functions, and Inequalities
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Section 4 - Topic 7
Using Equivalent Systems of Equations

An ordered pair that satisfies all equations in a system is called
the to that system.

If two systems of equations have the same solution, they are
called systems.

Let's explore how to write equivalent systems of equations.

Consider the following system of equations:

Equation A:x +y =4
EquationB:x —y =6

The solution to this system is (5, —1). We can also see this when
we graph the lines.

106

o X

—
(ab)

—-12

-14Y

Describe the result when we multiply either of the equations by
some factor.

Use this process to write an equivalent system.

£BRA
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Consider the original system of equations again.

Equation A:x+y =4
EquationB:x —y =6

What is the resulting equation when we add the two
equations in the system together?

Graph the new equation on the same coordinate plane with
our original system.

Y
144

12

A
A
SIS &
[} /

—
[en]

- X

—-12

-14Y

Algebraically, show that (5, —1) is also a solution to the sum of
the two lines.
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What is the resulting equation when we subtract the second
equation from the first equation?2

Graph the new equation on the same coordinate plane with
our original system.

Y
14A
12
10

A
A
[SDCRES
[<>) /

—
[an]

- X

—-12

-14Y

Algebraically, show that (5, —1) is also a solution to the
difference of the two lines.

107
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Let’'s revisit the original system:

Equation A:x+y =4
EquationB:x —y =6

Complete the following steps to show that replacing one
equation by the sum of that equation and a multiple of the
other equation produces a system with the same solutions.

Create Equation C by multiplying Equation A by 2.

Create Equation D by finding the sum of Equation B and
Equation C.

108

Graph Equation D on the same coordinate plane with our
original system.

Y
14A
12

A
A
TS
© /

—
(ab)

o X

-12

-14Y

Algebraically, show that (5, —1) is a solution to the Equation D

Section 4: Linear Equations, Functions, and Inequalities
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Let’s Practice!

1. Consider the following system, which has a solution of
(2,5). M,N,P,R,S, and T are non-zero real numbers.

Mx + Ny = P
Rx+Sy=T

Write two new equations that could be used to create an
equivalent system of equations.

Try It!

2. List three ways to write new equations that can be used to
create equivalent systems.
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The

BEAT THE TEST!
Ax+ By =C .
system {Dx +Ey=F has the solution (1, 3), where

A,B,C,D,E, and F are non-zero real numbers. Select all the
systems of equations with the same solution.

|

O

(A—D)x+(B—-E)y=C—F

Dx+Ey=F
A+D)x+ 2B+ E)y=C+2F
Dx+Ey=F
Ax+By =C

—3Dx — 3Ey = —=3F
(A-5D)x+ (B—5E)y =C —5F
Dx+Ey=F
Ax+(B+E)yy=C
(A+D)x+Ey=C+F

Algeb|
Wall

the Algebra Wall and receive help from other

‘ Want some help? You can always ask questions on

.’ students, teachers, and Study Experts. You can also

help others on the Algebra Wall and earn Karma
Points for doing so. Go to AlgebraNation.com to learn
more and get started!

ra
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Section 4 - Topic 8
Finding Solution Sets to Systems of Equations
Using Elimination

Consider the following system of equations:

2x+y=28
x—2y=-1

Write an equivalent system that will eliminate one of the
variables when you add the equations.

Determine the solution to the system of equations.

Describe what the graph of the two systems would look like.

This method of solving a system is called

110

Let’s Practice!

1.

Ruxin and Andre were invited to a Super Bowl party. They
were asked to bring pizzas and sodas. Ruxin brought three
pizzas and four bottles of soda and spent $48.05. Andre
brought five pizzas and two bottles of soda and spent
$67.25.

a. Write a system of equations to represent the situation.

b. Write an equivalent system that will eliminate one of
the variables when you add the equations.

c. Solve the system to determine the cost of one pizza
and one bottle of soda.

£BRA
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Try It!

2.
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Jazmin and Justine went shopping for back to school
clothes. Jazmin purchased three shirts and one pair of
shorts and spent $38.00. Justine bought four shirts and
three pairs of shorts and spent $71.50.

a. Assuming all the shirts cost the same amount and alll
the shorts cost the same amount, write a system of
equations to represent each girl's shopping spree.

b. Use the elimination method to solve for the price of
one pair of shorts.

Section 4: Linear Equations, Functions, and Inequalities

1.

BEAT THE TEST!

Complete the following table.

Solve by Elimination: {gi -i_- 2; : 26
Operations Equations Labels
2x—3y =28 Equation 1
3x +4y =46 Equation 2
-
—6x + 9y = =24 New Equation 1
g

Multiply Equation 2 by 2.

New Equation 2

—6x +9y = —24
6x + 8y =92
17y = 68
-
Divide by 17.
Solve forx.
g

Write x and y as
coordinates.

Solution to the
system

111



Which of the systems of equations below could not be
used to solve the following system for x and y?2

6x +4y =24
—2x+4y =-10

®  6x+4y =24
2x —4y =10

® 6x+4y =24
—4x + 8y = —-20

© 18x+12y =72
—6x +12y = —-30

©® 12x + 8y = 48

—4x + 8y = —10

Algebra

Want some help? You can always ask questions on
' the Algebra Wall and receive help from other

’, students, teachers, and Study Experts. You can also

help others on the Algebra Wall and earn Karma
Points for doing so. Go to AlgebraNation.com to learn

Wall more and get started!
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Section 4 - Topic 9
Solution Sets to Inequalities with Two Variables

Consider the following linear inequality.
y=>2x—1

Underline each ordered pair that is a solution to the above
inequality.

0,5 (-1,-1) (1,1 B,0 43 (-1,-3

Plot each solution as a point in the coordinate plane.

A

A
Y

Y

Graph the line y = 2x — 1 in the same coordinate plane. What
do you notice about the solutions to the inequality y > 2x — 1
and the graph of the line y = 2x — 12
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Let’s Practice! c. Graph the region of the solutions to the inequality.

1. The senior class is raising money for Grad Bash. The A
students’ parents are donating cakes. The students plan to
sell entire cakes for $20.00 each and slices of cake for
$3.00 each. If they need at least $500.00, how many of
each should they selle

a. List two possibilities for the number of whole cakes and

cake slices students could sell to reach their goal of
raising at least $500.00.

b. Write an inequality to represent the situation.

d. Whatis the difference between the ordered pairs that
fall on the line and the ones that fall in the shaded
area?

e. What does the x-intercept represent?2

—— =2 -
=1..\
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Try It! c. Graph the region of the solutions to the inequality.

2. The freshman class wants to include at least 120 people in A
performances at a pep rally. Each skit will have 15 people,
and each dance routine will feature 12 people.

a. List two possible combinations of skits and dance
routines.

b. Write aninequality to represent the situation.

d. What does the y-intercept represent?

1 GEBRA
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BEAT THE TEST!

Coach De Leon purchases sports equipment. Basketballs
cost $20.00 each and soccer balls cost $18.00 each. He
has a budget of $150.00. The graph shown below
represents the number of basketballs and soccer balls he
can buy given his budget constraint.

Coach De Leon's Budget

A

\

o N

(4]

Number of Basketballs

N W b

1 \

-
0 1 2 3 4 5 6 7 8
Number of Soccer Balls

Part A: Write an inequality to represent the situation.

gBRA

N

Part B:

Determine whether these combinations of
basketballs, b, and soccer balls, s, can be
purchased within the budget.

I
(==l =]
I

w o
Il
N b

w o
Il
S ™

Yes

(ONO)
(ONO)
(ONG)
(ON®)

No O

-

Algebra
Wall

Want some help? You can always ask questions on
the Algebra Wall and receive help from other
students, teachers, and Study Experts. You can also
help others on the Algebra Wall and earn Karma
Points for doing so. Go to AlgebraNation.com to learn
more and get started!
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Section 4 - Topic 10
Finding Solution Sets to Systems of Linear Inequalities

Juan must purchase carinsurance. He needs to earn at least
$50.00 a week to cover the payments. The most he can work
each week is 8 hours because of football practice. Juan can
earn $10.00 per hour mowing yards and $12.00 per hour
washing cars.

10x + 12y > 50

x+y<8 represents Juan's situation.

The system {

Define the variables.

The graph below depicts Juan's situation. Interpret the graph
and identify two different solutions.

Juan’s Options

10

9

v 8

o}

O 7

2

-;6

O

z 5

5 a4

s 4IQ
I3 \
2 <
: AN
0012345678910

Hours Mowing Lawns
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Let’s Practice!

1.

Bristol is having a party and has invited 24 friends. She
plans to purchase sodas that cost $5.00 for a 12-pack and
chips that cost $3.00 per bag. She wants each friend to
have at least two sodas. Bristol's budget is $35.00.

a. Write a system of inequalities to represent the
situation.

b. Graph the region using boundary lines to show the
solutions to the inequality.

A

c. Name two different solutions for Bristol’s situation.

£BRA
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Try IH!

2. Annais an avid reader. Her generous grandparents gave
her money for her birthday, and she decided to spend at
most $150.00 on books. Reading Spot is running a special:
all paperback books are $8.00 and hardback books are
$12.00. Anna wants to purchase at least 12 books.

a. Write a system of inequalities to represent the
situation.

b. Graph the region of the solutions to the inequality.

A

c. Name two different solutions for Anna’s situation.

L1 GEBRA
NATION

BEAT THE TEST!

Tatiana is reviewing for the Algebra 1 final exam. She
made this graph representing a system of inequalities:

y

-
()]

n
J 1J —J

Y
-15Y

Part A: Underline the ordered pairs below that represent
solutions to the system of inequalities.

(-83) (3,8 (-1,9) (=49 (O,6) (0,9

(5,5  (=510) (=9,1) (=2,7) (1,6) (0,0)

Part B: Derive the system of inequalities that describes
the region of the graph Tatiana drew.

117
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Consider the system of inequalities below. THlS PAGE WAS |NTENTIONALLY
A LEFT BLANK

Which of the following points are in the solution set2 Select
all that apply.

(-4,-3)
(1,6)
2,4
(5,-5)
(3,2)

OoO0Oo0ono

where you can practice all the skills and concepts

you learned in this section. Log in o Algebra Nation
Test Yourselft and try out the “Test Yourself! Practice Tool” so you
Practice Tool cqn see how well you know these topics!

Great job! You have reached the end of this section.
/ Now it's time to try the “Test Yourself! Practice Tool,”
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Let's revisit linear functions.

Imagine that you are driving

down the road at a constant Time Distance
speed of 40 mph. This is a \ Traveled
linear function. I W) (in miles)

1 40
We can represent the 2 80
distance traveled versus time 3 1
on a table (to the right). 4 1»5:

L S

We can represent the scenario on a graph:

Section 5: Quadratic Equations and Functions - Part 1
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The following Mathematics Florida Standards will be covered in this section:

A-CED.1.1 - Create equations and inequadlities in one variable and use them to solve problems. Include equations arising
from linear and quadratic functions, and simple rational and exponential functions.

A-REIL.2.4 - Solve quadratic equations in one variable.

a. Use the method of completing the square to tfransform any quadratic equation in x into an equation of the form

(x - p)? = q that has the same solutions. Derive the quadratic formula from this form.

b. Solve quadratic equations by inspection (e.g., forx? = 49), taking square roots, completing the square, the quadratic
formula and factoring, as appropriate to the initial form of the equation. Recognize when the quadratic formula gives
complex solutions and write them as a + bi for real numbersa and b.

A-SSE.1.2 - Use the structure of an expression to identify ways to rewrite it. For example, see x* - y* as (x?) 2- (y?)? thus
recognizing it as a difference of squares that can be factored as (x?- y?)(x? + y?).

A-SSE.2.3ab - Choose and produce an equivalent form of an expression to reveal and explain properties of the quantity
represented by the expression.

a. Factor a quadratic expression to reveal the zeros of the function it defines.

b. Complete the square in a quadratic expression to reveal the maximum or minimum value of the function it defines.

F-IF.2.4 - For a function that models a relationship between two quantities, interpret key features of graphs and tables in
terms of the quantities, and sketch graphs showing key features given a verbal description of the relationship. Key features
include: intercepts; intervals where the function is increasing, decreasing, positive, or negative; relative maximums and
minimums; symmetries; end behavior; and periodicity.

F-IF.3.8a - Write a function defined by an expression in different but equivalent forms to reveal and explain different
properties of the function.

a. Use the process of factoring and completing the square in quadratic function to show zeros, extreme values, and
symmetry of the graph, and interpret these in terms of a context.

N-Q.1.3 - Choose a level of accuracy appropriate to limitations on measurement when reporting quantities.

Fa1GEBRA
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Section 5: Quadratic Equations and Functions —
Part 1

Section 5 - Topic 1
Real-World Examples of Quadratic Functions

Let’s revisit linear functions.

Imagine that you are driving

down the road at a constant Time Distance

speed of 40 mph. Thisis a (in hours) Traveled

linear function. (in miles)
1 40

We can represent the 2 80
distance traveled versus time 3 120
on a table (to the right). 4 160

We can represent the scenario on a graph.

Distance Traveled

200
180
160
140
120
100
80
60
40
20

Distance Traveled
(in miles)

0 1 2 3 4 5
Time (in hours)
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We can represent the distance traveled d(t). in terms of time,
t, with the equation d(t) = 40¢t.

Linear functions always have a constant rate of change. In this

section, we are going to discover a type of non-linear

function.

Consider the following situation.

Liom dropped a watermelon from the top of a 300 ft tall

building. He wanted to know if the watermelon was falling at a

constant rate over time. He fiimed the watermelon’s fall and
then recorded his observations in the following table.

Time Height
(in seconds) (in feet)
0 300.0
1 283.9
2 235.6
3 155.1
4 42.4

What do you notice about the rate of change?

Why do you think that the rate of change is not constante

Section 5: Quadratic Equations and Functions - Part 1
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Liam entered the data of the falling watermelon into his
graphing calculator. The graph below displays the first
quadrant of the graph.

Liam’s Experiment

300
250
200

150

Height (in feet)

100

50

0 1 2 3 4 5
Time (in seconds)

What is the independent variable?

What is the dependent variable?

Liam then used his calculator to find the equation of the
function, h(t) = —16t? + 300.

122

Important facts:

> We call this non-linear function a

» The general form of the equation is

The graph of f(x) = x? is shown below.

y

».

f)

- N W Hdh OO OO N O O O

- |
—5—4—3—2—1‘)1 2 3 4 5

X

» This graphis called a

Why did we only consider the first quadrant of Liam's graph?

£BRA
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In Liaom’'s graph, how long did it take for the watermelon to hit
the ground?
This is also the x-intercept.

» The x-intercept is the of the function.

» Itis the solution of the function when it is set equal to
zero.

There is only one zero to Liam’s equation. Describe a situation
where there could be two zeros.

What about no zeros?

To solve a quadratic equation using a graph:

> Look for the of the graph.

» The zeros are the values where the graph intercepts
the
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Let’s Practice!

1.

What are the zeros of the quadratic equation graphed

below?

Section 5: Quadratic Equations and Functions - Part 1
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Try It!

2. Aaron shot a water bottle rocket from the ground. A
graph of height over time is shown below.

The maximum or minimum point of the parabola is called the

Height (in meters)

What type of function best models the rocket’s

motion?

After how many seconds did the rocket hit the

ground?

Estimate the maximum height of the rocket.

124
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Aaron’s Experiment

Time (in seconds)

BEAT THE TEST!

Jordan owns an electronics business. During her first year in
the business, she collected data and created the
following graph showing the relationship between the
selling price of an item and the profit.

Part A:

Part B:

Part C:

Part D:

Electronic Sales
A

12000
10000
8000
6000

4000

Profit (in dollars)

2000

00 10 20 30 40 50 60 70

Selling Price (in dollars)

Circle the zeros of the quadratic function
graphed above.

What do the zeros represent?e

Box the vertex of the graph.

What does the vertex represente

>

Want some help? You can always ask questions on
the Algebra Wall and receive help from other
students, teachers, and Study Experts. You can also
help others on the Algebra Wall and earn Karma
Points for doing so. Go to AlgebraNation.com to learn
more and get started!
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Section 5 - Topic 2
Factoring Quadratic Expressions

Let’'s review the two methods we used for multiplying
polynomials.

Area Model:

Distributive Property:

3(x +2y—72)

We can use these same methods to factor out the greatest
common factor of an expression.

Area Model:

10x3 —14x? 12x

Distributive Property:

10x3 — 14x% + 12x
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Use the area model to write an equivalent expression for
(2x +5)(x + 3).
X 3

2x

We can use this same area model to factor a quadratic
expression. Look at the resulting tfrinomial and notice the
following four patterns:

» The first term of the trinomial can always be found in
the rectangle.

» The last term of the trinomial can always be found in

the rectangle.
» The second term of the trinomial is the of
the and
rectangles.
> The of the are

always equal.

125
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Use the distributive property to write an equivalent expression
for (2x + 5)(x + 3).

We can also use the distributive property to factor a quadratic
expression.

What are the two middle terms of the expanded form?2

Consider the resulting trinomial.

2x% +11x + 15
Notice that the product of the two middle terms of expanded
form are equal to the product of the first and last term of the

frinomial. The middle terms also sum to the middle term of the
frinomial.

Let's consider how we can use this and the distributive
property to factor a quadratic expression.

126

Factor 2x2 + 3x — 5 using the distributive property.

»  Multiply the first term by the last term.

> Find two factors whose product is equal to —10x? and
whose sum is equal to 3x.

» Replace the middle term with these two factors.

» Factor the polynomial by grouping the first two terms
and the last two terms.

Section 5: Quadratic Equations and Functions - Part 1
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Let’s Practice!
1. Consider the quadratic expression 3x2 + 4x — 4.

a. Factor using the area model.

b. Factor using the distributive property.

You can check your answer by using the
distributive property. The product of the
factors should always result in the original
tfrinomial.
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Try It

2.

Consider the quadratic expression 4w? — 21w + 20.

a.

o.

Factor using the area model.

Factor using the distributive property.

Section 5: Quadratic Equations and Functions - Part 1
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BEAT THE TEST!

Identify all factors of the expression 18x? — 9x — 5. Select alll
that apply.

2x+5
6x —5
18x —5
3x+5
3x+1

Ooooood

,, students, teachers, and Study Experts. You can also

Algebra

Want some help? You can always ask questions on
' the Algebra Wall and receive help from other
help others on the Algebra Wall and earn Karma
Points for doing so. Go to AlgebraNation.com to learn

Wall more and get started!
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Section 5 - Topic 3
Solving Quadratic Equations by Factoring

Once a quadratic equation is factored, we can use the zero
product property to solve the equation.

The zero product property states that if the product of two
factors is zero, then one (or both) of the factors must be

» Ifab=0,theneithera=0,b=0,0ra=5b=0.
To solve a quadratic equation by factoring:

Step 1:  Set the equation equal to zero.

Step 2:  Factor the quadratic.

Step 3:  Set each factor equal to zero and solve.
Step 4.  Write the solution set.

Section 5: Quadratic Equations and Functions - Part 1
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1.

2.
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Let’s Practice! Try I
Solve for b by factoring b? + 8b + 15 = 0. 3. Solve for j by factoring 6j2 — 195 + 14 = 0.
Solve for f by factoring 10f2 + 17f +3 = 0.
£BRA
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1.

Tyra solved the quadratic equation x2 — 10x — 24 = 0 by

BEAT THE TEST!

factoring. Her work is shown below:

Tyra

steps, decipher her mistakes, and explain how to correct

Tyra

Step1:  x2—10x—24=0

Step2: x?—4x—6x—24=0
Step3:  (x?—4x)+ (—6x—24)=0
Step4: x(x—4)—-6(x—4)=0
Stepd: (x—4)(x—-6)=0

Stepéb: x—4=0,x—-6=0
Step7. x=4o0orx=6

Step 8. {4,6}

did not find the correct solutions. Investigate the

's work.

Algebra

Wall

the Algebra Wall and receive help from other

' Want some help? You can always ask questions on

, students, teachers, and Study Experts. You can also

help others on the Algebra Wall and earn Karma

more and get started!

Points for doing so. Go fo AlgebraNation.com to learn
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Section 5 - Topic 4
Solving Other Quadratic Equations by Factoring

Many quadratic equations will not be in standard form.
» The equation won't always equal zero.

» There may be a greatest common factor (GCF) within
all of the term:s.

Let’s Practice!

1. Solve form: 3m? + 30m — 168 = 0.

2. Solveforx: (x +4)(x —5) = —8.

Section 5: Quadratic Equations and Functions - Part 1
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Try It!

=

3. Solve ford: 6d? + 5d = 1.
4. Solve for p: p? + 36 = 13p.
Fa1GEBRA
NSTION

Want some help? You can always ask questions on
,Q the Algebra Wall and receive help from other
.' students, teachers, and Study Experts. You can also
help others on the Algebra Wall and earn Karma
Algebra  pints for doing so. Go to AlgebraNation.com to learn
Wall
more and get started!

Section 5: Quadratic Equations and Functions - Part 1

BEAT THE TEST!
1. What are the solutions 1o 40x% — 30x = 1352 Select all that

apply.
o -2 o3

2 4
o -2 a3

4 2
o_3 a2

2 4
o_3

4
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Section 5 - Topic 5 Let’s Practice!
Solving Quadratic Equations by Factoring -
Special Cases

1. Determine whether 16x2 + 88x + 121 is a perfect square
trinomial. Justify your answer.

There are a few special cases when solving quadratic
equations by factoring.

Perfect Square Trinomials:

> x%+6x+9isan example
of a perfect square
trinomial. We see this
when we factor.

> A perfect square
tfrinomial is created when

ou square a
you sq 2. Solve for q: ¢ —10q + 25 = 0.

Recognizing a Perfect Square Trinomial:

A quadratic expression can be factored as a perfect square
trinomial if it can be re-written in the form a? + 2ab + b?.

Factoring a Perfect Square Trinomial:

> If a? + 2ab + b? is a perfect square trinomial, then
a? + 2ab + b? = (a + b)?.

> Ifa? — 2ab + b? is a perfect square trinomial, then
a? — 2ab + b? = (a — b)?.

[ ALGEBRA
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3.

1

LG

Try IH! Difference of Squares:
Determine whether x?2 — 8x + 64 is a perfect square Use the distributive property to multiply the following binomials.
frinomial. Justify your answer.
(x+5)(x—-05)
Solve for w: 4w? + 49 = —28w.
(5x +3)(5x - 3)
What do you notice about the number of solutions to the
perfect square quadratic equations?
Describe any patterns you notice.
Sketch the graph of a quadratic equation that is a perfect
square frinomial.
> When we have a binomial in the form a? — b?, it is
called the difference of two squares. We can factor
this as (a + b)(a — b).
BRA
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Let’s Practice! BEAT THE TEST!

7. Solve the equation 49k?* = 64 by factoring. 1. Which of the following expressions are equivalent to
8a® —98a¢ Select all that apply.

2(4a® — 49a)
2a(4a? — 49)
2a(4a® — 49q)
2a—-7)2a+7)
2(2a—-7)(2a+7)
2a(2a—7)(2a+7)

OoOooood

Try I

8. Solve the equation 0 = 121p? — 100.

Want some help? You can always ask questions on
Q the Algebra Wall and receive help from other
,’ students, teachers, and Study Experts. You can also
help others on the Algebra Wall and earn Karma
Points for doing so. Go to AlgebraNation.com to learn
more and get started!

Algebra
Wall

£BRA
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Section 5 - Topic 6 Let’s Practice!
Solving Quadratic Equations by Taking Square Roots

1. Solve x?—-121=0.

Consider the following quadratic equation.
2x>—36=0

When quadratic equations are in the form ax? + ¢ = 0, solve by
taking the square root.

Step 1:  Geft the variable on the left and the constant
on the right.

Step 2. Take the square root of both sides of the
equation. (Don't forget the negative root!)

Solve for x by taking the square root. Try It!

2x2 —36=0 2. Solve —5x? + 80 = 0.

"
oR

G
lAI

/z"
=%

RA
N
Section 5: Quadratic Equations and Functions - Part 1

135



BEAT THE TEST!

What is the smallest solution to the equation
2x% 4+ 17 = 1792

®w -9
® -3
© 3
©® 9

A rescuer on a helicopter that is 50 feet above the sea
drops a lifebelt. The distance from the lifebelt to the sea
can be modeled by the equation h(t) = —16t ? + s, where
t is the fime, in seconds, after the lifebelt is dropped, and s
is the initial height, in feet, of the lifebelt above the sea.

How long will it take for the lifebelt to reach the sea?
Round your answer to the nearest tenth of a second.

Algebra

Want some help? You can always ask questions on
Q the Algebra Wall and receive help from other
students, teachers, and Study Experts. You can also
help others on the Algebra Wall and earn Karma
Points for doing so. Go fo AlgebraNation.com to learn

Wall more and get started!
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Section 5 - Topic 7
Solving Quadratic Equations by Completing the Square

Sometimes you won't be able to solve a quadratic equation
by factoring. However, you can rewrite the quadratic
equation so that you can complete the square to factor and
solve.

Let’s start by determining what number we can add to a
quadratic expression to make it a perfect square trinomial.

What value could be added to the quadratic expression to
make it a perfect square trinomiale

x% + 6x +

x%>+8x+3+

x2—=22x—-71+

Let's see how this can be used to find the zero(s) of quadratic
equations.

£BRA
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Recall how we factored perfect square trinomials.
If a® + 2ab + b? is a perfect square trinomial, then
a? + 2ab + b? = (a+ b)? and a? — 2ab + b? = (a — b)?.

Solve f(x) = ax? + bx + ¢ by completing the square.

Step 1: Group ax? and bx together.

flx)=(ax®*+bx+ _)+c
Step 2: If a # 1, then factor out a.
b
f(x)=a(x2+ax+ ) +c¢

Step 3: Divideg by two and square the result. Add that

number to the grouped terms. Subtract the product of
that number and a from ¢ so that you have not
changed the equation.

—a(x2 42,y P _p
f(X)—a(x +ax+4a2)+c 4a
Step 4: Factor the trinomial.
) = ( +b>2+4ac—b2
fl) =alx 2a 4a

Step 5: This is vertex form. Now we can find the zero(s) of the
equation by setting the function equal to zero,
moving the constant to the opposite side, and taking
the square root of both sides.
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Let’s Practice!
1. Consider the following quadratic expression 2x? — 8x + 5.

a. Complete the square to write the quadratic
expression in vertex form.

b. If the expression represents a function, find the zero(s)
of the quadratic function.

Try It!
2. Consider the quadratic expression 3x2? + 12x + 31.

a. Complete the square to write the quadratic
expression in vertex form.

b. If the expression represents a function, find the zero(s)
of the quadratic function.

137
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BEAT THE TEST! Section 5 - Topic 8
Deriving the Quadratic Formula

The equations shown below are steps to find the zeros of

the function g(x) = 2x? + 24x — 29 by completing the We can use the process of completing the square to derive a
square. formula to find the zero(s) of any quadratic equation.

A. g(x) = 2(x? + 12x + 36) — 29 — 72 Consider the quadratic equation, f(x) = ax? + bx + ¢, where

a # 0. Recall our steps for completing the square as a method
B. x+6 =%£v50.5 for solving f(x) = 0.
— 2 —

C.g0)=20"+12x+_)—29 Step 1: Group ax? and bx together.

D.x =-6++50.5

E. 2(x+6)2-101=0

F. (x+6)2 =505 Step 2: If a # 1, then factor out a.

G./(x+6)% = +v/50.5
H. g(x) = 2(x + 6)> — 101

Step 3: Divide s by two and square the result. Add that

number to the grouped terms. Subtract the product of
that number and a from ¢ so that you have not
changed the equation.

Place the equations in the correct order by writing the
letter corresponding to each step in the boxes below.

Step 1 Step 2 Step 3 Step 4

Step 8 Step 7 Step 6 Step 5
Want some help? You can always ask questions on Step 4: Factor the trinomial.

' the Algebra Wall and receive help from other

,, students, teachers, and Study Experts. You can also
help others on the Algebra Wall and earn Karma
Algebra  pints for doing so. Go to AlgebraNation.com to learn
Wall
more and get started!

£BRA
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Step 5: Solve the equation for f(x) = 0.
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BEAT THE TEST!

Complete the missing steps in the derivation of the
quadratic formula:

fx) =ax*+bx+c

[

J

2 2
f(X)=a<x2+gx+ L )+c—b—

4q2 4a

b\?>  4ac—b*

f(x)=a(x+z) t—%a

b\?* 4ac—b?
a(x+—) L0
2a

4a

Algebra
Wall

Want some help? You can always ask questions on
the Algebra Wall and receive help from other
students, teachers, and Study Experts. You can also
help others on the Algebra Wall and earn Karma
Points for doing so. Go to AlgebraNation.com to learn
more and get started!

Section 5: Quadratic Equations and Functions - Part 1
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Section 5 - Topic ¢

Solving Quadratic Equations Using the Quadratic

Let’s Practice!

Formula

For any quadratic equation ax? + bx + ¢ = 0, where a # 0,

—b + Vb2 — 4ac
x =
2a

To use the quadratic formula:

Step 1. Set the quadratic equation equal to zero.

Step 2. Identify a, b, and c.

Step 3. Substitute a, b, and ¢ into the quadratic
formula and evaluate to find the zeros.

140

1. Use the quadratic formula to solve x2 — 4x + 3 = 0.

2. Consider the graph of the quadratic equation
y=x%—4x+3.

Y

Does the graph verify the solutions we found using the
quadratic formula?

Section 5: Quadratic Equations and Functions - Part 1
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Try I
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Use the quadratic formula to solve 2w? + w = 5. BEAT THE TEST!

1. Your neighbor's garden measures 12 meters by 16 meters.
He plans to install a pedestrian pathway all around if,
increasing the total area to 285 square meters. The new
area can be represented by 4w? + 56w + 192. Use the
quadratic formula to find the width, w, of the pathway.

Part A: Write an equation that can be used to solve for
the width of the pathway.

Part B:  Use the quadratic formula to solve for the width of
the pathway.

Use the quadratic formula to solve 3g? — 11 = 20q.

, the Algebra Wall and receive help from other
.' students, teachers, and Study Experts. You can also
help others on the Algebra Wall and earn Karma
Algebra  pints for doing so. Go to AlgebraNation.com to learn
Wall
more and get started!

Q Want some help? You can always ask questions on

141
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Section 5 - Topic 10
Quadratic Functions in Action

Let’s consider solving real-world situations that involve
quadratic functions.

Consider an object being launched into the air. We compare
the height versus time elapsed.

Object’s Height Over Time

From what height is the
object launched?

Once the object is
launched, how long does it
take to reach its maximum
heighte

».
345678

Height (in meters)

Y

Time (in seconds)

What is the maximum height?

Once the object is launched, how long does it take for it to hit
the ground?

Once the object is launched, when does it refurn to a height
of three meterse

142

Question

How to Answer it

From what height is the
object launched?

This is the y-intercept. In the
standard form, ax? + bx + ¢, cis
the y-intercept.

How long does it take
for the object fo reach
its maximum heighte

This is the x-coordinate of the
vertex, x = ;—2, where values of a

and b come from the standard
form of a quadratic equation.

X = ;—Z is also the equation that
represents the axis of symmetry.

What is the maximum
height?

This is the y-coordinate of the
vertex. Substitute the x-
coordinate from the step above
and evaluate to find y. In vertex
form, the height is k and the
vertexis (h, k).

How long does it take
for the object to hit the
ground?

The x-intercept(s) are the
solution(s), or zero(s), of the
quadratic function. Solve by
factoring, using the quadratic
formula, or by completing the
square. In a graph, look at the
x-intfercept(s).

When does the object
return to a height of
three meterse

In function H(t) = at? + bt +c, if
height is given, then substitute the
value for H(t). If time is given,
then substitute for t.

Section 5: Quadratic Equations and Functions - Part 1
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Let’s Practice! c. Whatis the height of the ball at 3 seconds? When is

1.
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the ball at the same heighte
Ferdinand is playing golf. He hits a shot off the tee box that
has a height modeled by the function h(t) = —16t2 + 80t,
where h(t) is the height of the ball, in feet, and t is the time
in seconds it has been in the air. The graph that models
the golf ball's height over fime is shown below.

Golf Ball's Height Over Time

10 Try It
100

90 2. Recall exercise 1.
80
70 a. Whenis the ball 65 feet in the air? Explain.
60
50
40
30
20
10
0

Height (in feet)

01 2 3 456 7 8 910

Time (in seconds)

b. How long does it take until the ball hits the ground?

a. When does the ball reach its maximum height?

b. Whatis the maximum height of the ball?

Section 5: Quadratic Equations and Functions - Part 1
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BEAT THE TEST! THIS PAGE WAS INTENTIONALLY

A neighborhood threw a fireworks celebration for the 4th of

July. A bottle rocket was launched upward from the I—EFT B LAN K
ground with an initial velocity of 160 feet per second. The
formula for vertical motion of an object is

h(t) = 0.5at? + vt + s, where the gravitational constant, a,
is —32 feet per square second, v is the initial velocity, s is
the initial height, and h(t) is the height in feet modeled as
a function of time, t.

Part A: What function describes the height, h, of the
bofttle rocket after t seconds have elapsed?

Part B:  What was the maximum height of the bofttle
rockete

where you can practice all the skills and concepfs

you learned in this section. Log in to Algebra Nation
Test Yourselft and try out the “Test Yourself! Practice Tool” so you
Practice Tool cqn see how well you know these topics!

Great job! You have reached the end of this section.
/ Now it's time to fry the “Test Yourself! Practice Tool,”
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Observations from a Graph of a Quadratic Function

Let's review some things we learned earlier about the _
information we can gather from the graph of a quadratic.

y
1T A Vertex:
A EEEA | (1,-\)
EREEERNEEN, _
I / Axis of symmetry:
| /
- / ' x -
~5-2-3-2-1 81 2 3 4 5 | [|xintercepi(s):
EEEMN
NN
— -3 -
| | [ ] | y-intercer
e (6 A =

Section 6: Quadratic Equations and Functions - Part 2
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The following Mathematics Florida Standards will be covered in this section:

A-CED.1.1 - Create equations and inequalities in one variable and use them to solve problems. Include equations arising from linear
and quadratic functions, and simple rational and exponential functions.

A-CED.1.2 - Create equations in two or more variables to represent relationships between quantities; graph equations on coordinate
axes with labels and scales.

A-REL.2.4b - Solve quadratic equations in one variable.

b. Solve quadratic equations by inspection, taking square roots, completing the square, the quadratic formula and factoring, as
appropriate to the initial form of the equation. Recognize when the quadratic formula gives complex solutions and write them as a +
bi for real numbers a and b.

A-RELL4.11 - Explain why the x-coordinates of the points where the graphs of the equations y = f(x) and y = g(x) intersect are the
solutions of the equation f(x) = g(x); find the solutions approximately, e.g., using technology to graph the functions, make tables of
values, or find successive approximations. Include cases where f(x) and/or g(x) are linear, rational, absolute value, and exponential
functions.

A-SSE.1.1b - Interpret expressions that represent a quantity in terms of its context.
b. Interpret complicated expressions by viewing one or more of their parts as a single entity. For example, interpret P(1 + r)"* as the
product of P and a factor not depending on P.

F-BF.2.3 - Identify the effect on the graph of replacing f(x) by f(x) + k, kf (x). f(kx), and f(x + k) for specific values of k (both
positive and negative); find the value of k given the graphs. Experiment with cases and illustrate an explanation of the effects on the
graph using technology. Include recognizing even and odd functions from their graphs and algebraic expressions for them.

F-IF.2.4 - For a function that models a relationship between two quantities, interpret key features of graphs and tables in terms of the
quantities, and sketch graphs showing key features given a verbal description of the relationship. Key features include: intercepts;
intervals where the function is increasing, decreasing, positive, or negative; relative maximums and minimums; symmetries; end
behavior; and periodicity.

F-IF.3.7a - Graph functions expressed symbolically and show key features of the graph, by hand in simple cases and using
technology in more complicated cases.
a. Graph linear and quadratic functions and show intercepts, maxima, and minima.

F-IF.3.8a - Write a function defined by an expression in different but equivalent forms to reveal and explain different properties of the
function.

a. Use the process of factoring and completing the square in a quadratic function to show zeros, extreme values, and symmetry of
the graph, and interpret these in terms of a context.

F-1IF.3.9 - Compare properties of two functions each represented in a different way (algebraically, graphically, numerically in tables,
or by verbal descriptions). For example, given a graph of one quadratic function and an algebraic expression for another, say which
has the larger maximum.

N-Q.1.2 - Define appropriate quantities for the purpose of descriptive modeling.

£BRA
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Section 6: Quadratic Equations and Functions —
Part 2
Section 6 - Topic 1
Observations from a Graph of a Quadratic Function

Let’'s review some things we learned earlier about the
information we can gather from the graph of a quadratic
function.

y
A Vertex:
5
4
8 Axis of symmetry:
2
_ 0
5 1522 SR 5 ° [ x-intercept(s):
-2
‘i y-intercept:
-5
Y
y
5‘ Vertex:
4
2 Axis of symmetry:
1
0

> x -
-5-4-3-2-1 101 2 3 4 5 x-intercept(s):

y-intercept:

"
oR

G
lAl

/z"
=%

RA
N

Let’s Practice!

1.

The graph shows the height of a rocket from the fime it
was launched from the ground. Use the graph to answer
the questions below.

Rocket Launch

A
K (6,625)
600
500
400

300

Height (in feet)

200

100

(0,0) (12,0)
01234567 89101112131415

0

Time (in seconds)

a. Whatis the y-intercept?

b. What does the y-intercept represent?

Section 6: Quadratic Equations and Functions - Part 2
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c. What are the x-intercepts? We can also use the graph to write the equation of the
quadratic function.
Recall the standard form of a quadratic equation.
d. What do the x-intercepts represent?e fx) =ax?*+bx+c
There is another form of the quadratic equation called vertex
form.
e. Whatis the maximum height of the rocket?
Vertex Form: f(x) = a(x — h)? + k
» (h k) is the vertex of the graph.
f.  When will the rocket reach its maximum height? > adetermines if the graph opens up or down.
» a dlso determines if the parabola is vertically
compressed or stretched.
g. Whenis the graph increasing?
To write an equation in vertex form from a graph, follow these
steps:
Step 1. Substitute the vertex, (h, k), and the coordinates
h. When is the graph decreasing? of another point on the graph, (x, f(x)), info
f(x) =a(x—h)?+k.
Step 2:  Solve for a.
i.  Whatis the domain of the graph? Step 3:  Substitute (h, k) and a into vertex form.
i- Whatis the range of the graph?
[ ALGEBRA
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2. Recall our graph from exercise 1.

Rocket Launch

700

(6,625)
600
500
400

300

Height (in feet)

200

100

(0,0) (12,0)
01234567 89101112131415

0

Time (in seconds)

a. Substitute the vertex, (h, k), and the coordinates of
another point on the graph, (x, f(x)), info
f(x) = a(x —h)? + k, and solve for a.

b. Write the function for the graph in vertex form.
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Try It

3. Consider the graph below.

y
10A

8

-1 Ov

a. State five observations about the graph.

b. Write the equation of the graph.

Section 6: Quadratic Equations and Functions - Part 2
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BEAT THE TEST!

1. The graph of a quadratic function is shown below.

y
10A

8
f()

oON A~ O

|
—
o
|
(>e]
|
()]
Iy
|
1N
o
1NN
(o)}
(>¢]
o
(=}

-1 Ov

Which statements about this graph are true? Select alll
that apply.

OooOOoooo

The graph has a y-intercept at (0, 8).

The graph has a maximum point at (—1,9).

The graph has an x-intercept at (2, 0).

The graph’s line of symmetry is the y-axis.

The graph has zeros of —4 and 2.

The graph represents the function f(x) = —(x — 1)? + 9.

2

Algebra
Wall

Want some help? You can always ask questions on
the Algebra Wall and receive help from other
students, teachers, and Study Experts. You can also
help others on the Algebra Wall and earn Karma
Points for doing so. Go to AlgebraNation.com to learn
more and get started!
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Section 6 — Topic 2
Nature of the Zeros of Quadratic Equations and
Functions

Let's use the quadratic formula to discuss the nature of the
zero(s) of a quadratic function.

Consider the graph of the function f(x) = x? — 4x + 4.

y
1 £
9
8
4
3
2
1
= 0 > x
-4-3-2-1 101 2 3 456 7 8

Ty

Where does the parabola intersect the x-axise

Use the quadratic formula to find the zero(s) of the function.

Section 6: Quadratic Equations and Functions - Part 2
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Consider the graph of the function f(x) = x? + 6x + 8.

y
10A
f(x)
9
8
7
4
3
2
1
0 x
<—8—7—6—5— -3/2-1101 2 3 r

Where does the parabola intersect the x-axis?

Use the quadratic formula to find the zero(s) of the function.
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Consider the graph of the function f(x) = —x% + 6x — 11.

- - X
-3-2-1/101 2 3 4567 8 910

-10
=11
_1%

Where does the parabola intersect the x-axis?

f)

Use the quadratic formula to find the zero(s) of the function.

Section 6: Quadratic Equations and Functions - Part 2
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When using the quadratic formula, if the
discriminant of the quadratic function (the
part under the radical) is a negative number,
then the zeros are non-real, complex
solutions.

Let’s Practice!

1. Use the discriminant to determine if the following
quadratic equations have complex or real zero(s).

a. 2x2-3x—-10=0

b. x2—6x+9=0

c. glx)=x2-8x+20

152

Try It

2.

3.

Create a quadratic equation that has complex zeros.
Justify your answer.

Create a quadratic equation that has one real zero.
Justify your answer.

Section 6: Quadratic Equations and Functions - Part 2
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BEAT THE TEST!

1. Which of the following quadratic equations have real
zerose Select all that apply.

f(x) =—-3x%+5x—11
fx)=—x?—12x+6
fx)=2x*2+x+6
f(x) =5x2—10x -3
flx)=x?—-2x+8

oooood

Want some help? You can always ask questions on
Q the Algebra Wall and receive help from other
,’ students, teachers, and Study Experts. You can also
help others on the Algebra Wall and earn Karma
Points for doing so. Go fo AlgebraNation.com to learn
more and get started!
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Section 6 - Topic 3

Graphing Quadratic Functions Using a Table

Suppose you jump into a deep pool of water from a diving
platform that is 25 feet above the ground. Your height with

respect to time can be modeled by the function
H(t) = 25 — 16t2, where t is fime in seconds.

Complete the table below.

Time (seconds) 0 0.25 0.5 0.75 1.25
Elevation (feet)
Graph function H(t) on the following coordinate grid.
A
153
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Let’s Practice! Try I
1. A construction company builds houses on square-shaped 2. A business owner recorded the following data for an
lots of various sizes. The CEO of the company decided to entire year of sales.
diversify her lots and now has houses built on rectangular-
shaped lots that are 6 feet longer and 4 feet narrower Sales
than her square-shaped lofs. Month | (in thousands
of dollars)
a. Whatis the function that models the size of the Jan 22
rectangular lofs relative to the size of the square lots2 Feb 45
Mar 54
April 63
May 70
June 71
. July 70
b. Complete the table below and graph the function.
Aug 64
Sept 54
‘ Oct 38
Nov 24
Dec 5
154 ‘\\ilglgl%nﬁ
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a. Plof the data on the graph below.

A

b. What type of business might be represented by this
graphe

c. Would the quadratic model be an appropriate way
to model data for this business going forwarde Justify
your answer.
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BEAT THE TEST!

Consider the following table of values.

X -5 —4

-3

-1

f(x) ~16 -6

0

0

=30

=70

Which of the following graphs corresponds to the table of

®

values?
y
®) 18 i
6
4
2|
~10-8 -6 -4 -2 [0 42 6 8 10
_2|
_4|
_6’
—sf
0¥
y
© 10d
;|
;|
4|
2|
I g —6—/—}0}0 2 4 6 8 10
-4
_6|
je) 8|

Algebra
Wall

Want some help? You can always ask questions on
' the Algebra Wall and receive help from other
,' students, teachers, and Study Experts. You can also
help others on the Algebra Wall and earn Karma
Points for doing so. Go to AlgebraNation.com to learn
more and get started!
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Section 6 - Topic 4
Graphing Quadratic Functions Using the Vertex and

Intercepts

Given a quadratic equation in standard form,
f(x) = x? — 4x — 12, use the following steps to graph f(x) on
the coordinate plane on the following page.

Step 1: Use the a-value to determine if the graph should open
upward (positive a) or downward (negative a).

Step 2: Find and graph the axis of symmetry using the formula
X = —%. This is also the h-coordinate of the vertex.

Step 3: Find f(h), the k-coordinate of the vertex, by
substituting h into the equation. Plot the vertex, (h, k),
on the graph.

Step 4: Find and plot the y-intercept, which is the constant ¢
in f(x) = ax? + bx + c. If possible, use the axis of
symmetry to find a reflection point.

156

Step 5: Find and plot the x-intercepts of the function.
Factoring is one option, but you can always use the
quadratic formula.

Graph of f(x) = x? —4x — 12

A

A
Y

Section 6: Quadratic Equations and Functions - Part 2
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Let’s Practice!

1.
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Given the function f(x) = —x% + 4x + 21, use the following
steps to graph f(x) on the coordinate plane on the
following page.

a. Use the a-value to determine if the graph should open
upward (positive a) or downward (negative a).

b. Find and graph the axis of symmetry using the formula
X = ;—2. This is also the h-coordinate of the vertex.

c. Find f(h), the k-coordinate of the vertex, by
substituting h into the equation. Plot the vertex, (h, k),
on the graph.

d. Find and plot the y-intercept, which is the constant ¢
in f(x) = ax? + bx + c. If possible, use the axis of
symmetry to find a reflection point.

Find and plot the x-intercepts of the function.
Factoring is one option, but you can always use the
quadratic formula.

Graph of f(x) = —x? + 4x + 21

A

A
Y

157
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Try It! c. Sketch the graph that models Jorah's height over the

time spent riding the zip line.

2. Jorah starts at the top of SlotZilla Zip Line in Las Vegas and
rides down Fremont Street. The equation A
h(t) = —2.3t? + 114 models Jorah's height, in feet, above
the ground over time, t seconds, while he rides the zip line.

a. Whatis the vertex of the function h(t)?

b. When will Jorah reach the ground?

Y

£BRA
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1.

BEAT THE TEST!

On a test, Mia graphed the quadratic function
f(x) = x? — 10x — 24. The problem was marked as
incorrect. Identify Mia’s mistake.

A X=
~ : | 2¢ev0s -
1 3. x:l{
=M =0
- V1:'._ -
4 y

Algebra

Wall

Want some help? You can always ask questions on
the Algebra Wall and receive help from other
students, teachers, and Study Experts. You can also
help others on the Algebra Wall and earn Karma
Points for doing so. Go to AlgebraNation.com to learn
more and get started!
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Section 6 - Topic 5
Graphing Quadratic Functions Using Vertex Form - Part 1

Let's review vertex form.
Vertex Form: f(x) = a(x — h)? + k
» Point (h, k) is the vertex of the graph.

» Coefficient a determines if the graph opens up or
down.

» Coefficient a also determines if the parabola is
vertically stretched or compressed when compared
to f(x) = x2.

2
For example, function s(t) = —16 (t - S) + 136, where t is time

in seconds, models the height of a ball (in feet) that is
launched from a balcony of a residential building.

Determine and explain whether the graph of the function
opens upward or downward.

Determine and interpret the coordinates for the vertex of the
function.

Is the function vertically stretched or compressed in
comparison to s(t) = t?2

159
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Let’s Practice! e. Use the key features to sketch the graph.
1. Given the function f(x) = (x — 3)? + 4, use the following 1
steps to graph f(x) on the coordinate plane on the

following page.

a. Use the a-value to determine if the graph should open
upward (positive a) or downward (negative a).

A
Y

b. Find and graph the vertex, (h, k), and axis of
symmetry, x = h.

c. Find the y-intercept by substituting zero for x. Plot the
y-intercept. If possible, use the axis of symmetry to plot Try It!
a reflection point.

2. The yearly profit made by a food truck selling tacos is
represented by the following function, where x represents
the number of tacos sold and f(x) represents the profit.

fO) = -5 (- 28350)2 + 44905
d. Find the x-intercepts, or zeros, by substituting zero for
f(x) and solving for x using square roots. Plof the a. The profit function was written in vertex form,
x-infercepts. f(x) = a(x — h)? + k. Examine the values of a, h, and k
in the profit function above and interpret their
meaning(s).
160 ﬂgl%nﬁ
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b. Graph the profit function on the coordinate plane

below.

A
\J

' Want some help? You can always ask questions on

the Algebra Wall and receive help from other

, students, teachers, and Study Experts. You can also

help others on the Algebra Wall and earn Karma

Algebra  points for doing so. Go to AlgebraNation.com to leamn

Wall

more and get started!
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Section 6 - Topic é
Graphing Quadratic Functions Using Vertex Form - Part 2

Oftentimes, quadratic equations are not written in vertex form.
We can always use the process of completing the square to
rewrite quadratic equations in vertex form.

Let’s Practice!

1. Write the function, f(x) = x? — 4x — 2, in vertex form. Then,
graph the function.

a. Write the function in standard form.

b. Group the quadratic and linear terms together.

c. |If a doesnot equal one, factor a out of the equation.

d. Complete the square.

e. Write the function in vertex form.

f.  Find the zeros, the maximum or minimum point, and
the y-intercept.

161
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g. Graph the quadratic, f(x) = x? — 4x — 2, 0on the Try It

coordinate plane below.
2. Write the function, g(x) = 2x? — 12x + 17, in vertex form.
A Then, graph the function.

A
Y

A
Y
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BEAT THE TEST!

The graph of g(x) is shown below.
y

A

6
5
4
3
2

—

d/

(2,3)

her work.

--------”----

Which function has a maximum that is greater than the

maximum of the graph of g(x)?

)

W y=(x-2)2+4
® y=(x+3)%+2
© y= —%(x—Z)Z +3

o

® y=-5(x+3)2+4

2. Emma rewrote a quadratic function in vertex form.
h(x) = 4x*+16x+5
Step 1: h(x) =4(x*+4x + __ ) +5+___

Step 2: h(x) =4(x*+4x+4)+5—4
Step 3: h(x) =4(x+2)?+1

Part A: Emma said that the vertex is (—=2,1). Identify the
step where Emma made a mistake, then correct

Part B: Does the vertex of h(x) represent a maximum or a
minimum?< Justify your answer.

Algebra
Wall

Want some help? You can always ask questions on
' the Algebra Wall and receive help from other
,’ students, teachers, and Study Experts. You can also
help others on the Algebra Wall and earn Karma
Points for doing so. Go to AlgebraNation.com to learn
more and get started!
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Section 6 - Topic 7
Transformations of the Dependent Variable of Quadratic

Functions
Consider the graph and table for the function f(x) = x2.

y

A
X f) g Ji0)
-2 4 ;
2
-1 1 1
~6-5-2-3-2-1]01 23 456
0 0 !
-2
1 1 »
-5
2 4 -6y

Consider the following transformations on the dependent
variable f(x).

g = f(x) +2
() = f(x) 2
m(x) = 2f (x)

1
n(x) = 5 £()
p() = —f ()

Why do you think these are called transformations on the
dependent variable?

164

Let’s Practice!

1. Complete the table to explore what happens when we
add a constant to f(x).

x f(x) g(x) = f(x) +2 h(x) = f(x) -2
-2 4
-1 1
0 0
1 1
2 4

2. Sketch the graphs of each function on the same
coordinate plane with the graph of f(x).

T-6-5-4-3-2 -,

-2
-3
-4
-5
-6

£BRA
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Try It!

3.

4.

1

\

=

()

Complete the table to determine what happens when we
multiply f(x) by a constant.
1
x fx) | mx) =2f(x) | n(x) = 1A% p(x) = —f(x)
-2 4
-1 1
0 0
1 1
2 4
Sketch the graphs of each function on the same
coordinate plane with the graph of f(x).
4
A
5 f)
4
3
2
1
'4—6—5—4—3—2—_11 01 2345 ¢ "
-2
-3
-4
-5
-6
Y
£BRA
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BEAT THE TEST!

Given the function f(x) = x? + 3, identify the effect on the
graph of f(x) by replacing f(x) with:

f(x) + k, where k > 0.

f(x) + k, where k < 0.

kf(x). where k > 1.

kf(x)., where 0 < k < 1.

kf(x), where k = —1.

Vertically compressed
" f(x) by a factor of k.

Shifted f(x) down k

units.

Reflected f(x) about
© the x-axis.

Vertically stretched
" f(x) by a factor of k.

Shifted f(x) up k
unifs.

Section 6: Quadratic Equations and Functions - Part 2
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2. The graph of g(x) is shown below.

y
0k
d g(x)
2
- . B X
108 642/02 4 6 810
-4
_6
3

—;:)v

If f(x) =3g(x) + 2, identify three ordered pairs that lie on

f(x).

Algebra
Wall

Want some help? You can always ask questions on
the Algebra Wall and receive help from other
students, teachers, and Study Experts. You can also
help others on the Algebra Wall and earn Karma
Points for doing so. Go to AlgebraNation.com to learn

more and get started!
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Section 6 — Topic 8

Transformations of the Independent Variable of

Quadratic Functions

Consider the graph and table for the function f(x) = x2.

X f(x)
-2 4
-1 1

0 0

1 1

2 4

Consider the following transformations on the independent

variable x.

g(x) = f(x +2)
h(x) = f(x - 2)
m(x) = f(2x)

=1 (3

Why do you think these are called fransformations on the
independent variable?

£BRA
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Let’s Practice!

1. Complete the table to determine what happens when
you add a positive constant to x.

x| fo x g = f(x +2) 1))
—2 | 4 ~4 gD =f(-4+D=f(-2) 4
-1 | 1 -3 gD =f(3+D=f(-1) | 1
0 0

1 1

2 4

2. Sketch the graph of g(x) on the same coordinate plane
with the graph of f(x).

y
A
5 f(x)
4
3
2
1
g - X
—6—5—4—3—2—_11 01 2 3 456
-2
-3
-4
-5
-6
Y
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Try It

3. Complete the table to determine what happens when
you add a negative constant fo x.

x | f® x h(x) = f(x —2) h(x)
-2 4 0 |h(0)=F(0-2)=Ff(-2) 4
-1 1 1 |h()=f1-2)=f(-1) 1
0 0

1 1

2 4

4. Sketch the graph of h(x) on the same coordinate plane
with the graph of f(x).

y
A
5 fx)
4
3
2
1
g - X
—6—5—4—3—2—_11 01 2 3 456
-2
-3
-4
-5
_6v

Section 6: Quadratic Equations and Functions - Part 2
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Let’s Practice!

5. Complete the table to determine what happens when
you multiply x by a number greater than 1.
x f(x) x m(x) = f(2x) m(x)
-2 4 -1 m(-D)=f2--1)=f(-2) 4
1 1 1
-1 1 —= —=)= —=) = f(~ 1
2 m( 2) f<2 2) A
0 0
1 1
2 4
6. Sketch the graph of m(x) on the same coordinate plane
with the graph of f(x).
Y
A
5 f(x)
4
3
2
1
'4—6—5—4—3—2—_11 01 23 45 ¢ "
-2
-3
-4
-5
-6
Y
168

Try It
7. Complete the table to determine what happens when
you multiply x by a constant between 0 and 1.
1
x f(x) x n(x)=f (E x) n(x)
1
—2 | 4 —4 |n(-4) = f(z- —4) = f(~2) 4
1
1| 1 —2 |n(-2) = f(z- —z) = f(-1) 1
0 0
1 1
2 4

Sketch the graph of n(x) on the same coordinate plane
with the graph of f(x).

y
A
5 f(x)
4
3
2
1
g X
—6—5-—4—3—2—_11 01 2 3 456
-2
-3
-4
-5
-6
Y
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BEAT THE TEST!

The table that represents the quadratic function g(x) is
shown below.

x gx)
—6 12
—4 2

1 12

7 90
11 182

The function f(x) = g Gx) Complete the following table
for f(x).

x fx)

Algebra

Want some help? You can always ask questions on
the Algebra Wall and receive help from other
students, teachers, and Study Experts. You can also
help others on the Algebra Wall and earn Karma
Points for doing so. Go to AlgebraNation.com to learn

Wall more and get started!
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Section 6 - Topic 9
Finding Solution Sets to Systems of Equations Using
Tables of Values and Successive Approximations

We can find solutions to systems of linear and quadratic
equations by looking at a graph or table.

Consider the following system of equations.

f(x) =x?>+5x+6
gx)=2x+6

The graph of the system is shown below.

y
10A

f(x)

|
N
[
N
A~
[)}
[pe)
——
=y
=

-10¥

For which values of x does f(x) = g(x)?

We call these the solutions of f(x) = g(x).

Section 6: Quadratic Equations and Functions - Part 2
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We can also identify the solutions by looking at tables. We can
easily find the solutions by looking for the x-coordinate where

fx) = g(x).

The table that represents the system is shown below.

x fx) | 9
-3 0 0
-2 0 2
-1 2 4

0 6 6

1 12 8

2 20 10

3 30 12

Use the table to identify the solutions of f(x) = g(x).

170

We can also use a process called successive approximations.
Consider the following system.

fx)=x?>+2x+1
gx) =2x+3

The table that represents the system is shown below.

x fx) | g9
1 3
0.5 2.25 4
1 4 5
1.5 6.25 6
2 9 7
25 | 1225 8
3 16 9

Since there are no x-coordinates where f(x) = g(x), we must
look for the x-coordinates that have the smallest absolute
differencesin f(x) and g(x).

» Find the absolute differences in f(x) and g(x) on the
table above.

» Between which two x values must the positive solution
lie?

> Which of the values does the solution lie closest to?

£BRA
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Let’s Practice!
1. Using the same system, complete the table below.

fl)=x*+2x+1

gx) =2x+3
x fx) | g
1 4 5
1.1 441 5.2
1.2 5.4
1.3 5.29
1.4
1.5 6.25 6

2. Find the absolute differences in f(x) and g(x) on the table
above.

3. Use the table to find the positive solution (to the nearest
tenth) for f(x) = g(x).
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Try It

4,

The graphs of f(x) and g(x) are shown below.

Use the graph to find the negative and positive solution of

flx) = g(x).

171
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BEAT THE TEST! THIS PAGE WAS INTENTIONALLY
1. Consider the following system of equations. LEFT B LAN K

gx) =x%2-10
h(x) =x+38

The table below represents the system.

x gx) | h(x)
—4 6 4
—-35 | 225 4.5
-3 -1 5
—-25 | =375 | 55
—2 -6 6
-15 | =775 | 65
~1 -9 7

Use successive approximations to find the negative
solution for g(x) = h(x).

where you can practice all the skills and concepts

you learned in this section. Log in to Algebra Nation
Test Yourselft and fry out the “Test Yourselfl Practice Tool” so you
Practice Tool can see how well you know these topics!

Great job! You have reached the end of this section.
/ Now it's time to try the “Test Yourself! Practice Tool,”
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Geometric Sequences

Consider the sequence 3,6,12, 24, ... . What pattern do you
notice in the sequence?

Each Yerm is Yhe ?nduc’r 0¥ A Previons srm wd
Juo

This is an example of a geometric sequence.

» Each term in the sequence is the roduct of
the previous term and some real number r.

Just like arithmetic sequences, we can represent thi
sequence in a table:
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The following Mathematics Florida Standards will be covered in this section:

A-CED.1.1 - Create equations and inequadlities in one variable and use them to solve problems. Include equations arising
from linear and quadratic functions, and simple rational and exponential functions.

A-SSE.2.3c - Choose and produce an equivalent form of an expression to reveal and explain properties of the quantity
represented by the expression.

c. Use the properties of exponents to transform expressions for exponential functions. For example the expression

1.15¢ can be rewritten as [1.15'/12]'2t ~ 1.012'%¢ to reveal the approximate equivalent monthly interest rate if the annual
rate is 15%.

F-BF.1.1a - Write a function that describes a relationship between two quantities.
a. Determine an explicit expression, a recursive process, or steps for calculation from a context.

F-BF.2.3 - Identify the effect on the graph of replacing f(x) by f(x) + k. kf (x), f(kx), and f(x + k) for specific values of k
(both positive and negative); find the value of k given the graphs. Experiment with cases and illustrate an explanation of
the effects on the graph using technology. Include recognizing even and odd functions from their graphs and algebraic
expressions for them.

F-IF.1.3 - Recognize that sequences are functions, sometimes defined recursively, whose domain is a subset of the
integers. For example, the Fibonacci sequence is defined recursively by f(0) = f(1) =1, f(n+ 1) =f(n) + f(n—1) forn > 1.

F-IF.2.4 - For a function that models a relationship between two quantities, interpret key features of graphs and tables in
terms of the quantities, and sketch graphs showing key features given a verbal description of the relationship. Key features
include: intercepts; intervals where the function is increasing, decreasing, positive, or negative; relative maximums and
minimums; symmetries; end behavior; and periodicity.

F-IF.3.7e - Graph functions expressed symbolically and show key features of the graph by hand in simple cases and using
technology for more complicated cases.

e. Graph exponential and logarithmic functions, showing intercepts and end behavior, and trigonometric functions,
showing period, midline, and amplitude and using phase shift.

F-IF.3.8b - Write a function defined by an expression in different but equivalent forms to reveal and explain different
properties of the function.
b.Use the properties of exponents to interpret expressions for exponential functions. For example, identify percent rate of

t
change in functions such as y = (1.02)¢, y = (0.97)%, y = (1.01)2¢, y = (1.2)10, and classify them as representing exponential
growth and decay.

F-LE.1.2 - Construct linear and exponential functions, including arithmetic and geometric sequences, given a graph, a
description of a relationship, or two input/output pairs (including reading these from a table).

F-LE.2.5 - Interpret the parameters in a linear or exponential function in terms of a context.

N-Q.1.3 - Choose a level of accuracy appropriate to limitations on measurement when reporting quantities.

[ ALGEBRA
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Section 7: Exponential Functions

Section 7 - Topic 1
Geometric Sequences

Consider the sequence 3,6,12, 24, ... . What pattern do you
nofice in the sequence?

This is an example of a geometric sequence.

» Each termin the sequence is the of
the previous term and some real number r.

Just like arithmetic sequences, we can represent this
sequence in a table.

Term |Sequence

Number Term Term Function Notation
1 a, 3 () | aformula to find the 1st term
2 a, 6 a formula to find the 2nd term
3 as 12 f(3) | a formula to find the ___ term
4 a, 24 f(4) | aformula to find the ___term
5 as 48 a formula to find the 5th term

n an f(n) | a formula to find the ___term
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How can we find the 10t term of this sequence?

» We can use the recursive process, where we use the

previous term.

Term |Sequence Term Function
Number Term Notation
1 a, 3 A1) a;

2 a, 6=3"2 A(2) 2a,

3 asz 12=6 -2 A(3) 2a;
4 ay 24 =12 - 2 A(4) 2a;

5 as 48 =24 - 2 A(5) 2a,

6 ag 96 = 48 - 2 A(6) 2as

7 a; 192 =96 - 2 AT) | 2aq

8 ag 384 =192 - 2 AB) | 2a,

9 g A(9) 2ag
10 o A(10) 2a,

Write a recursive formula that we could use to find any term in
the sequence.

Section 7: Exponential Functions
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» We can use the explicit process, where we relate
back to the first term.

Sketch the graph of the geometric sequence found in the
table.

A
Term Term
Number
1 3
2 6
3 12
4 24
5 48
6 96

Term | Sequence Term Function
Number Term Notation
1 a; 3 A | a4
2 a, 6=3"2 AQ2) | 2a,
3 as 12=3-2-2=3-22 AQ) | 2%a,
4 a, 24=3-2-2-2=3-23 A4) | 23a,
5 as 48=3-2-2-2-2=3-2* A(5) | 2%a,
6 P A6 | 25,
. a l9§.=236-2-2-2-2-2-2 A7) | 2%a,
8 s 384=37-2-2-2-2-2-2- A@8) | 27a,
=32
9 ay A(9)
10 ao A(10)

Write an explicit formula that we could use to find any ferm in
the sequence.

176

The recursive process uses the previous term
while the explicit process uses the first ferm.

Section 7: Exponential Functions
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Let’s Practice!

1. Consider the sequence —2,4, —8,16, ....

a. Write arecursive formula for the sequence.

b. Write an explicit formula for the sequence.

c. Find the 12th term of the sequence.

Try It!

2. The first four tferms of a geometric sequence are
7,14,28, and 56.

a. Write arecursive formula for the sequence.

b. Write an explicit formula for the sequence.

c. Find the 20t term of the sequence.
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BEAT THE TEST!

An art gallery was showcasing a 6-inch long photo of a
geometric landscape. The picture was enlarged ten times,
each time by 125% of the previous picture.

Enter formulas that will give the length of each enlarged
print.

a1=| |

Recursive formula:

an = | |

Explicit formula:

an, =

,’ students, teachers, and Study Experts. You can also

Want some help? You can always ask questions on
Q the Algebra Wall and receive help from other
help others on the Algebra Wall and earn Karma
Points for doing so. Go to AlgebraNation.com to learn
more and get started!

Algebra
Wall
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Section 7 - Topic 2 » Numeric table:
Exponential Functions

h f(h)
Functions can be represented by: 1 60
2 120
> Verbal descriptions 3 180
» Algebraic equations 4 240
5 300
» Numeric tables 6 360
7 420
» Graphs
» Graph:
Let’s review linear and quadratic functions.
Total Distance
Linear Functions
A
» Verbal description: 480
420
You are driving to visit your best friend in Gulfport. 7
Since you have a long drive ahead, you turn on your = 360
cruise control. The cruise control keeps your car £ 300
fraveling at a constant rate of 60 mph. 8 240
5
% 180
. . D
» Algebraic equation: 120
The situation is represented by the function o0

f(h) = 60h. Your distance, f(h), in miles, depends on % 17 2 3 2 5 6 7 8%

your fime, h, in hours. . .
Time (in hours)

£BRA
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Quadratic Functions » Graph:

/z"
=%

» Verbal description: Object’s Trajectory
You are observing the height of a ball as it's dropped A
from a 150 ft tall building. Because of the force of 160
gravity, the more time that passes, the faster the ball 140
travels. The ball does not travel at a constant speed, .
like your car on cruise control. o 120
‘c 100
> Algebraic equation: = 89
(®)]
©
The height of the ball (h), in feet, is a function of, or T 00
depends on, the time (t), in seconds. The quadratic 40
function can be represented by the equation 20
h(t) = —16t2 + 150.
% 1 2 3 4 5 o
> Numeric table: Time (in seconds)

t h(®) Exponential Functions

1 134 .

5 86 » Verbal description:

3 6 You are performing an experiment in science class in
which you start with 100 bacteria and the amount of
bacteria doubles every hour.

£BRA
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» Numeric table:

» Graph:

180

b(t)

100

200

400

800

1,600

3,200

NV | DA WIN =R O~

6,400

Amount of Bacteria (Number of Cells)

Growing Culture of Bacteria

6400
5600
4800
4000
3200
2400
1600
800
0

A

0

2

3 4 5
Time (in hours)

6

=

» Algebraic equation:

Use the following steps to write the equation for the
exponential function.

o Pick two points. It's helpful to use the y-intercept
and the coordinate where x = 1.

o Substitute the coordinates into the exponential
equation y = ab*. Solve for a and b.

o Substitute a and b info the equation y = ab*.

Section 7: Exponential Functions
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Let’s Practice! Try It!
1. The table and graph below represent an exponential 2. The table and graph below represent an exponential
function: function.
y y
A
1008 A
* Y x y 100
4 80
-1 _ — 80
3 1 4
0 4 50 0 ) 60
40 40
1 12 1 1 20
2 L —a -
2 36 2 2 "5 -4-3-2-1001 2 3 45
3 108 3 2 1 o 1 2 3o 3 1 ~20
' 3 \
a. Write an equation for the exponential function. a. Write an equation to represent the exponential

b. Form a hypothesis relating the a term to one of the
key features of the graph.

c. Form a hypothesis relating the b tferm to one of the key
features of the graph.
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function.

b. Did your earlier hypothesis hold true for this equation?2
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BEAT THE TEST!

1. Match the graphs below with the following functions.

((rew=3 | =23 fe=-3 | r0=-23)

-10-8 -6 -4 -2 0 2 4 6 8 10

10k
8|
6|
4|
2|
X ol B X
-10-8 -6 -4 —2N0 2 4 6 8 10
-2
"
6|
8|
¥ )
y
10A
8| [/
‘|
g
2

X X

‘l

-
-10-8 6 -4 -2 [0 2 4 6 8 1

=)

Y |' -2 |~
B B
o o
o 0¥

Algebra

Wall

Want some help? You can always ask questions on
the Algebra Wall and receive help from other
students, teachers, and Study Experts. You can also
help others on the Algebra Wall and earn Karma
Points for doing so. Go to AlgebraNation.com to learn
more and get started!

182

Section 7 - Topic 3
Graphs of Exponential Functions — Part 1

Let's review what we learned in the previous video about
exponential functions.

Consider an exponential function written in the form
f(x) =a-b*.

y

A

10

8

6

4

2

7
~e— X
-6-4-20 2 4 6->

Which key feature of the exponential function does the a term
represente

O x-intercept
O y-intercept
O common ratio

Which key feature of the exponential function does the b tferm
represente

O x-intercept
O y-intercept
O common ratio

£BRA
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Section 7: Exponential Functions



Let’s Practice!

1. Consider the exponential equation y = 2*.

a. Sketch the graph of the exponential equation.

y
A

1

b. Isthe graph increasing or decreasing?

c. Describe the end behavior of the graph.

As x increases, y

As x decreases, y
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2. Consider the exponential equation y = (%)x

a. Sketch the graph of the exponential equation.

y
A

As x increases, y

-10Y
b. Isthe graph increasing or decreasing?

c. Describe the end behavior of the graph.

As x decreases, y

in the front.

Remember, you can always write an
exponential function such as g(x) = 3* in the
form g(x) = a - b* by writing the understood 1

Section 7: Exponential Functions
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3. Consider the exponential equation y = —2%,

a. Sketch the graph of the exponential equation.

y
A

1

b. Isthe graph increasing or decreasing?

c. Describe the end behavior of the graph.

As x increases, y

As x decreases, y

184

Try It
X
4. Consider the exponential equation y = — G) .

a. Sketch the graph of the exponential equation.

y
A

1

-10Y

b. Isthe graph increasing or decreasing?

c. Describe the end behavior of the graph.

As x increases, y

As x decreases, y

Section 7: Exponential Functions
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5. Make a hypothesis about the relationship between the Section 7 - Topic 4
y-intercept, common ratio, and end behavior of a graph. Graphs of Exponential Functions - Part 2
Use your hypothesis o complete the table below.

Sometimes we can use the properties of exponents to easily
Increasing End End sketch exponential functions.
. Common Behavior: | Behavior:
y-intercept Rati or A A )
aflo. ™ | pecreasing Sel el How can we use the properties of exponents to sketch the
Increases | Decreases graph of y = 2¥+22
positive r>1
positive 0<r<i1
negative r>1
y
negative | 0<r<1
° 104
8
6
4
2
0
X
%08 622 02 4 6 8 70
-2
-4
If you get confused about end behavior, you -6
can sketch the graph of y = a - b* and its key
features to see the end behavior. -8
-10Y
Want some help? You can always ask questions on
" the Algebra Wall and receive help from other
.’ students, teachers, and Study Experts. You can also
help others on the Algebra Wall and earn Karma
Algebra  points for doing so. Go to AlgebraNation.com to learn
Wall
more and get started!

| nLGEBRA
185
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Let’s Practice! Try I
1. Use the properties of exponents to sketch the graph of 2. Use the properties of exponents to sketch the graph of
y =37% y =2%73,
y y
10A 10A
8 8
6 6
4 4
2 2
f1.0—8—6—4—200 2 4 6 8 ?.’x =10 -8 —6—4—200 2 4 6 8 ?.’x
—2 -2
-4 -4
-6 -6
-8 -8
-10y -10Y
186 ﬂgfl%nﬁ
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BEAT THE TEST!

1. The graph that represents the function f(x) = —3 - 2* has

The graph is| © increasing
O decreasing

a y-intercept of| © (0,=3).

by a common ratio of 2, is decreasing as

O x increases.
O x decreases.

O x increases,
O x decreases,

and approaches 0 as

2. Which of the following have the same graphic
representation as the function f(x) = 8 - 2*2 Select all that

apply.

0O y=(2%°
O y=2%

| y = 2x+3

O y=2.-2%
O y = 4. 2x+1

Want some help? You can always ask questions on
‘ the Algebra Wall and receive help from other
students, teachers, and Study Experts. You can also
help others on the Algebra Wall and earn Karma
Points for doing so. Go to AlgebraNation.com to learn
more and get started!

Algebra
Wall
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Section 7 - Topic 5
Growth and Decay Rates of Exponential Functions

Consider an exponential function in the form f(x) = a - b*.
Assume that a (the ) is positive.

> Ifb (the
the functionis

) is greater than 1,

> If bis between 0 and 1, the function is

What are some examples of exponential growth?

What are some examples of exponential decay?

Section 7: Exponential Functions
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Let’s Practice! 2. Consider the exponential function f(x) = 21,000 - 0.91%,
which models the value of Robert’s car, where x

1. Consider the exponential function f(x) = 500 - 1.05%, which represents the number of years since he purchased the
models the amount of money in Tyler's savings account, car.
where x represents the number of years since Tyler
invested the money. a. Isthe value of Robert's car growing or decaying?

a. Isthe money in the account growing or decaying?e

b. Whatis the rate of growth or decay? b. Whatis the rate of growth or decay?

c. What does 500 represent? c. What does 21,000 represent?

d. Consider f(8) = 738.727721895. While this is correct, is it
an appropriate answer in this contexte

To find the decay rate, you must subtract b
from 1. To find the growth rate, you subtract 1
from b.

You will see the rate of growth/decay
expressed as a decimal or a percentage.

188
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Try It!

3.

/z’-

G
lAl

=1..\

Consider the exponential function f(x) = 1,250 - 1.08%,
which models the amount of money invested in a bond
fund, where x represents the number of years since the
money was invested.
a. Whatis the rate of growth or decay?
b. What does 1,250 represent?

BRA

ON

Consider the exponential function f(x) = 25,000 - 0.88%,
which models the amount of money remaining in Lola’s
retirement fund, where x represents the number of years
since Lola began withdrawing the money.

a. Whatis the rate of growth or decay?

b. What does 25,000 represent?

Section 7: Exponential Functions
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BEAT THE TEST!

The equation y = 250 - 1.04* models

O exponential growth.
O exponential decay.

The rate of growth/decayis| © 4%:

0 96%.
O 104%.

The function f(x) = 350 - 0.75* models the amount of
money remaining in Alicia’s summer budget, where x
represents the number of weeks since summer began.
Which of the following are frue statements¢ Select all that

apply.

O The function models exponential decay.

O 350 represents the amount of money Alicia had in the
budget at the beginning of summer.

O The rate of decay is 25%.
Alicia spent $262.50 during the first week of summer.

O Afthe end of the second week, Alicia will have less
than $200.00 in the budget.

O

’ the Algebra Wall and receive help from other
., students, teachers, and Study Experts. You can also
help others on the Algebra Wall and earn Karma
Algebra  pints for doing so. Go to AlgebraNation.com to learn
Wall
more and get started!

' Want some help? You can always ask questions on
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Section 7 - Topic 6
Transformations of Exponential Functions

Consider the following exponential function.

fo) =27

y
A

1

N b OO 0 O

4
A
!

|
o
|
oA
|
(=)}
|
I
|
N
-
N
M
)}
0
d
(=]
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Consider the following transformations of f(x). Write a function fx—3) Transformed function:
to represent each tfransformed function and describe the y
tfransformation. 10k Description:
8
—f(x) Transformed function: 5
v 4
10A Description: 5
8 ﬂﬁ'—8—6—4—2 02 4 6 8 10==x
6 -2
4 -4
2 -6
I R N R RET -8
—2 -1oy
-4
-6
-8
1oy fx) -3 Transformed function:
y —
\ Description:
flx+3) Transformed function: 104
y 8
107 Description: i
: )
- 0 o x
A -10 -8 -6 -4 -2 yz 4 6 8 10
2 4—’/_2/
-4 0 B X 1
-10-8 -6 -4 -2 [0 2 4 6 8 10 -6
_2 _8
_.4 .
-6 -10y
-8
-1oy
Fa1GEBRA
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f(x)+3 Transformed function: Let’s Practice!

y
10k Description: 1. Describe how k aoffects the grqph Qf ’rh_e function
o f(x) = 2* in each of the following situations.
. Assume k > 1.
<——/:’ a. fo)—k
-0 — X
-10-8 -6 -4 -2 10 2 4 6 8 10

° b. flx+k)
-8
-1oy
c. kf(x)
3f(x) Transformed function:
z Description:
104
8 2. The function g(x) represents an exponential function. The
6 ordered pair (6, —3) lies on the graph of g(x).
4
7 a. The function f(x) = g(x) + 5. Name a point on the
B R T R T graph of f(x).
-2
-4
-6
-8
10y b. The function h(x) = g(2x). Name a point on the graph
of h(x).
[ ALGEBRA
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Try It!

3. Recall the graph of f(x) = 2*. Describe the graph of
flx—3)+2.

4. The following graph represents the function f(x).

|
o
|
0
|
N
|
IS
|
N
Q
N
NS
)]
[ve]
_
-]

-10y

f(x)is a tfransformation of the exponential function
g(x) = 2* + 1. Write the exponential function for the graph.
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BEAT THE TEST!

Consider the function f(x) = (%)x Describe the graph of

each fransformation.

g(x) = f(x+2)

h(x) = f(x) -2
m(x) = —2f(x)
n(x) = f(x —4)

r(x) =f(x)+3

Now it's time to fry the “Test Yourself! Practice Tool,”

where you can practice all the skills and concepts

you learned in this section. Log in to Algebra Nation
Test Yourselft and try out the “Test Yourselfl Practice Tool” so you
Practice Tool cqn see how well you know these topics!

Great job! You have reached the end of this section.

Section 7: Exponential Functions
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Visit AlgebraNation.com or search "Algebra Nation" in your phone or tablet's app store to watch
the videos that go along with this workbook!

Comparing Linear, Quadratic, and Exponential
Functions — Part 1

Complete the table below to describe the characteristics of

linear functions.
Linear Functions
Equation W= MNYX+b
Shape Wne oo
Rate of Change Consteant
Number of x-infercepts | 0, (, inf5nt \danc
Number of y-intercepts \ &
Number of vertices Q
Domain % ¢ ve 00 i
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The following Mathematics Florida Standards will be covered in this section:
A-APR.2.3 - |dentify zeros of polynomials when suitable factorizations are available, and use the zeros to construct a rough graph of the function defined by the polynomial.

A-CED.1.1 - Create equations and inequalities in one variable and use them to solve problems. Include equations arising from linear and quadratic functions, and simple
rational and exponential functions.

A-CED.1.2 - Create equations in two or more variables to represent relationships between quantities; graph equations on coordinate axes with labels and scales.

A-CED.1.3 - Represent constraints by equations or inequalities and by systems of equations and/or inequalities, and interpret solutions as viable or nonviable options in a
modeling context. For example, represent inequalities describing nutritional and cost constraints
on combinations of different foods.

A-REl.2.4b - Solve quadratic equations in one variable.
b. Solve quadratic equations by inspection, taking square roots, completing the square, the quadratic formula, and factoring, as appropriate to the initial form of the
equation. Recognize when the quadratic formula gives complex solutions and write them as a + bi for real numbers a and b.

A-REL4.11 - Explain why the x-coordinates of the points where the graphs of the equations y = f(x) and y = g(x) intersect are the solutions of the equation f(x) = g(x); find
the solutions approximately, e.g., using technology to graph the functions, make tables of values, or find successive approximations. Include cases where f(x) and/or g(x)
are linear, rational, absolute value, and exponential functions.

F-BF.1.1 - Write a function that describes a relationship between two quantities.
a. Determine an explicit expression, a recursive process, or steps for calculation from a context.

F-BF.2.3 - Identify the effect on the graph of replacing f(x) by f(x) + k. kf (x). f(kx), and f(x + k) for specific values of k (both positive and negative); find the value of
k given the graphs. Experiment with cases and illustrate an explanation of the effects on the graph using technology. Include recognizing even and odd functions from their
graphs and algebraic expressions for them.

F-IF.1.1 - Understand that a function from one set (called the domain) to another set (called the range) assigns to each element of the domain exactly one element of the
range. If f is a function and x is an element of its domain, then f(x) denotes the output of f corresponding to the input x. The graph of f is the graph of the equation y =

f).

F-IF.1.2 - Use function notation, evaluate functions for inputs in their domains, and interpret statements that use function notation in terms of a context.

F-IF.1.3 - Recognize that sequences are functions, sometimes defined recursively, whose domain is a subset of the integers. For example, the Fibonacci sequence is defined
recursively by f(0)=f(1) =1 f(n+ 1) =f(n)+f(n—1)forn>1.

F-IF.2.4 - For a function that models a relationship between two quantities, interpret key features of graphs and tables in terms of the quantities, and sketch graphs showing
key features given a verbal description of the relationship. Key features include: intercepts; intervals where the function is increasing, decreasing, positive, or negative;
relative maximums and minimums; symmetries; end behavior; and periodicity.

F-IF.2.5 - Relate the domain of a function to its graph and, where applicable, to the quantitative relationship it describes. For example, if the function h(n) gives the number
of person-hours it takes to assemble n engines in a factory, then the positive integers would be an appropriate domain for the function.

F-IF.2.6 - Calculate and interpret the average rate of change of a function (presented symbolically or as a table) over a specified interval. Estimate the rate of change
from a graph.

F-1F.3.7 - Graph functions expressed symbolically and show key features of the graph, by hand in simple cases and using technology in more complicated cases.
a. Graph linear and quadratic functions and show intercepts, maxima, and minima.

b. Graph square root, cube root, and piecewise-defined functions, including step functions and absolute value functions

c. Graph polynomial functions, identifying zeros when suitable functions are available, and showing end behavior.

F-1F.3.9 - Compare properties of two functions each represented in a different way (algebraically, graphically, numerically in tables, or by verbal descriptions). For example,
given a graph of one quadratic function and an algebraic expression for another, say which has the larger maximum.

F-LE.1.1 - Distinguish between situations that can be modeled with linear functions and with exponential functions.

a. Prove that linear functions grow by equal differences over equal intervals, and that exponential functions grow by equal factors over equal intervals.
b. Recognize situations in which one quantity changes at a constant rate per unit interval relative to another.

c. Recognize situations in which a quantity grows or decays by a constant percent rate per unit interval relative to another.

F-LE.1.3 - Observe using graphs and tables that a quantity increasing exponentially eventually exceeds a quantity increasing linearly, quadratically or (more generally) as a
polynomial function.
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Section 8: Summary of Functions Complete the table below to describe the characteristics of
Section 8 — Topic 1 quadratic functions.

Comparing Linear, Quadratic, and drafi :
Exponential Functions - Part 1 CLUCELELE Lo
Equation
Complete the table below to describe the characteristics of Shape
linear functions.
Rate of Change
Linear Functions Number of x-intercepts
Equation Number of y-intercepts
Shape Number of vertices
Rate of Change Domain
Number of x-intercepts Range

Number of y-intercepts

Number of vertices Sketch the graphs of three quadratic functions that show all
the possible combinations above.

Domain

Range

y
A

Sketch the graphs of three linear functions that show all the 10
possible combinations above. 8
6
Y 4
104
; :
6 o8 622002 4 6 8 0"
4 -2
2 -4
| 0 B x -6
-10-8 -6 -4 -2 |0 2 4 6 8 10
_2 _8
-4
=10
" |
-8
-10y
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Consider the following tables that represent a linear and a

.
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B
R
R

How can you distinguish a linear function from a quadratic

Complete the table below to describe the characteristics of
exponential functions. quadratic function and find the differences.
Exponential Functions
Fquation Linear Function
Shape
x f(x)
Rate of Change 0 c
Number of x-intercepts
1 7
Number of y-intercepts
Number of vertices 2 ?
Domain 3 11
Range 4 13
Sketch the graphs of two exponential functions that show alll
the possible combinations above.
y Quadratic
A Function
10
5 x| f
6 0 3 |
4 1 4 L
2 2 7
ol e
f’.o =8| =6 =4| =2
1 3 12
-4 4 19
-6
-8
-10y function?2
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Consider the following table that represents an exponential

function.
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Exponential
Function
x f(x)
0 1
1 3
2 9
3 27
4 81
5 243

"

o
o
K
o

How can you determine if a function is exponential by looking

at a table?

Algebra
Wall

Want some help? You can always ask questions on
the Algebra Wall and receive help from other
students, teachers, and Study Experts. You can also
help others on the Algebra Wall and earn Karma
Points for doing so. Go to AlgebraNation.com to learn
more and get started!
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Section 8 — Topic 2

Comparing Linear, Quadratic, and Exponential

Functions — Part 2

Let’s Practice!

1.

Identify whether the following key features indicate a

model could be linear, quadratic, or exponential.

Key Feature

Linear

Quadratic

Exponential

Rate of change is constant.

2nd differences, but not 1st, are constant.

Graph has a vertex.

Graph has no x-intercept.

Graph has two x-infercepts.

Graph has one y-intercept.

Domain is all real numbers.

Range is {y|y > 0}.

Range is {y|y < 0}.

Range is all real numbers.

o|lo|o|jojo|jo |0 0 0O O

ojojojo oo |jO0 |0 |0 0O

ojojojooj/ojo |0 |0 0O
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Try I

2. Determine whether each table represents a linear,

quadratic, or exponential function.

BlwiN = o R
L5/ o)

162

X Yy X Yy
0 1 0 7
1 2 3 |13
2 5 6 | 19
3 |10 9 | 25
4 |17 15 | 37
o Linear o Linear
o Quadratic o Quadratic

o Exponential o Exponential

200

o Linear
o Quadratic
o Exponential

1.

BEAT THE TEST!

Identify whether the following real-world examples should

be modeled by a linear, quadratic, or exponential

function.

kS S
5 | B | 5
Real-World Example 2 © c
5 S 3
o | X
Growing a culture of bacteria @) @) O
The distance a Boeing 737
MAX can fravel at a certain o o o
speed over a given period of
fime
Kicking a ball into the air O O O
Running a race at a constant
speed © © ©
A pumpkin decaying O O O
Jumping from a high dive @) O O
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2. Complete the following table so that f(x) represents a Section 8 - Topic 3

linear function and g(x) represents an exponential Comparing Arithmetic and Geometric Sequences
function.

The founder of a popular social media website is trying to
inspire gifted algebra students to study computer
programming. He is offering two different incentive programs
for students.

x f® | gx)

Option 1: Students will earn one penny for completing their first

math, science, or computer-related college course.
_4 The amount earned will double for each additional
course they complete.

-3
Option 2: Students will earn one penny for completing their first
-2 math, science, or computer-related college course.
For each subsequent course they complete, they will
-1 earn $100.00 more than they did for the previous
course.

Write an explicit formula for each option.

Want some help? You can always ask questions on
Q the Algebra Wall and receive help from other
,’ students, teachers, and Study Experts. You can also
help others on the Algebra Wall and earn Karma
Points for doing so. Go to AlgebraNation.com to learn
more and get started!

Algebra
Wall
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Compare the two scholarship options in the tables below.

Compare the two scholarship options in the graphs below.
Option 1 Option 2

24004

Option 1 Option 2
Course Amount Course Amount
1 $0.01 1 $0.01
2 $0.02 2 $100.01
3 $0.04 3 $200.01
4 $0.08 4 $300.01
5 $0.16 5 $400.01
6 $0.32 6 $500.01
7 $0.64 7 $600.01
8 $1.28 8 $700.01
9 $2.56 9 $800.01
10 $5.12 10 $900.01
11 $10.24 11 $1,000.01
12 $20.48 12 $1,100.01
13 $40.96 13 $1,200.01
14 $81.92 14 $1,300.01
15 $163.84 15 $1,400.01
16 $327.68 16 $1,500.01
17 $655.36 17 $1,600.01
18 $1,310.72 18 $1,700.01
19 $2,621.44 19 $1,800.01
20 $5,242.88 20 $1,900.01
21 $10,485.76 21 $2,000.01
22 $20,971.52 22 $2,100.01
23 $41,943.04 23 $2,200.01
24 $83,886.08 24 $2,300.01
25 $167,772.16 25 $2,400.01

202

200000
180000
160000
140000
120000
100000
80000
60000
40000
20000
0

Amount Earned

2200 ®
2000 *
1800 *

PPy L]

.

0246 81012141618202224

Number of Courses

Amount Earned

1600
1400
1200
1000
800
600
400
200

0

0-2 4 6 8 1012141618 202224

Number of Courses

»
|

Option 1 is a geometric sequence.

>

>

>

Each term is the product of the previous term and
two.

This geometric sequence follows a(n)
pattern.

Evaluate the domain of this function.

Option 2 is an arithmetic sequence.

>

>

>

Each term is the sum of the previous ferm and 100.

Arithmetic sequences follow a(n)
pattern.

Evaluate the domain of this function.

What can be said about the domain of arithmetic and
geometric sequences?

£BRA
NATION
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Let’s Practice!

1. Consider the two scholarship options for studying
computer science.

a. Which scholarship opftion is better if your college
degree requires 10 math, engineering, or
programming coursese

b. What if your degree requires 25 math, engineering, or
programming coursese

c. Do you think that these graphs represent discrete or
continuous functionse Justify your answer.

d. Do you think Option 1 would ever be offered as a
scholarship2 Why or why not2
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Try It

2.

Pablo and Lily are saving money for their senior trip next
month. Pablo’s goal is to save one penny on the first day
of the month and to triple the amount he saves each day
for one month. Lily’s goal is to save $10.00 on the first day
of the month and increase the amount she saves by $5.00
each day.

a. Pablo’s savings plan is an example of a(n)

O arithmetic sequence.
O geometric sequence.

b. Lily's savings plan is an example of a(n)

O arithmetic sequence.
O geometric sequence.

c. Which person do you think will be able to meet his/her
goale Explain.

Circle the best answers to complete the following
statement.

Arithmetic sequences follow a(n) linear | exponential |
quadratic pattern, whereas geometric sequences follow
a(n) linear | exponential | quadratic pattern, and the
domain of both sequences is a subset of the

integers | radicals | exponents.
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BEAT THE TEST!

On Sunday, Chris and Caroline will begin their final
preparations for a piano recital the following Saturday.
Caroline plans to practice 30 minutes on the Sunday prior
to the recital and increase her practice time by 30 minutes
every day leading up to the recital. Chris plans to practice
half of Caroline’s time on Sunday, but will double his
practice time every day leading up to the recital.

Part A: List Caroline’s and Chris's practice times on the
tables below.

Caroline’s Practice Chris’s Practice
Times Times

Part B: Compare the graphs of Caroline’s and Chris’s

practice times. Identify each graph as linear or
exponential.

Caroline's Practice Time Chris's Practice Time
480
L 420
150 360
[ @
5120 5 300
£ £
b3 = 240
[0) 90 [0)
g § 180
60
120
30 60
% 1 2 3 4 =5 % 1 2 3 4 =5
Days Since Sunday Days Since Sunday

2

Algebra
Wall

Want some help? You can always ask questions on
the Algebra Wall and receive help from other
students, teachers, and Study Experts. You can also
help others on the Algebra Wall and earn Karma
Points for doing so. Go to AlgebraNation.com to learn
more and get started!

Section 8: Summary of Functions
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Section 8 - Topic 4
Exploring Non-Arithmetic, Non-Geometric Sequences

Let's review sequences.

Sequences are whose domain is a subset of the

We have studied arithmetic and geometric sequences. They
can both be defined by explicit and recursive formulas.

Can you think of a sequence that is neither arithmetic nor
geometrice

Consider the Fibonacci sequence.

1,1,2,3,5,8,13, ...

What pattern do you notice?

Write a recursive formula for the Fibonacci sequence.
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Consider the following sequence. Complete the table for the
sequence.

1,4,9,16,25, ... n f(m)

What type of function does this sequence appear to be?

What would the domain of this function be restricted to?

Write an explicit formula for this sequence.

Let's explore how to define a quadratic function with a
recursive representation.

We can write arecursive formula as f(x) = f(x — 1) plus the
linear rate of change.
f)=fx—1)+mx+»b

Use the table above to find the second difference. This will
give us a linear rate of change.

Section 8: Summary of Functions
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Using the second difference as the linear rate of change, write
the recursive formula.

fX)=fx—-—1D+_x+b

Now use values from the table to determine b.

Write the recursive formula for the sequence.

Use the recursive formula to find the next two terms of the
sequence.
Let’s Practice!
1. Consider the following sequence.
6,9,14, 21, 30, ....

a. What type of function does this sequence appear to
be? What are the domain restrictions?e

b. Write the recursive formula for the function.

206

Try It

2. On an algebra test, Max’s answer was marked incorrect
when he was asked to define the recursive formula for the
sequence —3,3,13,27,45, ... Max’s work is shown below.
Identify the mistake and correct Max's work.

L= FO)* 4x +b
= F@Q) ¢ 4@+
3= 3+ ¢xd
13= Wl +b
2=b

FO)=fLen s Yx + 2

L GEBRA
NATION
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BEAT THE TEST!

A recursive formula for a sequence is
f(x) = f(x—1)+ 6x—3, where f(1) = 3, which of the
following could also represent the sequence?

® f(x) = %xz, where x € the integers

® f(x) = 3x%, where x € the integers

. 3
© f(x) = Exz, where x € the natural numbers

® f(x) = 3x%, where x € the natural numbers

Want some help? You can always ask questions on
the Algebra Wall and receive help from other
students, teachers, and Study Experts. You can also
help others on the Algebra Wall and earn Karma

Algebra  points for doing so. Go to AlgebraNation.com to learn
Wall
more and get started!
£BRA
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Section 8 — Topic 5
Modeling with Functions

Let's discuss the modeling cycle process.

Consider and complete the following diagram that displays

the modeling cycle process.

e Jo

=

.

Let’s Practice!

1.

The table below represents the population estimates (in
thousands) of the Cape Coral-Fort Myers metro area in
years since 2010. Employ the modeling cycle to create a
graph and a function to model the population growth.

Use the function to predict the population in 2020.

x 0 1 2 3 4 5

fx)

619 631 645 661 679 699

721

|

Problem - Identify the variables in the situation and select
those that represent essential features.

|

a. What are the variables in this situation and what do

they represent?e

Section 8: Summary of Functions
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Formulate a model by creating and selecting geometric, d.  Use the model to predict the population in the year

graphical, tabular, algebraic, or statistical representations 2020.
that describe relationships between the variables.

b. Determine what type of function models the context.

Interpret the results of the mathematics in terms of the
original situation.

Compute — Analyze and perform operations on these e. What do the results tell you about the population
relationships to draw conclusions. growth in Cape Coral-Fort Myers metro area as it
relates to the original table?

c. Sketch the graph and find the function that models
the table.

Population of Cape Coral-Fort Myers Metro Area

800

780 Validate the conclusions by comparing them with the
760 situation, and then either improve the model, or, if it is
740 acceptable, move to the reporting phase.

720
700
680
660
640
620
600

f.  What methods can we use to validate the
conclusionse

Population Estimates
(in Thousands)

0123456780910 . . .
Years since 2010 {Repori on the conclusions and the reasoning behind them. ]

g. What key elements should be included in your report?

BRA
208 NATION
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Try It!

2.

According to Florida's Child Labor Law, minors who are
14 or 15 years old may work a maximum of 15 hours per
week, and minors that are 16 or 17 years old may work a
maximum of 30 hours per week. The relationship between
the number of hours that a 15-year old minor in Florida
works and his total pay is modeled by the graph below.
What is the maximum amount that he can earnin a
week?

Total Pay

0 2 4 6 8 10121416182(’>
Hours Worked

Phase 1:

a. ldentify the variables in the situation and what they
represent.

Phase 2:

1

\

=

()

ATl

—

(=)

b. What type of function can be represented by this
graph?

c. Describe the end behavior of the graph.

gBRA

N

d. What does the end behavior tell you about the
function?e

Phase 3:

e. What strategy will you use to create the model for this
situation?

f.  Find the function of the graph.

Phase 4:
g. Complete the following statement.

The domain that best describes this situation is

{x|x e | o rational numbers}.
o natural numbers}.
o whole numbers}.

h. What constraints on the domain would exist for a
14-year olde A 17-year old?

How much does the student make per houre Justify
your answer algebraically.

209
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Phase 5:

J.

k.

Verify that your function accurately models the graph.

Are there other ways to validate your function?

Phase 6:

210

What would you report?e

Section 8: Summary of Functions

BEAT THE TEST!

Dariel employed the modeling cycle to solve the following
problem.

Hannah's uncle works at the BMW plant in Spartanburg,
South Carolina. He purchased a 2017 BMW M2 for
Hannah at the manufacturer's suggested retail price
(MSRP) of $52,500. Suppose over the next ten years, the
car will depreciate an average of 9% per year. Hannah
wishes to sell the car when it is valued at $22,000. When
should she sell the car?

When Dariel got to the compute phase, he knew
something was wrong. His work is shown below.

P .

froblem:  The varigbles in the Situation are +he
Number  of years Harnah has owned +he car ard

he vaue of the car after O Qiven number of years

Let X = nNumber Of yE€ATS HOnnoh hal
Owned +n€ car.

Let $0x= CUrrEnt VAIUL "0f the Coar when
Hannakh has owhed i+ x  vears.

- wulat , . .
Formuiat€: a4, exponential fynction Shoud be used +to
model the C(ontext because the car is depreci ating

ar a co mmon ra+io

Compure :  The function F0= 52,500 (. 09)* Models Hhe
Contéxt  where X is +he years Since 2017 and  £0x)is
the vawue of e car. 1T gm going fo use 2 taole of
Vawts  starting ar year 2 fo try to determinge when
the car is worh 15,00

X V’FU) Ugh! This cannor be correct
9 §425.25 A 2o BMw M2 cant b€ worth

'JLA&‘ $ 495 a5 HELPI]

L GEBRA
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Part A: Critique his reasoning and give feedback on where Section 8 — Topic 6
he went wrong. Understanding Piecewise-Defined Functions

What is a piecewise function?2

» A function made up of distinct "
based on different rules for the

» The “pieces” of a piecewise function are graphed
together on the same coordinate plane.

» The domain is the , or the
Part B: Complete the modeling cycle. x-values.
» Therange is the -values, or output.

> Since itis a function, all “pieces” pass the vertical line
fest.

Describe an example of a piecewise function used in our

/z"
=%

daily lives.
Want some help? You can always ask questions on
’Q the Algebra Wall and receive help from other
.’ students, teachers, and Study Experts. You can also
help others on the Algebra Wall and earn Karma
Algebra  pqints for doing so. Go to AlgebraNation.com to learn
Wall
more and get started!
£BRA
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Consider the following piecewise-defined function.

Flx) = {xz —2,whenx < 0

2x+ 1,whenx > 0

» Each function has a defined

value, or rule.

o xisless than or equal to zero for the first function.
o xis greater than zero for the second function.

» Both of these functions will be on the same graph.
They are the “pieces” of this completed

piecewise-defined function.

10

8
6
4
2
0

q

f(x)

f’.@ =8 =6 =4 =N 10

—Ne
-4
-6

-8

10y

Label the "pieces” of f(x) above.

212

Let's note some of the features of the graph.

>

The domain of the piecewise graph can be
represented with intervals. If we define the first interval
as x < 0, the second interval would be

The graph is nonlinear (curved) when the domain is

The graph is linear when the domain is

There is one closed endpoint on the graph, which
means that the particular domain value, zero, is

in that piece of the function. This
illustrates the inclusion of zero in the function

There is one open circle on the graph, which means
that the particular value, zero, is
in that piece of the function. This

illustrates the constraint that x > 0 for the function

£BRA
NATION
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Let’s Practice!

1. Airheadz, a trampoline gym, is open seven days a week
for ten hours a day. Their prices are listed below:

Two hours or less: $15.00
Between two and five hours: $25.00
Five or more hours: $30.00

The following piecewise function represents their prices:

15, when 0 < x < 2
f(x) =4 25,when 2 <x <5
30,when 5<x <10

Graph the above function on the following grid.

y
30A
25
20
15
10

5

0

X
01234567891(r
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» f(x)is aspecial type of piecewise function known as
a function, which resembles a series of
steps.

» Step functions pair every x-value in a given interval
(particular section of the ) with a
single value in the range | -value).

Try It!
2. Consider the previous graph in exercise 1.
a. How many pieces are in the step function? Are the

pieces linear or nonlinear?

b. How many intervals make up the step functione What
are the interval values?

c. Why are open circles used in some situations and

closed circles in others?e

d. How do you know this is a function?@

€. Whatis the range of this piecewise function?

213
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BEAT THE TEST! 2. Complete the following sentences by choosing the
correct answer from each box.
Evaluate the piecewise-defined function for the given
values of x by matching the domain values with the range Part A: Piecewise-defined functions are represented by
values.
o one function
x—1, x < -2 o at least one function that must correspond
fx)=42x—-1, —-2<x<4 o af least two functions
—3x + 8, x> 4
to | o different domain values.
o different range values.
X f(x) o real numbers.
rT\ (T
=2 3 Part B: When evaluating piecewise-defined functions,
4 -3 choose which equation to use based on the
2 —-16
-5 -6 O constant, then substitute and evaluate
0 1 o x-value,
~— ~— o slope,
using [ o exponent rules.
o order of operations.
O your insfincts.
Want some help? You can always ask questions on
,‘ the Algebra Wall and receive help from other
.’ students, teachers, and Study Experts. You can also
help others on the Algebra Wall and earn Karma
Algebra  points for doing so. Go to AlgebraNation.com to learn
Wall more and get started!
214 NFoN
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Section 8 - Topic 7 Let’s Practice!
Absolute Value Functions

1. Sketch the graph of g(x) = |x| + 1.

Consider the absolute value function: f(x) = [x]|. y
. x g 5
Sketch the graph of f(x) by completing the table of values. 4
y -2 3
2
x | fx) > -1 1
4 - 0 -
-2 3 0 ‘—5—4—3—2—1_101 2 3 4 5
2
-2
-1
- (1) X ! -
0 -5-4-3-2-1_101 2 3 4 5 2 :151
-2
1 -3
5 -4 Write g(x) as a piecewise-defined function.
-5

Absolute value functions are a special case of a
2. Consider the function below.

function.
Write a different function that represents f (x). t(x) = { X +2,whenx < —2
—x — 2,whenx = —2
Write the absolute value function that represents t(x).
PALGEBRA
AI.KEIBON 215
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Try It!

3. Sketch the graph f(x) =[x — 2| + 3.

y
A

X
-5-4-3-2-1 01 2 3 4 5

Y

Write f(x) as a piecewise-defined function.

4, Compare and contrast h(x) and m(x).

x—1,whenx <0

h(x) = |x — 1| m(x)z{—x—lwhenx>0

216

BEAT THE TEST!

1. Consider the following piecewise-defined function.

—x —3,whenx <0
x —3,whenx >0

f@)={

Which of the following functions also represent f(x)?

® g(x) = |x—3|
® h(x) = |x+ 3|
© m(x) =Ix| -3
©® n(x) =|x|+3

Want some help? You can always ask questions on
Q the Algebra Wall and receive help from other
,’ students, teachers, and Study Experts. You can also
help others on the Algebra Wall and earn Karma
Points for doing so. Go to AlgebraNation.com to learn
more and get started!

Algebra
Wall

Section 8: Summary of Functions
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Section 8 - Topic 8
Graphing Power Functions — Part 1

A power function is a function in the form of f(x) = kx™, where
k and n represent the set of all real numbers.

A square root function is an example of a
function.

Sketch the graph of f(x) = vx on the set of axes below.

A

Y

Describe the domain and range.
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A is a number that multiplies by itself
three times in order to create a cubic value. A function is
called a cube root function if

Sketch the graph of f(x) = ¥x on the set of axes below.

A

Y

Describe the domain and range.

217
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Let’s Practice! 2. Consider the following function.

1. Consider the following function.

f(xX)=vx+2 a. Sketch the graph of g(x) on the set of axes below.

a. Sketch the graph of f(x) on the set of axes below.
A

|

gx) =Vx -2

A

A
Y

b. Describe the domain and range.

218
Section 8: Summary of Functions
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Y b. Describe the domain and range.
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Try It!

3. Consider the following functions.

h(x) =vVx -1
mkx)=3VYx—1

a. Sketch the graphs of h(x) and m(x) on the set of axes
below.

Y

b. Compare and contrast the graphs of h(x) and m(x).

the Algebra Wall and receive help from other
,' students, teachers, and Study Experts. You can also
help others on the Algebra Wall and earn Karma
Points for doing so. Go to AlgebraNation.com to learn
more and get started!

' Want some help? You can always ask questions on

Algebra
Wall
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Section 8 - Topic ¢

Graphing Power Functions — Part 2

A cubic function is any function of the form

Sketch the graph of f(x) = x3 on the set of axes below.

A

Y

Describe the domain and range.

Section 8: Summary of Functions
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Let’s Practice!

1. Consider the following function.

f)=x3+1

a. Sketch the graph of f(x) on the set of axes below.

A

Y

b. Describe the domain and range.

220

Try It

2. Consider the following functions.

gx) = x3
h(x) = Vx

a. Sketch the graphs of g(x) and h(x) on the set of axes
below.

A
Y

Y

b. What observations can you make about the
relationship between g(x) and h(x)?

Section 8: Summary of Functions
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BEAT THE TEST!

Consider the following functions.

m(x) = Vx
p(x) = Vx
t(x) = x3

Which of the following statements is correct about the
graph of m(x), p(x), and t(x)?

0y

®

=\~
@ 0

The domain of m(x), p(x). and t(x) is all real numbers.

The range of p(x) and t(x) is [3, ).

The range of m(x) is [0, o).

m(x), p(x), and t(x) share the points (0,0), (1,1), and
(-1,-1).

2.

A cube’'s volume, V(s), is given by the equation V(s) = s3,
where s is the length of each side.

Part A: Sketch the graph that models the relationship
between the volume and length of each side of a
cube.

Y

Part B: What are the domain and range of this relation?

221
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Part C: If we know the volume of a cube, write a function

s(V) that we can use to find the length of the sides
of the cube.

Part D: How would the graph of s(V) compare to the

graph of V(s)?

Algebra

Wall

Want some help? You can always ask questions on
the Algebra Wall and receive help from other
students, teachers, and Study Experts. You can also
help others on the Algebra Wall and earn Karma
Points for doing so. Go to AlgebraNation.com to learn
more and get started!

222

Section 8 - Topic 10
Finding Zeros of Polynomial Functions of

Higher Degree

How can you find zeros when given the graph of a polynomial
function?e

How can you find zeros when given the equation of a
polynomial function in factored form?

How do you determine if x is a solution or zero for f(x)?

Consider the following graph of f(x).

——

N &~ ||| O

NS

———

| |1
o[ [~ N

What are the zeros of f(x)¢

£BRA
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Consider the following fourth degree polynomial function.
g(x) = x* — 4x?

Find the range of g(x) for the given domain {-2,-1,0, 1, 2}.

Does the above domain contain zeros of g(x)¢ Justify your
answer.

Consider the following third degree polynomial function.
h(x) = —x3 — 5x?

Find the zeros of the function h(x).

RA
FiON

—— =2 -
2Q

\

ATl

(=)

Let’s Practice!

1.

2.

Consider the following graph of f(x).

y
i
\\ a9
\ /21
—5—4—3—2—1]0 2 4 5
\
2\ ]
/
4
%y

What are the zeros of f(x)¢

What are the zeros of g(x) = x(x + 1)(x — 2)?2

Section 8: Summary of Functions
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Try It! BEAT THE TEST!

3. Consider the function h(x) = x3 — 3x? + 2. 1. Which of the graphs has the same zeros as the function
f(x) = 2x3 4+ 3x% — 9x2
a. Find the range of h(x) given domain {-1,1,3}.
®
y y
|
’6 ,
4 i
b. Are any zeros of h(x) found in the above domain?2 2 ;‘\ |
Justify your answer, Tosesz o2 46 sl Tossis 2 Rfeaeete
-4 -4
26 -6
. -8 -8
c. Consider the graph of h(x). i i
y
3k © ©)
2.5
y y
d \\ Y10 I b ek T T
BTN \le / 8
1 \ ’, \ /
f i ¥ o7
10.5 \ ‘l A \‘
25 12 PEEE CTREEY A / \
’ 35 \ l — -8/ -6 -4 -2 2 6.8 0 x — -8 -6/ -4 - 0 4 . 6.8 0 x
[ / 2\ -
[ = \
\ - .
b \\ ,I T % '
-2 N -8 -
| .5 10 10 %
S

What are the other zeros of h(x)?

the Algebra Wall and receive help from other
,’ students, teachers, and Study Experts. You can also
help others on the Algebra Wall and earn Karma
Points for doing so. Go to AlgebraNation.com to learn
more and get started!

[ EBRA
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Section 8 - Topic 11
End Behavior of Graphs of Polynomial Functions

Make observations about the end behavior of the following
graphes.

y
:xz k
y A A
4
3
\ 2/
1
- X
5-4-3-2-1 01 2 3 4 5
1
2
3
4
5
y
y =—x? A
o]
4
3
2
1
0 x
5-4-3-2-Y[O\1 2 3 4 5
1
2
/720N
A
5
4 \

L1 GEBRA
NATION

- N W A~ O

—
———
g A~ W N~
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Use your observations to sketch the graphs and make
conjectures to complete the table.

End Behavior of Polynomials

Leading Coefficient

Leading Coefficient

is Positive is Negative
f(x) = x? flx) = —x?
Degree of
Polynomial is
Even
As x = oo, f(x) As x - oo, f(x)
As x = —oo, f(x) As x = —oo, f(x)
fx) =3 fx) = —x®
Degree of
Polynomial is
Odd
As x = oo, f(x) As x = oo, f(x)
AS x = —oo, f(x) ASs x = —oo, f(x)
226

Let’s Practice!

1. Consider the following graph of f(x).
y

a. Does the function f(x) have an even or odd degree?
Justify your answer.

b. s the leading coefficient of f(x) positive or negative?
Justify your answer.

2. Describe the end behavior of the function
g(x) = —5x3 + 8x? — 9x.

£BRA
NATION
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Try It!

3. Consider the following graph of f(x).

—_—
S~ o

-5 -4-3-2-1 01 2 3 4 5§

a. Does the function f(x) have an even or odd degree?
Justify your answer.

b. Isthe leading coefficient of f(x) positive or negative?
Justify your answer.

4. Describe the end behavior of the function below.
1
p(x) =Ex6—x5—x4+2x3—2x+2

RA
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BEAT THE TEST!

Determine which of the following statements is frue for the
function f(x) = 3x5 + 7x — 4247.

ASx - o, f(x) » 0and as x » —oo, f(x) > oo,
As x = o, f(x) » —oo and as x - —oo, f(x) - —co.
As x = oo, f(x) » —oo and as x = —oo, f(x) = co.
As x = oo, f(x) - oo and as x = —oo, f(x) = —oo.

=\
)

© ®

~
=

Want some help? You can always ask questions on
' the Algebra Wall and receive help from other
,’ students, teachers, and Study Experts. You can also
help others on the Algebra Wall and earn Karma
Algebra  pints for doing so. Go to AlgebraNation.com to learn

Wall more and get started!
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Section 8 - Topic 12 Let's Practice!
Graphing Polynomial Functions of Higher Degree

1. Sketch the graph of the following polynomial.
Consider the following function.

fl) = (x=2)(x+3)(x+5)
go) = —(x +3)(x = D(x - 2)

Describe the end behavior of the graph of g(x).

Find the zeros of g(x).

Use the end behavior and zeros to sketch the graph of g(x).

A

£BRA
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2. Sketch the graph of the following polynomial. Try It
f)=-(x-5)(+4)CBx—D(x+2) 3. Sketch a graph of the following polynomial.

fG)=x-Dx+2)(x=3)(x+1)

| n1GEBRA

NATION 229
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BEAT THE TEST! Section 8 - Topic 13
Recognizing Even and Odd Functions

1. Match each equation with its corresponding graph.
An even function has symmetry about the
A y=(@x+1Dx-3)(x+2) B.y=—-(x+1(x-3)(x+2)
An odd function has symmetry about the
C.y=—x(x+1D(x-3)(x+2) D.y=x(x+1D(x-3)(x+2)

y Consider the following graphs. Label each graph as even,
odd, or neither in the space provided.

24‘
20

Want some help? You can always ask questions on
' the Algebra Wall and receive help from other
,' students, teachers, and Study Experts. You can also
help others on the Algebra Wall and earn Karma
Points for doing so. Go to AlgebraNation.com to learn
more and get started!
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If a functionis even, then f(—x) = Try I
If a functionis odd, then f(—x) = : 2. Give an example of a polynomial function that is an even
function.
To determine if a function is even or odd
» Substitute (—x) into the function.
> If the resulting polynomial is the same, then the
function is
» If the resulting polynomial is the exact opposite, then
the function is .
> If the resulting polynomial is neither the same nor the 3. Give an example of a polynomial function that is an odd
exact opposite, the function is not even nor odd. function.

Let’s Practice!

1. Complete the table below to determine if the following
functions are even, odd, or neither.

4. Give an example of a polynomial function that is neither

Function Value of f(—x)

Even, Odd, or odd nor even.
Neither?

flx) =x*+x3

flx)=x%+1
f(x) = 6x°—x3
[ aGEBRA

(=)

ATION

=
=1

Section 8: Summary of Functions
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BEAT THE TEST!

1. Use the following functions to complete the table below.

fx) =x?
gx) = x3
h(x) = x3 — 4x
Function Even Odd Neither

f(x)-gx) ®) O ®)
g(x) - h(x) ®) ®) ®)
f(x) + h(x) e) 9) O
9(x) + h(x) O O O

Wall

more and get started!

Want some help? You can always ask questions on

' the Algebra Wall and receive help from other

’, students, teachers, and Study Experts. You can also
help others on the Algebra Wall and earn Karma

Algebra  pqints for doing so. Go to AlgebraNation.com to learn
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Section 8 — Topic 14
Solutions to Systems of Functions

Consider the functions f(x) and g(x). What can be said about
the x-coordinates where f(x) intersects g(x)?

Name two methods of finding the solutions fo the system
containing f(x) and g(x).

Let’s Practice!

1.  Given the exponential function, f(x) = 2*, and the cubic
function, g(x) = x3 — 2x, find the positive x value where
f(x) = g(x) by completing a table of values from x = 0 to
x =4,

x fx | g

£BRA
NATION
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2. Given the graphs of an absolute value function, Try It
f(x) =4 —|x|, and a logarithmic function, g(x) = log;x, find
the coordinate where f(x) = g(x). 3. It takes Samara three hours to complete a job. Samara
often works with Frederick. The function that models the
y time that it takes them to complete the job together is
10A given by f(x) = % where x represents the number of
" hours it takes Frederick to complete the job alone. The
graph of f(x) is shown below.
y
A
10
'!v'!> x 8
1) d
4
f o,
0 3 (e 5 T
2
4
{ -6
107 B
-10
B Y
6
4 o a. Should the domain of f(x) be restricted?
g(x
0 /
- 0 > .
=10 -5 f.f 5 10 b. Sketch the graph of x = 3 on the same coordinate
-2 plane and interpret the meaning of the intersection in
—44' the given context.
-6
-8
c. Sketch the graph of x = 7 on the same coordinate
-104 . ; : o
Y plane and interpret the meaning of the intersection in
the given context.
[ aGEBRA
ATION, 233
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BEAT THE TEST! THIS PAGE WAS INTENTIONALLY
1. Given the exponential function f(x) = 4 - 3* and the LEFT B LAN K

polynomial function g(x) = x* + 5x2, find the coordinate
where f(x) = g(x).

where you can practice all the skills and concepts

you learned in this section. Log in fo Algebra Nation
Test Yourselft and try out the “Test Yourself! Practice Tool” so you
Practice Tool cqn see how well you know these topics!

Great job! You have reached the end of this section.
/ Now it's time to try the “Test Yourself! Practice Tool,”

£BRA
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Section 92: One-Variable Statistics
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Dot Plots

Statistics is the science of collecting, organizing, and
analyzing data.

Two major classifications of data:

> Categorical ( C&"-an«ieﬁ )

o based on "quadlities” such as color, taste, or
texture, rather than measurements

> Quantitative (__(\ume.dcal )

o based on measurements

\ o
& i
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The following Mathematics Florida Standards will be covered in this section:
$-ID.1.1 - Represent data with plots on the real number line (dot plots, histograms, and box plofts).

$-1D.1.2 - Use statistics appropriate to the shape of the data distribution to compare center (median, mean) and spread
(interquartile range, standard deviation) of two or more different data sets.

$-1D.1.3 - Interpret differences in shape, center, and spread in the context of the data sets, accounting for possible effects
of extreme data points (outliers).

Section 9: One-Variable Statistics
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Section 9: One-Variable Statistics
Section 9 - Topic 1
Dot Plots

Statistics is the science of collecting, organizing, and analyzing
data.

There are two major classifications of data.

> Categorical ( )

o Based on “quadlities” such as color, taste, or
texture, rather than measurements

> Quantitative ( )

o Based on measurements
There are two types of quantitative data.
> Discrete
o Thereis a finite number of possible data values.
» Continuous

o There are too many possible data values so data
needs to be measured over intervals.
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Classify the following variables.

Height

Favorite subject

Number of televisions

in a household

Area code

Distance a football is thrown

Number of siblings

p
o Categorical

o Discrete quantitative
o Continuous quantitative

p
o Categorical

o Discrete quantitative

o Continuous quantitative

p
o Categorical

o Discrete quantitative
o Continuous quantitative

p
o Categorical

o Discrete quantitative
o Continuous quantitative

p
o Categorical

o Discrete quantitative
o Continuous quantitative

p
o Categorical

o Discrete quantitative
o Continuous quantitative

.

quantitative.

To differentiate between quantitative and
categorical data ask yourself: Can | take the
average of this data, and is it meaningful? If
the average is meaningful, then the data is

Section 9: One-Variable Statistics
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A group of college students were surveyed about the number Let’s Practice!
of books they read each month. The data set is listed below.
1. The amount of time 26 students spent on their phones on a
1,2,2,2,33,3,3444445,5,5,5,6,6,7 given day (rounded to the nearest hour) is recorded as
> Let’s display the above data in a dot plot. follows.
Reading Frequency Survey 0,3,4,4,55,6,6,6,7,7,7,7,8,8,8,8,9,9,9,10, 10,10, 11,11, 12
° Create a dot plot of the data above.
[ ] [ ] [ ]
[ ] [ ] °
[ ] [ ] [ ]
[ ] [ ] [ ] [
—~ 0 1 2 3 4 5
Number of Books Read
- ——t |
» Each data value is represented with a above
the number line.
» The dot plot shows the of
data values.
» Always include the title and an appropriate scale on
the number line for the dot plot.
» Dot plots are often used for:
o smaller sets of data
o discrete data
What is frequency?
[ ALGEBRA
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Try It!

2.  Mrs. Ferrante surveyed her class and asked each student,
“How many siblings do you have?” The results are
displayed below.

0,4223,48,1,01,2,2,3,0,3,1,1,2

a. Construct a dot plot of the data.

b. What observations can you make about the shape of
the distribution?

c. Are there any values that don't seem to fite Justify
your answer.
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BEAT THE TEST!

The cafeteria at Just Dance Academy offers items at
seven different prices. The manager recorded the price
each fime an item was sold in a two-hour period and
created a doft plot to display the data.

ltems Sold at Just Dance Academy

° [}
(] L] (] ®
® ° [} ®
[ J (] L] (] ®
[} [ J ® L] [ ] ® (]
- 1.50 2.00 2.50 3.00 3.50 4.00 4.50 -

Price (in Dollars)

Describe the data from the doft plot.

%

Algebra
Wall

Q Want some help? You can always ask questions on

the Algebra Wall and receive help from other
students, teachers, and Study Experts. You can also
help others on the Algebra Wall and earn Karma
Points for doing so. Go to AlgebraNation.com to learn
more and get started!
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Section 9 - Topic 2 Represent the following students’ scores on a histogram.
Histograms

100,98,77,76,85,62,73,88,85,92,93,72,66,70,90,100
College students were asked how well they did on their first
statistics exam. Their scores are shown below.

100,98,77,76,85,62,73,88,85,92,93,72,66,70,90,100

We can use a histogram to represent the data.

> A histogram is a bar-style data display showing
frequency of data measured over
rather than displaying each individual data value.

» Each interval width must be the
> Always the graph and both axes.

» Choose the appropriate scale on the y-axis and the
appropriate intervals on the x-axis.

Y

» Histograms are often used for:

o larger sets of data
o confinuous data

Describe an interval.

£BRA
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Let’s Practice! Try I

1. Those same students from our first example were also 2. Determine the sets of data where it would be better to use
asked how long in minutes it took them to complete the a histogram instead of a dot plot. Select all that apply.
exam. The data is shown below.

O Average daily temperatures for Albany, NY over a
40.3,42.4,43.2,44.1,45.0,55.7,64.3,70.3,72.1,32.3,44.4,54.5, year

71.3,66.1,35.8,67.2 Daily temperatures for Albany, NY over a month
The results of rolling two dice over and over
Height of high school football players statewide
Finishing times of 125 randomly selected athletes for a
100-meter race

Construct a histogram to represent the data.

OoOooOoO

Y
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BEAT THE TEST! Section 9 - Topic 3
Box Plots — Part 1

1. Lastyear, the local men's basketball team had a great
season. The total points scored by the feam for each of The following box plot graphically displays a summary of the
the 20 games are listed below: dataset{1,2,2,2,3,3,3,3,4,4,4,4,4,5,5,5,5,6,6,7}.

45,46,46,52,53,53,55,56,57,58,62, 62, 64,64, 65,67,67,76,76,89

Create a frequency table, and construct a histogram of | \

the data.

A box plot displays the five-number summary for a data set.
» The five-number summary of a data set consists of the

minimum, first quartile, median, third quartile, and
maximum values.

{1+

What is a quartile?

\J

Want some help? You can always ask questions on
" the Algebra Wall and receive help from other
., students, teachers, and Study Experts. You can also
help others on the Algebra Wall and earn Karma
Algebra  pints for doing so. Go to AlgebraNation.com to learn
Wall
more and get started!
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Even data set:

Lower Half Upper Half

) O UL e
f f f

Q Median Qs

Odd data set:

Lower Half Upper Half

JoUJUuduouud
I I I

Q1 Median Q3

Consider the following data set with an even number of data
values.

6,2,1,4,7,3,8,5

The minimum value of the data set is

The maximum value of the data set is
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The median is the number in the middle when the data is
ordered from least to greatest. The median of the data set is

The first quartile of the data set is

The third quartile of the data set is .

Use the five-number summary to represent the data with a box
plot.

243
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Some observations from our box plof:

> The lowest 50% of data values are from to

» The highest 50% of data values are from fo

» The middle 50% (the box area) represents the values
from to

o The middle 50% is also known as the IQR
(interquartile range).

» The first quartile represents the lower 25% of the data
( percentile).

» The third quartile represents the first 75% of the data
( percentile).

> 75% of the values are above

> 25% of the values are above

Section 9 - Topic 4
Box Plots — Part 2

Consider the following data sefts.
Dataset #1: 1,3,5,7,9,11,13,23
Dataset #2: 1,3,5,7,9,11,13, 15

Complete the following table.

» The median of the lower half of the data is

» The median of the upper half of the data is

Want some help? You can always ask questions on
' the Algebra Wall and receive help from other
,, students, teachers, and Study Experts. You can also
help others on the Algebra Wall and earn Karma
Algebra  pints for doing so. Go to AlgebraNation.com to learn

Wall more and get started!
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. . . . First Third
-Mmlmum Maximum | Median Quartile | Quartile
Data
Set #1
Data
Set #2

Construct the box plots for both data sets, one above the
other.

£BRA
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Compare and contrast both box plofs.

Explain which box plot is not symmetrical. Justify your answer.

Let’s Practice!

1.
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Consider the following data set with an odd number of
data values.

" ® 00 T Q

3,7,10,11,15,18,21

The minimum value of the data set is

The maximum value of the datasetis
The median of the data set is

The first quartile of the datasetis

The third quartile of the datasetis .

Use the five-number summary to construct a box ploft.

RA
N

Try It

2.

The time, rounded to the nearest hour, that 26 tourists
spent on excursions in Cat Island, Mississippi on a given
day was recorded as follows. (Cat Island is not actually an
island for cats.)

0,3,4,4,5,5,6,6,6,7,7,7,7,8,8,8,8,9,9,9,10,10,10,11,11,12
a. Construct a box plot to represent the data. Label the

minimum, maximum, first quartile, third quartile, and
median.

b. The bottom 25% of tourists spent, at most, hours
on excursions.

245
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BEAT THE TEST!

Mrs. Bridgewater recorded the number of Snapchats 10
different students sent in one day and constructed the
box plot below for the data.

Part A: Use the following vocabulary to label the box plof.

Hint: You will not use all of the words on the list.

E. Median
F. Minimum
G. Third Quartile

A. Average

B. First Quartile
C. Maximum
D. Mean

Snapchats Sent In One Day
)
N——

IR

%0 2 2 6 8 10121416 18 20

Number of Shapchats

Part B: The 50™ percentile of the data set is

246

Part C: Half of the data values are between | 2 and 20.
8 and 12.
8 and 14.
10 and 12.
12
Part D: 75% of studentssend | 13 | or fewer Snapchats
per day. 14
15

Part E: Add dots to the number line below to complete
the dot plot so that it could also represent the
data.

Snapchats Sent In One Day

P
2 4 6 8 10 12 14 16 18 20

-

Number of Snapchats

the Algebra Wall and receive help from other
students, teachers, and Study Experts. You can also
help others on the Algebra Wall and earn Karma
Points for doing so. Go to AlgebraNation.com to learn
more and get started!

‘ Want some help? You can always ask questions on

Algebra
Wall
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Section 9 - Topic 5 Mr. Gray gave a test on a regular school day with no special
Measures of Center and Shapes of Distributions activities. The scores are listed below.
Data displays can be used to describe the following elements 60,60,70,70,70,80,80,80,80,90,90,90,100,100
of a data set’s distribution: ]
The dot plof for the data is as follows:
» Center
Mr. Gray'’s Class Score Distribution
» Shape
[ ]
» Spread ° ° °
[ ] [ ] [ ] [ ] [ ]
[ ] [ ] [ ] [ ] [ ]
~g |
There are three common measures of center. 60 70 80 90 100
Test Scores
> Mean: The of the data values.
Looking at the dot plot, what do you think is the value of the
median?
> Qg:d:an: The value of the ordered data What is the value of the mean?
> Mode: The occuring Why is it important to know where the center is2
value(s).
The shape of a dot plot also gives important information about
a data set’s distribution. The data in the previous doft plot is
symmetrical and follows a normal distribution. What do you
notice about the shape of a normal distribution?
[ nLGEBRA
ALKEION 247
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Let’s Practice! Try I

1.  Mr. Gray then gave a test the day after a basketball 2.  Mr. Gray then gave a test the day after a mid-week early
game against the school’s rival. The scores were as release day. The scores were as follows.
follows.

50, 60, 70, 70, 80, 80, 80,90, 90, 90,90, 90, 100, 100, 100

65,65, 65,65,65,70,70,70,70,70,70,75,75,75,75,
80, 80, 80, 80, 85,90,90, 95,100 a. Which value do you think will be smaller: the mean or

the median?

Mr. Gray'’s Class Score Distribution

¢ b. Consider the dot plot for the data.

[ ] ° [ ] [ ]

e o o oo Mr. Gray's Class Score Distribution
[ ) [ ] L] o °

%60 65 70 75 80 85 90 95 100 o
Test Scores ® . d
[ ] [ ] [ ] [ ]
a. What are the mean and the median of this data set? ° ° ° ° °

%0 e 70 s 90 00
Test Scores
b. Which measure is a more appropriate measure of

ian? . . .
center, the mean or the median? Which measure is a more appropriate measure of
center, the mean or the median?

c. Does this data set have a normal distributione Why or
why not? c. The shape of this distribution is

d. For anormal-shaped data setf the best measure of
centeris the , whereas for a skewed-
shaped data seft, the is better.

d. The shape of this distribution is

£BRA
248 NATION
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BEAT THE TEST! Section 9 - Topic 6
Measures of Spread - Part 1

1. Mr. Logan surveyed his junior and senior students about

the time they spent studying math in one day. He then A meteorologist recorded the average weekly temperatures
tabulated the results and created a dot plot displaying over a 13-week period and displayed the data below.
the data for both groups.
Time Spent Studying (Juniors) Time Spent Studying (Seniors) Weekly Average Temperature
° [ ]
o o . hd ° ) ]
e e e e
° ] ° ° ° ° ° ° ° ° ° ° ° ° [ [ ] [ ] o [ ] [ ]
<ttt e e e e L R I %06070809010015

5 10 15 20 25 30 35 40 45> ‘<10 15 20 25 30 35 40 45
Temperature

Minutes Minutes

A meteorologist in a different state also recorded the average
weekly temperatures over a 13-week period and displayed
the data below.

Part A:  The value of the larger median for the two groups
is

Part B: The value of the larger mean for the two groups is
Weekly Average Temperature

Part C: Using one to two sentences, describe the

difference between the number of minutes the ° ° ° ° °

juniors and seniors studied by comparing the ° ° o ° o ° °

center and shapes for the groups. 1,0 60 70 80 90 100 110’
Temperature

Measures of spread tell us how much a data sample is spread
out or scattered.

: What are the differences between the spreads of the two
Want some help? You can always ask questions on dat fs2
" the Algebra Wall and receive help from other ata sefse
., students, teachers, and Study Experts. You can also
help others on the Algebra Wall and earn Karma
Algebra  points for doing so. Go to AlgebraNation.com to learn
Wall
more and get started!
| ALGEBRA
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There are two primary ways to measure the spread of data. » Standard deviation is the typical distance of the data
values from the mean. The larger the standard
> Interquartile Range (IQR) = represents the middle 50% deviation, the the individual values are
of the data and is typically used to describe the from the mean. It is typically used for
spread of data.
Consider the dot plots below.
Consider the following data setf.
A.
55,6,7,8,8,8,9,10,12,12 d
[ ] [ ] [}
. . . [ ] [ ] [}
What are the first and third quartiles of the data?
[ L ] L
[ ] [ ] [}
<60 70 80 90 100’
Calculate the interquartile range (IQR) of the data.
B.
L]
L
[ ] [ ] [ ]
Why do you think IQR is used to measure spread in skewed . . o . .
data?
[ ] [ ] [ ] [ ) [ ]
<60 70 80 90 100>
Which has a larger standard deviation? Explain your answer.
Want some help? You can always ask questions on
the Algebra Wall and receive help from other
students, teachers, and Study Experts. You can also
help others on the Algebra Wall and earn Karma
Algebra  poingts for doing so. Go to AlgebraNation.com to learn
Wall
more and get started!
[ ALGEBRA
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Section 9 - Topic 7
Measures of Spread - Part 2

Let’s Practice!

1. The Bozeman Bucks and Tate Aggies cross-country tfeams
ran an obstacle course. The times for each team are
summarized below.

Bozeman Bucks' Obstacle Course Times

4:25| 4:43 | 4:49 | 5:02| 5:12
5:21 | 5:3115:32| 5:37 | 5:52
5:54| 6:08 | 6:20| 6:26| 6:33
6:48 | 6:53 | 7:16 | 7:23| 8:05

Tate Aggies’ Obstacle Course Times

L TH

1234567891011>

Course Times

-

Which statements are true about the data for the
Bozeman Bucks and the Tate Aggies? Select all that

apply.

O The median time of the Bozeman Bucks is less than the
median time of the Tate Aggies.

O The fastest 25% of athletes on both teams complete
the obstacle course in about the same amount of
fime.

O The interquartile range of the Bozeman Bucks is less
than the interquartile range of the Tate Aggies.

O Approximately 50% of Tate Aggies have times
between 5 and 6 minutes.

O The data for the Bozeman Bucks is skewed to the left.
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Try It

2. The following box plots represent the starting salaries (in
thousands of dollars) of 12 recent business graduates, 12
recent engineering graduates, and 12 recent psychology
graduates.

Salaries of Recent Graduates

Business |—
Engineering I— —

Psychology |— —

%30 40 50 60 70 8 90

Salary

a. Describe the shape of each major’s data distribution.

Business:

Engineering:

Psychology:

b. Which major has the largest median salary2 The
largest IQR?

251
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BEAT THE TEST!

1. Data on the time that Mrs. Lannister’s students spend
studying math and science on a given night are
summarized below.

Math Science

Mean: 75 minutes
Minimum: 0 minutes

First Quartile: 65 minutes
Median: 78 minutes

Third Quartile: 100 minutes
Maximum: 145 minutes Maximum: 50 minutes
Standard deviation: 8 Standard deviation: 12
minutes minutes

Mean: 25 minutes
Minimum: 0 minutes

First Quartile: 15 minutes
Median: 30 minutes

Third Quartile: 35 minutes

Tyrion spent 10 minutes studying math and 50 minutes
studying science. If Tyrion spent all 60 minutes studying
math, which of the following would be affected?

Decreases

- Same
Increases
Same

Interquartile

Range of ®) ®) ®)
Math Time

Standard
Deviation of ®) ®) ®)
Math Time

252

2.

The data from a survey of the ages of people in a CrossFit
class were skewed to the right.

Part A: The appropriate measure of center to describe

the data distribution is the
O mean.

O median.

The | © interquartile range
o standard deviation

] is the appropriate

measure to describe the spread.

Part B: The box plot below represents the data. Calculate
the appropriate measure of spread.

Age Distribution in a CrossFit Class

- |

-
14 16 18 20 22 24 26 28 30 32 34 30'

Ages

,’ students, teachers, and Study Experts. You can also

Want some help? You can always ask questions on
‘ the Algebra Wall and receive help from other

help others on the Algebra Wall and earn Karma
Points for doing so. Go to AlgebraNation.com to learn
more and get started!

Algebra
Wall
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Section 9 - Topic 8
The Empirical Rule

Assume that we have a data set so large that we are not
given a list of all the values. We are told the data follows a
normal distribution with a mean of 16 and standard deviation
of 4.

Label the distribution below with the values using the mean
and standard deviation.

Suppose one of the data values is 20. An observation of 20 is
standard deviation(s) the mean.

Suppose one of the data values is 8. An observation of 8 is
standard deviation(s) the mean.

Suppose an observation is 1.5 standard deviations above the
mean. The value of that observation is

We can use the empirical rule to understand the data
distribution.
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Empirical Rule

o Approximately 68% of values are within one standard
deviation of the mean.

o Approximately 95% of values are within two standard
deviations of the mean.

o Approximately 99.7% of values are within three
standard deviations of the mean.

Label the percentages on the previous distribution.

253
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Let’s Practice!

1.

254

Suppose the amounts of water a machine dispenses into
plastic bottles has a normal distribution with a mean of
16.2 ounces and a standard deviation of 0.1 ounces.

a.

Label the distribution below with the values using the
mean and standard deviation.

The middle 95% of bottles contain between
and ounces of water.

Approximately 68% of bottles have between
and ounces of water.

What percentage of bottles contain more than
16.4 ounces of water?

What is the probability that a randomly selected
bottle contains less than 16.3 ounces of watere

What percentage of bottles contain between 16.1
and 16.4 ounces of watere

Try It

2. Choose the correct numbers to build a normal distribution
graph based on a mean of 45.5 and standard deviation of
3.92 (All numbers will not be used, and some may be used

more than once).

13.5% 13.5%
57.26 33.74
2.45% 2.45%
34% 41.58

37.66 34%
53.34 49.42
68% 45.5
95% 99.7%

u u+1lo /.l-'l-ZO'
J

Y
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BEAT THE TEST!

SAT mathematics scores for a particular year are
approximately normally distributed with a mean of 510
and a standard deviation of 80.

Part A:

Part B:

Part C:

Part D:

What is the probability that a randomly selected
score is greater than 590¢

What is the probability that a randomly selected
score is greater than 6702

What percentage of students scored between
350 and 6702

A student who scored a 750 is in the
percentile.

Algebra

Wall

Want some help? You can always ask questions on
the Algebra Wall and receive help from other
students, teachers, and Study Experts. You can also
help others on the Algebra Wall and earn Karma
Points for doing so. Go fo AlgebraNation.com to learn
more and get started!
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Section 9 - Topic 9
Qutliers in Data Sets

A survey about the average number of text messages sent per
day was conducted at a retrement home.

55,5,5,5,5,5,10,10, 10,10, 10, 15,15, 15

The mean for this data set is 8.7 and the median is 10.

Grandma Gadget is up-to-date on the latest technology and
loves to text her 25 grandchildren. She sends an average of 85
texts per day. Her data point is substituted for one of the
original data points of 15.

The new data set is:
55,5,5,5,5,5,10,10,10,10,10,15,15,85
Which measure of center will be most affected by substituting

Grandma Gadget - the mean or the median? Justify your
answer.

Does Grandma Gadget’s data point have a greater effect on
standard deviation or interquartile range? Justify your answer.

255
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Grandma Gadget’s data point is called an outlier.

An outlier is an value in a data set that is
very distant from the others.

Let’s Practice!

1. The table below lists the number of customers who visited
a car dealership during 30 randomly selected days.

26 29 27 33 29 28
31 36 26 31 35 32
34 34 28 11 35 35
33 37 31 26 37 33
29 35 37 29 27 33

Identify the outlier and describe how it affects the mean
and the standard deviation.

The outlier is . The outlier in the data set causes the
mean fo and the standard deviation to
256

Try It

2.

The students in Mrs. Gomez's class were surveyed about
the number of text messages they send per day. The data
setis as follows.

0,24, 26,28,28,30,33,35,35,36,38,39,42,42,45, 50

a. What value would you predict to be an outlier?

b. How does the outlier affect the mean?

c. How does the outlier affect the median@

d. Which measure of center would best describe the
data, the mean or the median?

e. How does the outlier affect the standard deviation?

f.  How does the outlier affect the interquartile range?

g. Which measure of spread would best describe the
data, the standard deviation or the interquartile
range?

£BRA
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BEAT THE TEST!

The dot plot below compares the arrival fimes of 30 flights
for two different airlines.

Arrival Times for Airlines P and Q

Airline P
e o
e o 0o 0
o 06 0 0 o
® © 06 06 06 0 0 [ ]
® © 6 © 6 0 0 0 0 0 0
- |
-40-30-20-10 0 10 20 30 40 50 60
[ ] ® © © 6 06 0 0 0 0 0 0 0 [ ] [ ]
[ ] ® 6 06 06 0 O [ ] [ ]
e 0 o
[ ]
[ ]
[}
Airline Q

A negative number represents the number of minutes the
flight arrived before its scheduled time.

A positive number represents the number of minutes the
flight arrived after its scheduled fime.

A zero indicates that the flight arrived at its scheduled

fime.

Based on these data, from which airline would you choose
to buy your tickete Use your knowledge of shape, center,
outliers, and spread to justify your choice.

After a long day at Disney World, a group of students were

asked how many times they each rode Space Mountain.

The values are as follows.

Part A:

Part B:

Part C:

4,3,19,1,2,2,4,3,5,3,4,5,4,5

Are there any outliers in the data set above?
Explain.

The outlier causes the to be

o mean.
o median.

If the outlier were changed to 5, the interquartile

greater than the

range would | o increase and the
o decrease
o stay the same
standard deviation would | o increase.
o decrease.

o stay the same.

4

Test Yourself!
Practice Tool

Great job! You have reached the end of this section.
Now it's time to try the “Test Yourself! Practice Tool,”
where you can practice all the skills and concepts
you learned in this section. Log in fo Algebra Nation
and try out the “Test Yourselfl Practice Tool” so you
can see how well you know these topics!

Section 9: One-Variable Statistics
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Section 10: Two-Variable Statistics

Topic 1: Relationship between Two Categorical Variables — Marginal and
Joint Relative Frequency - Part 1

Topic 2: Relationship between Two Categorical Variables — Marginal and
Joint Relative Frequency - Part 2

Topic 3: Relationship between Two Categorical Variables — Conditional Relative Frequency
Topic 4: Scatter PIots AN FUNCHON MOGEIS ...ttt e e e e e e e e et eeeeeeeeenn
Topic 5: Residuals and Residual Plots - Part 1
Topic 6: Residuals and Residual Plots - Part 2

Topic 7: Examining Correlation

Visit AlgebraNation.com or search "Algebra Nation" in your phone or tablet's app store to watch
the videos that go along with this workbook!

Relationship between Two Categorical Variables -
Marginal and Joint Relative Frequency - Part 1

Two categorical variables can be represented with a two-way
frequency table.

Consider the following survey.

149 elementary students were asked to choose whether they
prefer math or English class. The data were broke
gender.

42 males prefer math class.
47 males prefer English class.
35 females prefer math clor -

anoy

Section 10: Two-Variable Statistics
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The following Mathematics Florida Standards will be covered in this section:

$-1D.2.5 - Summarize categorical data for two categories in two-way frequency tables. Interpret relative frequencies in

the context of the data (including joint, marginal, and conditional relative frequencies). Recognize possible associations
and trends in the data.

$-1D.2.6 - Represent data on two quantitative variables on a scatter plot, and describe how the variables are related.
a. Fit the function to the data; use functions fitted to data to solve problems in the context of the data. Use given
functions or choose a function suggested by the context. Emphasize linear, quadratic, and exponential models.

b. Informally assess the fit of a function by plotting and analyzing residuals.

c. Fit a linear function for a scatter plot that suggests a linear association.

$-1D.3.8 - Compute (using technology) and interpret the correlation coefficient of a linear fit.
$-1D.3.9 - Distinguish between correlation and causation.

N-Q.1.3 - Choose a level of accuracy appropriate to limitations on measurement when reporting quantities.

Section 10: Two-Variable Statistics
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Section 10: Two-Variable Statistics
Section 10 - Topic 1
Relationship between Two Categorical Variables —
Marginal and Joint Relative Frequency - Part 1

Two categorical variables can be represented with a two-way
frequency table.

Consider the following survey.

149 elementary students were asked to choose whether they
prefer math or English class. The data were broken down by
gender.

42 males prefer math class.

47 males prefer English class.
35 females prefer math class.
25 females prefer English class.

A two-way frequency table is a visual representation of the
frequency counts for each categorical variable. The table
can also be called a contingency table.
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Elementary Students’ Subject Preferences

- Math English Total

Males

Females

Total

The total frequency for any row or column is called a marginal
frequency.

» Why do you think these total frequencies are called
marginal frequenciese

Joint frequencies are the counts in the body of the table that
join one variable from a row and one variable from a column.

» Why do you think these frequencies are called joint
frequencies?

Draw a box around the marginal frequencies. Circle the joint
frequencies in the "Elementary Students’ Subject Preferences”
confingency table.

261
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Frequency tables can be easily changed to show relative
frequencies.

» To calculate relative frequency, divide each count in
the frequency table by the overall total.

Complete the following relative frequency table.

Elementary Students’ Subject Preferences

English Total

Males

Females

Total

Section 10 — Topic 2

Relationship between Two Categorical Variables -

Marginal and Joint Relative Frequency - Part 2

Let’s Practice!

1. Asurvey of high school students asked if they play video

games. The following frequency table was created based

on their responses.

Student Video Game Activity

Why do you think these ratios are called relative frequencies?

Draw a box around the marginal relative frequencies and
circle the joint relative frequencies in the table.
Interpret the marginal relative frequency for male students.

Interpret the joint relative frequency for females who prefer
math.

Want some help? You can always ask questions on
" the Algebra Wall and receive help from other
., students, teachers, and Study Experts. You can also
help others on the Algebra Wall and earn Karma
Algebra  pints for doing so. Go to AlgebraNation.com to learn
Wall
more and get started!
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Play Do Not Play Total
Video Games | Video Games
Males 69 60
Females 65 85
Total

a. Compute the joint and marginal relative frequencies
in the table.

b. How many female students do not play video games?

c. What percentage of students interviewed were
females who do not play video games?

£BRA
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Try It!
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Consider the frequency table “Student Video Game

Activity.”

a. How many male students were interviewed?

b. One of the interviewed students is selected at
random. What is the probability that a student
interviewed is male?

c. Which numbers represent joint frequencies?

d. Which numbers represent joint relative frequencies?

e. What percentage of the subjects interviewed play
video games?

BRA
(]

BEAT THE TEST!

1. Asurvey conducted at Ambidextrous High School asked
all 1,700 students to indicate their grade level and if they
are left-handed or right-handed. Only 59 of the 491
freshmen are left-handed. Out of the 382 students in the
sophomore class, 289 of them are right-handed. There are
433 students in the junior class and 120 of them are
left-handed. There are 307 right-handed seniors.

Part A: Complete the frequency table to display the
results of the survey.

Dominant Hand Survey

i

Right-
handed
Left-
handed

Total

Part B:  What is the joint relative frequency for
right-handed freshmen?

491
Part C: What does the relative frequency

represente
1,700

Part D: Circle the smallest marginal frequency.

Want some help? You can always ask questions on
,Q the Algebra Wall and receive help from other
.' students, teachers, and Study Experts. You can also
help others on the Algebra Wall and earn Karma
Algebra  pints for doing so. Go to AlgebraNation.com to learn
Wall
more and get started!
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Relationship between Two Categorical Variables -

Section 10 - Topic 3

Conditional Relative Frequency Table

Conditional Relative Frequency

- Math English Total
Recall the students’ class subject preference data.
Males
Elementary Students’ Subject Preferences
Females
- Math English Total Total
Males 42 47 89 What percentage of male students prefer mathe
Females 35 25 60
What percentage of female students prefer math?e
Total 77 72 149

The principal says that males in the interview have a stronger
preference for math than females. Why might the principal
say thise

We can determine the answer to questions like this by
comparing conditional relative frequencies.

Complete the conditional relative frequency table on the
following page to determine whether males or females

showed stronger math preference in the survey.

264

frequencies.

These percentages are called conditional relative

» Make a conjecture as to why they are called
conditional relative frequencies.

When trying to predict a person’s class preference, does it
help to know his/her gender?

£BRA
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To evaluate whether there is a relationship between two
categorical variables, look at the conditional relative
frequencies.

> If there is a significant difference between the
conditional relative frequencies, then there is
evidence of an association between two categorical
variables.

Is there an association between gender and class
preference?

"
oR

G
lAl

/z"
=%

RA
N

Let’s Practice!

Consider the high school students who were asked if they play

video games.

Video Games Survey

- Play Do Not Play o

Video Games | Video Games
Males 69 60 129
Females 65 85 150
Total 134 145 279

1. What percentage of the students who do not play video

games are female?

2. Given that a student is female, what is the probability that
the student does not play video games?

Try If!

3. Of the students who are male, what is the probability that
the student plays video games?

4. What percentage of the students who play video games

are male?

Section 10: Two-Variable Statistics
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BEAT THE TEST!

Freshmen and sophomores were asked about their
preferences for an end-of-year field trip for students who
pass their final examinations. Students were given the
choice to visit an amusement park, a water park, or a
mystery destination. A random sample of 100 freshmen
and sophomores was selected. The activities coordinator
consfructed a frequency table to analyze the data.

Students’ Field Trip Preferences

Amusement Water Mystery Total
Park Park Destination

Freshmen 25 10 20 55
Sophomores 35 5 5 45
Total 60 15 25 100

10
Part A: What does the relative frequency s represente

Part B: What percentage of students who want to go o
an amusement park are sophomores?

Part C: What activity should the coordinator schedule for
sophomores?e Justify your answer.

’ the Algebra Wall and receive help from other
., students, teachers, and Study Experts. You can also
help others on the Algebra Wall and earn Karma
Algebra  pints for doing so. Go to AlgebraNation.com to learn
Wall
more and get started!

‘ Want some help? You can always ask questions on
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Section 10 — Topic 4
Scatter Plots and Function Models

Let's consider quantitative data involving two variables.

Consider the data below showing the performance
intelligence quotient (IQ) scores and height (in inches) of 38
college students.

Person’s Height and IQ Score

Height Performance Height Performance
(in Inches) IQ Score (in inches) IQ Score
64.5 124 66 90
73.3 150 68 96
68.8 128 68.5 120
65 134 73.5 102
69 110 66.3 84
64.5 131 70 86
66 98 76.5 84
66.3 84 62 134
68.8 147 68 128
64.5 124 63 102
70 128 72 131
69 124 68 84
70.5 147 77 110
63 72 66.5 81
66.5 124 66.5 128
62.5 132 70.5 124
67 137 64.5 94
75.5 110 74 74
69 86 75.5 89

Source: Willerman, L., Schultz, R., Rutledge, J. N., and Bigler, E. (1991), In Vivo Brain Size and Intelligence,
Intelligence, 15, 223-228.

A scatter plot of the data is also shown on the following page.

A scaftter plot is a graphical representation of the relationship
between two quantitative variables.

£BRA
NATION

Section 10: Two-Variable Statistics



A

150
140
130
120
110
100
90
80
70

Performance IQ Score

Person's Height and IQ Score

60

60 62 64 66 68 70 72 74 76 78>

Height (in inches)

Source: Willerman, L., Schultz, R., Rutledge, J. N., and Bigler, E. (1991), In Vivo Brain Size
and Inteligence, Inteligence, 15, 223-228.

What do the values on the x-axis represente

What do the values on the y-axis represente

What does the ordered pair (66,90) represent?

Describe the relationship between height and Performance 1Q

Score.
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Let’s Practice!

1. Classify the relationship represented in each of the scatter

plots below as linear, quadratic, or exponential.

16®

10

20
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Try It!

2. Over a nine-month period, students at Oak Grove High
School collected data on their total number of Instagram
posts each month. The results are summarized below.

Instagram Posts

Month

1

2

3

4

5

6

# Posts

36

52

108

146

340

515

742

1,042

1,529

Create a scatter plot for this data set.
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3.

Recall the data on the total number of Instagram posts
per month for students at Oak Grove High School. The
linear regression equation fit to this data is represented by
f(x) below, and the exponential regression equation fit to
this data is represented by g(x).

f(x) = 176.32x — 380.47
g(x) = 23.30 - 1.62%

a. Whatis the predicted number of posts for month 11
using the linear functione

b. Whatis the predicted number of posts for month 11
using the exponential function?

c. Isthe linear equation or the exponential equation the
best model for this data?2
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BEAT THE TEST!

The scatter plot below shows the number of violent crimes
committed in the United States for the years 1993-2012.

Violent Crimes in the United States

2000000
1800000
1600000
1400000
1200000
1000000
800000
600000
400000
200000
0

Number of Violent Crimes Committed

0 2 46 8 101214161820>
Years Since 1993

Source: United States Department of Justice, https://ucr.fbi.gov/

The linear equation that best models this relationship is

y = —31,256x + 1,773,900, where x represents the number
of years since 1993 and y represents the number of violent
crimes.

If the frend continues, predict the number of violent
crimes in the year 2020.

Want some help? You can always ask questions on
the Algebra Wall and receive help from other
students, teachers, and Study Experts. You can also
help others on the Algebra Wall and earn Karma
Points for doing so. Go to AlgebraNation.com to learn
more and get started!
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Section 10 — Topic 5
Residuals and Residual Plots — Part 1

Over a nine-month period, students in Mrs. Coleman’s class at
Satellite High School collected data on their total number of
Instagram posts each month. The data is summarized below:

Instagram Posts

Month 1 2 3 4 5 6 7 8 9
# Posts | 36 52 | 108 | 146 | 340 | 515 | 742 |1,042|1,529

Instagram Posts

2000
1800
1600
1400
1200
1000
800
600
400
200
0

Number of Posts

01 2 3 450678 910
Month

Let’'s consider which function should be used to fit the data:
the linear function f(x) = 176.32x — 380.47 or the exponential
function g(x) = 23.30 - 1.62*.
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A residual is the difference between an actual data value

and the predicted value.

» Residual = actual y — predicted y

Fillin the blanks to complete the following charts.

Linear Function: f(x) = 176.32x — 380.47

Month G eelEze Residual
Posts Value
1 36 -204.15 240.15
2 52 —27.83 79.83
3 108 148.49
4 146 324.81 —-178.81
5 340 501.13 -161.13
6 515 677.45 -162.45
7 742 853.77 -111.77
8 1,042 1,030.09 11.91
9 1,529 322.59

Exponential Function: g(x) = 23.30 x 1.62*

# Predicted .

Month Posts Value Residual

1 36 37.75 -1.75

2 52 61.15 -9.15

3 108 99.06 8.94

4 146 160.48 —14.48

5 340

6 515 421.16 93.84

7 742 682.28 59.72

8 1,042

9 1,529 1,790.57 —-261.57
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fwo models?

is below.
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Section 10: Two-Variable Statistics

What do you notice about the values of the residuals for the

A

] »
01 2 8 4 5 6 7 8 9 10

Months

To determine whether or not a function is a good fit, look at a
residual plot of the data.

The residual plot for the linear function f(x) = 176.32x — 380.47

» Aresidual plot is a graph of the residuals (y-axis) versus
the x-values (x-axis).
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Let’s Practice!

1. The residuals for the exponential function fitted to model
the number of posts on Instagram are shown below. Use

the table of residuals to construct a residual plot of the
data.

Instagram Posts

x 1 2 3 4 5 6 7 8 9
Residual | -1.75 | -9.15 | 8.94 | -14.48 | 80.03 | 93.84 | 59.72 | -63.29 | -261.57
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Try It

2.

Consider the residual plots for the linear and exponential
models of the class’s Instagram posts. Which function fits
the data beftter: the linear or the exponential function?2
How do you know?

Want some help? You can always ask questions on
‘ the Algebra Wall and receive help from other
,’ students, teachers, and Study Experts. You can also
help others on the Algebra Wall and earn Karma
Algebra

Points for doing so. Go to AlgebraNation.com to learn
Wall
more and get started!
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Section 10 - Topic é Let's Practice!
Residuals and Residual Plots — Part 2
1. If adataset has a quadratic trend and a quadratic
What do you function is fit to the data, what will the residual plot look
Scatter Plot Residual Plot e B2 CLen)] th? like?e
scatter plot and its
residual plot?
A
9
2. If a data set has a quadratic trend and a linear function is
fit to the data, what will the residual plot look like?
9
A A
9
[ ALGEBRA
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Try It!

3.
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2Q

\
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Suppose models were fitted for several data sets using
linear regression. Residual plots for each data set are
shown below. Circle the plot(s) that indicate that the
original data set has a linear relationship.
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Suppose a quadratic function is fit to a set of data. Which

BEAT THE TEST!

of the following residual plots indicates that this function
was an appropriate fit for the data?

OB X
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Y
Y
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Y

Y

2

Algebra
Wall

Want some help? You can always ask questions on
the Algebra Wall and receive help from other
students, teachers, and Study Experts. You can also
help others on the Algebra Wall and earn Karma

Points for doing so. Go to AlgebraNation.com to learn

more and get started!

Section 10: Two-Variable Statistics

273



Section 10 - Topic 7
Examining Correlation

The scaftter plot below shows the number of violent crimes in
the United States from 1993 to 2012.

Violent Crimes in the United States
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0

mes Committed
[ ]
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Number of Violent

0 2 4 6 8 101214161820>
Years Since 1993

Source: United States Department of Justice, https://ucr.fbi.gov/

Describe the relationship between the years since 1993 and

the number of violent crimes committed in the United States.

The correlation coefficient, r, measures the strength and
direction of the linear association between two quantitative
variables.

» —-1<r<+1

> ris unitless

274

Using the values in the boxes, indicate which of the following
values of r best describes each of the scatter plofts.

r=-0.001|r =+0.790 |r = —-0.991 | r = +0.990 | r = —0.547

» The closer the points are to the line, the
the absolute value of r will be.

» The closerristo 0, the
is between x and y.

the relationship

» r=+0.450 and r = —0.450 both indicate the
strength of association between the

variables.

Strength of a Linear Relationship

r=-1.00 r = 0.00 r=+1.00
Perfect Negative No Linear Perfect Positive
Linear Relationship Linear
Relationship Relationship
[ atGEBRA

NATION
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Let’s Practice!

1. Albert, anice cream vendor at Jones Beach, records the
number of cones he sells each day as well as the daily
high temperature. The table below shows his data for one
week.

Relationship between Temperature and Cones Sold

Temperature (°F) | 81 | 72 | 88 | 85 | 89 | 90 | 87
Cones Sold 55|36 |67 |65 |72|75|73

Use a calculator to calculate the correlation coefficient.

T =

2. How do you think outliers affect the value of the
correlation coefficiente

3. Recall the data for the number of violent crimes
committed in the United States from 1993-2012. What does
the value of the correlation coefficient, r = —0.907, mean
in this context?e

Violent Crimes in the United States
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Source: United States Department of Justice,
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Try It

4. The table and scatter plot below show the relationship
between the number of classes missed and final grade for
a sample of 10 students.

Relationship between Missed Classes and Final Grades

MissedClasses | 0 | 7 | 3 |2 | 3|9 |5 |3 |5]|5
Final Grade 981 86|95/85(81|169|72|93 |64 88

Use a calculator to find the correlation coefficient for the data
above and explain what the value of the correlation
coefficient means.

Final Grade and Attendance

A

105
100

Final Grade

50

01 2 3 456 7 89 157’

Number of Classes Missed

275
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There is a strong positive association between the amount
of fire damage (y) and the number of firefighters on the
scene (x). Does having more firefighters on the scene
cause greater fire damage? Justify your response.

Correlation does not imply causation!

» Causation is when one event causes
another to happen.

> Two variables can be correlated without
one causing the other.
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BEAT THE TEST!

Which of the following represents the weakest correlation?

P

Test Yourself!
Practice Tool

Great job! You have reached the end of this section.

Now it's time fo try the “Test Yourself! Practice Tool,”
where you can practice all the skills and concepts
you learned in this section. Log in to Algebra Nation
and try out the “Test Yourself! Practice Tool” so you
can see how well you know these topics!
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