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Numbers Strand

In Kindergarten through Grade 2, students learn to use whole numbers to describe sets of objects and
locations on the number line. Students in Grades 3-5 extend their understanding of numbers and place value
to include fractions and decimals for describing parts of wholes, parts of sets, and locations on the number line.
In Grades 6-8, students extend their understanding of positive numbers in fraction and decimal forms and
develop an understanding of negative numbers, which along with 0 complete the set of rational numbers. By
the end of high school, students are using real numbers, along with complex numbers, to write
numerical and algebraic expressions.

This is one of six strand documents that accompany the Washington State K-8 Mathematics Standards,
tracking the development of important mathematical ideas and skills across grades K—8. Where content of an
expectation may address more than one strand, that expectation may appear in more than one strand
document.
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Algebra 1l

Al.2. Core Content: Numbers, expressions, and operations

Performance Expectation Explanatory Comments and Examples
Students are expected to:

Al1.2.A Know the relationship between Although a formal definition of real numbers is beyond the scope of Algebra

real numbers and the number 1, students learn that every point on the number line represents a real
line, and compare and order real number, either rational or irrational, and that every real number has its
numbers with and without the unique point on the number line. They locate, compare, and order real
number line. numbers on the number line.

Real numbers include those written in scientific notation or expressed as
fractions, decimals, exponentials, or roots.

Examples:

e Without using a calculator, order the following on the number line:

J82,31,8.9,9, 37, 9.3x10°
4

e A star’s color gives an indication of its temperature and age. The chart
shows four types of stars and the lowest temperature of each type.

e Lowest( ;ec?)peratu re Color
A 1.35x10° Blue-White
B 2.08x10" Blue
G 90x10° Yellow
P 45x10" Blue

List the temperatures in order from lowest to highest.

Al.2.D Determine whether Decimal approximations of numbers are sometimes used in applications
approximations or exact values of such as carpentry or engineering, while at other times, these applications
real numbers are appropriate, may require exact values. Students should understand the difference and
depending on the context, and know that the appropriate approximation depends upon the necessary
justify the selection. degree of precision needed in given situations.

For example, 1.414 is an approximation and not an exact solution to the

equation x2 — 2 = 0, but \/E is an exact solution to this equation.

Example:
e Using a common engineering formula, an engineering student
represented the maximum safe load of a bridge to be 1000(99 — 70\/5)

tons. He used 1.41 as the approximation for \/E in his calculations.
When the bridge was built and tested in a computer simulation to verify
its maximum weight-bearing load, it collapsed! The student had
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estimated the bridge would hold ten times the weight that was applied to
it when it collapsed.

e Calculate the weight that the student thought the bridge could bear
using 1.41 as the estimate for \/E

e Calculate other weight values using estimates of \/5 that have more
decimal places. What might be a reasonable degree of precision

required to know how much weight the bridge can handle safely? Justify
your answer.

Algebra 2

A2.2. Core Content: Numbers, expressions, and operations

Performance Expectation Explanatory Comments and Examples

Students are expected to:

A2.2.A Explain how whole, integer, Example:

rational, real, and complex I . .
numbers are related a[;d identify Within which number system(s) can each of the following be

the number system(s) within solved? Explain how you know.
which a given algebraic equation

can be solved. 3x+2=5

. X2=1

1
o X°=4
] x2:2
° x2:_2

X

[ ] 7:7'c
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Mathematics 1

M1.6. Core Content: Numbers, expressions, and operations

Performance Expectation Explanatory Comments and Examples

Students are expected to:

M1.6.A Know the relationship between Although a formal definition of real numbers is beyond the scope of

real numbers and the number Mathematics 1, students learn that every point on the number line represents
line, and compare and order real  a real number, either rational or irrational, and that every real number has its
numbers with and without the unique point on the number line. They locate, compare, and order real
number line. numbers on the number line.

Real numbers include those written in scientific notation or expressed as
fractions, decimals, exponentials, or roots.

Examples:

e Without using a calculator, order the following on the number line:
V82, 3r,8.9,9, 37,93 x 10°

4

e Astar’s color gives an indication of its temperature and age. The chart
shows four types of stars and the lowest temperature of each type.

e Lowest(i'l;‘ecr:)perature Color
A 135x10" Blue-White
B 2.08x10" Blue
G 9.0x10° Yellow
P 45x10" Blue

List the temperatures in order from lowest to highest.
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Performance Expectations

Explanatory Comments and Examples

Students are expected to:

M1.6.B Determine whether
approximations or exact values
of real numbers are
appropriate, depending on the
context, and justify the
selection.

Mathematics 3

Decimal approximations of numbers are sometimes used in applications such
as carpentry or engineering, while at other times, these applications may
require exact values. Students should understand the difference and know that
the appropriate approximation depends upon the necessary degree of precision
needed in given situations.

For example, 1.414 is an approximation and not an exact solution to the
equation x> — 2 = 0, but J2 is an exact solution to this equation.

Example:

e Using a common engineering formula, an engineering student represented
the maximum safe load of a bridge to be 1000(99 — 70\/5) tons. He used

1.41 as the approximation for \/5 in his calculations. When the bridge was
built and tested in a computer simulation to verify its maximum weight-
bearing load, it collapsed! The student had estimated the bridge would hold
ten times the weight that was applied to it when it collapsed.

— Calculate the weight that the student thought the bridge could bear
using 1.41 as the estimate for \/E

— Calculate other weight values using estimates of \/; that have more
decimal places. What might be a reasonable degree of precision
required to know how much weight the bridge can handle safely?
Justify your answer.

M3.6. Core Content: Algebraic properties

Performance Expectation

Explanatory Comments and Examples

Students are expected to:

M3.6.A Explain how whole, integer,
rational, real, and complex
numbers are related, and
identify the number system(s)
within which a given algebraic
equation can be solved.

Example: Within which number system(s) can each of the following be solved?
Explain how you know.

e 3x+2=5
° )(2:]_
1
o« x=4
o X*=2
o X*=-2
X
o 7:7[
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Operations Strand

As they use their knowledge of whole numbers to describe situations that involve joining, separating, and
comparing, students in Kindergarten through Grade 2 learn to add and subtract whole numbers and use these
operations to solve problems. In Grades 3-5, students learn the meaning of multiplication and division to
describe situations that involve joining equal groups and separating sets into equal-sized groups. Students
learn to multiply and divide whole numbers, and they select from addition, subtraction, multiplication, and
division the appropriate operations needed to solve problems. Also in Grades 3-5, students use their
understanding of place value to begin to add and subtract decimals. At the same time, students use what they
have learned about the meaning of fractions and equivalent fractions to begin to add and subtract fractions. In
Grades 6-8, students apply their understanding of fractions, decimals, and properties of the operations to
extend their computational fluency to add, subtract, multiply, and divide rational numbers. Students build on
their understanding of multiplication and division to develop important concepts about ratios, rates, and
proportional relationships. By the end of high school, students are evaluating expressions and solving
equations with real numbers.

This is one of six strand documents that accompany the Washington State K-8 Mathematics Standards,
tracking the development of important mathematical ideas and skills across grades K—8. Where content of an
expectation may address more than one strand, that expectation may appear in more than one strand
document.
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Algebra 1l

Al.2. Core Content: Numbers, expressions, and operations

Performance Expectation Explanatory Comments and Examples

Students are expected to:

Al1.2.C Interpret and use integer Examples:

exponents and square and cube

roots, and apply the laws and o 23-= i

properties of exponents to 28

simplify and evaluate exponential

expressions. ., 235 3
2°3%% 25
a’b’c _b°

a’b3c’  a‘c
. \/5:\/20202:2\/5
o aeb=%aeth

Algebra 2
A2.2. Core Content: Numbers, expressions, and operations

Performance Expectation Explanatory Comments and Examples
Students are expected to:

A2.2.B Use the laws of exponents to Examples:

simplify and evaluate numeric . . . .
andpalfé]/ebraic expressions that e  Convert the following from a radical to exponential form or visa versa.
contain rational exponents. 1

o 243

. 16

. VX2+1

X2

. Wx

e Evaluate x* for x = 27
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A2.4. Core Content: Exponential and logarithmic functions and equations

Performance Expectation Explanatory Comments and Examples

Students are expected to:

Examples:
A2.4.A Know and use basic properties of
exponential and logarithmic e Given f(x) = 4x, write an equation for the inverse of this function. Graph
functions and the inverse the functions on the same coordinate grid.
relationship between them. )
e Find f(-3).

e Evaluate the inverse function at 7.
e Derive the formulas:

e Jlogya-logsb=1

e loguN =logpN - log.b

e Find the exact value of x in:

4
e logd6=3
o 10gs81 =x

e Solve fory in terms of x:

Y
e log, X =x

e 100=x-10y

Mathematics 1
M1.7. Additional Key Content:

Performance Expectation Explanatory Comments and Examples

Students are expected to:

M1.7.C Interpret and use integer Examples:

exponents and square and cube

roots, and apply the laws and o 23%-= 1

properties of exponents to 28

simplify and evaluate exponential

expressions. ., 235 3%
2°3%52 25

. @b b

a’h®c® a‘c

o \/§=\/20202=2\/E
o asb=%asib
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Mathematics 3
M3.3. Core Content: Functions and modeling

Performance Expectation Explanatory Comments and Examples

Students are expected to:

M3.3.A Know and use basic properties Examples:
of exponential and logarithmic
functions and the inverse
relationship between them.

Given f(x) = 4x, write an equation for the inverse of this function. Graph
the functions on the same coordinate grid.

e Find f(-3).

e Evaluate the inverse function at 7.
e Jlogya-logsb=1

e logaN =logpN - loga,b

¢ Find the exact value of x in:

4
e logl6=3
e logs81 =x

e Solve fory in terms of x:

y

o log, X =x

e 100=x-10y

M3.6. Core Content: Algebraic properties

Performance Expectation Explanatory Comments and Examples

Students are expected to:

M3.6.B Use the laws of exponents to Examples:
simplify and evaluate numeric

and algebraic expressions that e Convert the following from a radical to exponential form or visa versa.

contain rational exponents. 1
o 243
. V16
. 4l
X2

. Wx

e Evaluate x*? for x = 27
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Algebra Strand

In grades K-5, students prepare for algebra by learning about the properties of arithmetic and by describing
rules for patterns. They begin to work with number sentences as they build an understanding of equality. As a
transition from arithmetic to more formal algebra, students in grades 6—8 use numbers and variables in
mathematical expressions to describe situations and use their understanding of numbers and operations to
solve linear equations and deal with formulas. By the end of high school, students are working with many
different types of functions, equations, and inequalities, including those involving quadratics and
exponents.

This is one of six strand documents that accompany the Washington State K-8 Mathematics Standards,
tracking the development of important mathematical ideas and skills across grades K—8. Where content of an
expectation may address more than one strand, that expectation may appear in more than one strand
document.

Washington State K-12 Mathematics Standards 11



Algebra 1l
Al.1. Core Content: Solving problems

A1.1.A Select and justify functions
and equations to model and

A1.1.B Solve problems that can be

Performance Expectation
Students are expected to:

solve problems.

represented by linear
functions, equations, and
inequalities.

Explanatory Comments and Examples

Students can analyze the rate of change of a function represented with a table
or graph to determine if the function is linear. Students also analyze common
ratios to determine if the function is exponential.

After selecting a function to model a situation, students describe appropriate
domain restrictions. They use the function to solve the problem and interpret
the solution in the context of the original situation.

Examples:

e Acupis6cmtall, including a 1.1 cm lip. Find a function that represents the
height of a stack of cups in terms of the number of cups in the stack. Find a
function that represents the number of cups in a stack of a given height.

e For the month of July, Michelle will be dog-sitting for her very wealthy, but
eccentric, neighbor, Mrs. Buffett. Mrs. Buffett offers Michelle two different
salary plans:

Plan 1: $100 per day for the 31 days of the month.

Plan 2: $1 for July 1, $2 for July 2, $4 for July 3, and so on, with the
daily rate doubling each day.

a. Write functions that model the amount of money Michelle will
earn each day on Plan 1 and Plan 2. Justify the functions you
wrote.

b. State an appropriate domain for each of the models based on the
context.

c.  Which plan should Michelle choose to maximize her earnings?
Justify your recommendation mathematically.

d. Extension: Write an algebraic function for the cumulative pay for
each plan based on the number of days worked.

It is mathematically important to represent a word problem as an equation.
Students must analyze the situation and find a way to represent it
mathematically. After solving the equation, students think about the solution in
terms of the original problem. Examples:

e The assistant pizza maker makes 6 pizzas an hour. The master pizza
maker makes 10 pizzas an hour but starts baking two hours later than his
assistant. Together, they must make 92 pizzas. How many hours from
when the assistant starts baking will it take?

¢ Whatis a general equation, in function form, that could be used to
determine the number of pizzas that can be made in two or more hours?

e A swimming pool holds 375,000 liters of water. Two large hoses are used
to fill the pool. The first hose fills at the rate of 1,500 liters per hour and the
second hose fills at the rate of 2,000 liters per hour. How many hours does
it take to fill the pool completely?

12
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Performance Expectation

Explanatory Comments and Examples

Students are expected to:

A1.1.C Solve problems that can be
represented by a system of
two linear equations or
inequalities.

A1.1.D Solve problems that can be
represented by quadratic
functions and equations.

A1.1.E Solve problems that can be
represented by exponential
functions and equations.

Examples:

An airplane flies from Baltimore to Seattle (assume a distance of 2,400
miles) in 7 hours, but the return flight takes only 4% hours. The air speed of

the plane is the same in both directions. How many miles per hour does the
plane fly with respect to the wind? What is the wind speed in miles per
hour?

A coffee shop employee has one cup of 85% milk (the rest is chocolate)
and another cup of 60% milk (the rest is chocolate). He wants to make one
cup of 70% milk How much of the 85% milk and 60% milk should he mix
together to make the 70% milk?

Two plumbing companies charge different rates for their service. Clyde’s
Plumbing Company charges a $75-per-visit fee that includes one hour of
labor plus $45 dollars per hour after the first hour. We-Unclog-It Plumbers
charges a $100-per-visit fee that includes one hour of labor plus $40 per
hour after the first hour. For how many hours of plumbing work would
Clyde’s be less expensive than We-Unclog-It?

Note: Although this context is discrete, students can model it with
continuous linear functions.

Examples:

Find the solutions to the simultaneous equationsy=x+2andy = X2

If you throw a ball straight up (with initial height of 4 feet) at 10 feet per
second, how long will it take to fall back to the starting point? The function
h(t) = -16t° + vot + h, describes the height, h in feet, of an object after t
seconds, with initial velocity vy and initial height ho.

Joe owns a small plot of land 20 feet by 30 feet. He wants to double the
area by increasing both the length and the width, keeping the dimensions in
the same proportion as the original. What will be the new length and width?

What two consecutive numbers, when multiplied together, give the first
number plus 16? Write the equation that represents the situation.

Students approximate solutions with graphs or tables, check solutions
numerically, and when possible, solve problems exactly.

Examples:

E. coli bacteria reproduce by a simple process called binary fission—each
cell increases in size and divides into two cells. In the laboratory, E. coli
bacteria divide approximately every 15 minutes. A new E. coli culture is
started with 1 cell.

a. Find a function that models the E. coli population size at the end
of each 15-minute interval. Justify the function you found.

b. State an appropriate domain for the model based on the context.
c. After what 15-minute interval will you have at least 500 bacteria?

Estimate the solution to 2* = 16,384

Washington State K-12 Mathematics Standards
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Al.2. Core Content: Numbers, expressions, and operations

Performance Expectation

Explanatory Comments and Examples

Students are expected to:

A1.2.B Recognize the multiple uses of
variables, determine all
possible values of variables that
satisfy prescribed conditions,
and evaluate algebraic
expressions that involve
variables.

A1.2.E Use algebraic properties to
factor and combine like terms in
polynomials.

Students learn to use letters as variables and in other ways that increase in
sophistication throughout high school. For example, students learn that letters can be
used:

To represent fixed and temporarily unknown values in equations, such as 3x + 2 =5;
To express identities, such as x + x = 2x for all x;

As attributes in formulas, such as A = lw;

As constants such as a, b, and ¢ in the equation y = ax2 + bx + c;

As parameters in equations, such as the m and b for the family of functions defined by
y =mx +b;

To represent varying quantities, such as x in f(x) = 5x;
To represent functions, such as f in f(x) = 5x; and
To represent specific numbers, such as 7.

Expressions include those involving polynomials, radicals, absolute values, and integer
exponents.
Examples:

e For what values of a and n, where n is an integer greater than 0, is an
always negative?

1

e For what values of ais & an integer?

Algebraic properties include the commutative, associative, and distributive
properties.

Factoring includes:
e Factoring a monomial from a polynomial, such as 4x% + 6x = 2x(2x + 3);

e Factoring the difference of two squares, such as 36x° — 25y =
(gx +45y)(6x —5y)and .
X =y = (X +y) X —y) X"+ y%);
e Factoring perfect square trinomials, such as x> + 6xy + 9y? = (x + 3y)%

e Factoring quadratic trinomials such as
X2+ 5x +4 = (x +4)(x + 1); and

e Factoring trinomials that can be expressed as the product of a constant
and a trinomial, such as 0.5x*— 2.5x — 7 = 0.5(x + 2)(x — 7).

14
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Performance Expectation Explanatory Comments and Examples

Students are expected to:

A1.2.F Add, subtract, multiply, and Write algebraic expressions in equivalent forms using algebraic properties to
divide polynomials. perform the four arithmetic operations with polynomials.

Students should recognize that expressions are essentially sums, products,
differences, or quotients. For example, the sum 2x* + 4x can be written as a
product, 2x(x + 2).

Examples:

o (BXC—4x+5)+ (xXP+x—4)+ (2F+2x + 1)

o (2¢—4)—(x*+3x-23)

2x*> 6

9 2%

Al.3. Core Content: Characteristics and behaviors of functions

Performance Expectation Explanatory Comments and Examples

Students are expected to:

A1.3.A Determine whether a Functions studied in Algebra 1 include linear, quadratic, exponential, and
relationship is a function and those defined piecewise (including step functions and those that contain the
identify the domain, range, absolute value of an expression).
roots, and independent and
dependent variables. Given a problem situation, students should describe further restrictions on

the domain of a function that are appropriate for the problem context.

Examples:
e Which of the following are functions? Explain why or why not.

The age in years of each student in your math class and each
student’s shoe size.

The number of degrees a person rotates a spigot and the volume of
water that comes out of the spigot.

e Afunction f(n) = 60n is used to model the distance in miles traveled by a

car traveling 60 miles per hour in n hours. Identify the domain and range

of this function. What restrictions on the domain of this function should
be considered for the model to correctly reflect the situation?

e What is the domain of f(x) = V5-x ?

Washington State K-12 Mathematics Standards 15



Performance Expectation

e Which of the following equations, inequalities, or graphs determine y as
a function of x?

y=2
X=3
y =1
:{x+3, X <1
X—2, x>1
X +yr=1

&
<

v
N

Explanatory Comments and Examples

Students are expected to:

A1.3.B Represent a function with a
symbolic expression, as a
graph, in a table, and using
words, and make connections
among these representations.

A1.3.C Evaluate f(x) ata (i.e., f(a)) and
solve for x in the equation
f(x) = b.

This expectation applies each time a new class (family) of functions is
encountered. In Algebra 1, students should be introduced to a variety of

additional functions that include expressions such as X2, \/; , 1 and absolute
X

values. They will study these functions in depth in subsequent courses.

Students should know that f(x) = a represents an inverse variation. Students
X

begin to describe the graph of a function from its symbolic expression, and use
key characteristics of the graph of a function to infer properties of the related
symbolic expression.

Translating among these various representations of functions is an important
way to demonstrate conceptual understanding of functions.

Students learn that each representation has particular advantages and
limitations. For example, a graph shows the shape of a function, but not
exact values. They also learn that a table of values may not uniquely
determine a single function without some specification of the nature of
that function (e.g., it is quadratic).

Functions may be described and evaluated with symbolic expressions, tables,
graphs, or verbal descriptions.

Students should distinguish between solving for f(x) and evaluating a function
at x.

16
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Example:

Roses-R-Red sells its roses for $0.75 per stem and charges a $20 delivery
fee per order.

What is the cost of having 10 roses delivered?

How many roses can you have delivered for $65?

Al.4. Core Content: Linear functions, equations, and inequalities

Performance Expectation

Explanatory Comments and Examples

Students are expected to:

A1.4.A Write and solve linear equations
and inequalities in one variable.

A1.4.B Write and graph an equation for a
line given the slope and the y-
intercept, the slope and a point
on the line, or two points on the
line, and translate between forms
of linear equations.

This expectation includes the use of absolute values in the equations and
inequalities.

Examples:

Write an absolute value equation or inequality for

all the numbers 2 units from 7, and

all the numbers that are more than b units from a.
Solve |x — 6| <4 and locate the solution on the number line.
Write an equation or inequality that has

no real solutions;

infinite numbers of real solutions; and

exactly one real solution.

Solve for x in 2(x — 3) + 4x = 15 + 2x.

Solve 8.5 < 3x + 2 £ 9.7 and locate the solution on the number line.

Linear equations may be written in slope-intercept, point-slope, and standard
form.

Examples:

Find an equation for a line with y-intercept equal to 2 and slope equal to
3.

Find an equation for a line with a slope of 2 that goes through the point
(1, 1).

Find an equation for a line that goes through the points (-3, 5) and
(6, -2).

For each of the following, use only the equation (without sketching the
graph) to describe the graph.

y=2x+3
y—7=2(x-2)

Write the equation 3x + 2y = 5 in slope intercept form.

Write the equation y — 1 = 2(x — 2) in standard form.

Washington State K-12 Mathematics Standards
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Performance Expectation

Explanatory Comments and Examples

Students are expected to:

A1.4.C Identify and interpret the slope and

intercepts of a linear function,
including equations for parallel and
perpendicular lines.

Examples:

Distance

The graph shows the relationship between time and distance from a
gas station for a motorcycle and a scooter. What can be said about the
relative speed of the motorcycle and scooter that matches the
information in the graph? What can be said about the intersection of the
graphs of the scooter and the motorcycle? Is it possible to tell which
vehicle is further from the gas station at the initial starting point
represented in the graph? At the end of the time represented in the
graph? Why or why not?

s scooter

S, motorcycle
’l
i

Time

A 1,500-gallon tank contains 200 gallons of water. Water begins to
run into the tank at the rate of 75 gallons per hour. When will the tank
be full? Find a linear function that models this situation, draw a graph,
and create a table of data points. Once you have answered the
question and completed the tasks, explain your reasoning. Interpret
the slope and y-intercept of the function in the context of the situation.

Given that the figure below is a square, find the slope of the

perpendicular sides AB and BC. Describe the relationship between

the two slopes.
A

Y

A

18
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Performance Expectation

Explanatory Comments and Examples

Students are expected to:

A1.4.D Write and solve systems of two
linear equations and inequalities in
two variables.

A1.4.E Describe how changes in the
parameters of linear functions and
functions containing an absolute
value of a linear expression affect
their graphs and the relationships
they represent.

Students solve both symbolic and word problems, understanding that the
solution to a problem is given by the coordinates of the intersection of the
two lines when the lines are graphed in the same coordinate plane.

Examples:

e Solve the following simultaneous linear equations algebraically:
2X+y=2
X+y=-1

e Graph the above two linear equations on the same coordinate plane
and use the graph to verify the algebraic solution.

e An academic team is going to a state mathematics competition. There
are 30 people going on the trip. There are 5 people who can drive and
2 types of vehicles, vans and cars. A van seats 8 people, and a car
seats 4 people, including drivers. How many vans and cars does the
team need for the trip? Explain your reasoning.

Let v = number of vans and ¢ = number of cars.
v+c<5
8v +4c > 30

In the case of a linear function y = f(x), expressed in slope-intercept form
(y = mx + b), m and b are parameters. Students should know that f(x) = kx
represents a direct variation (proportional relationship).

Examples:

e Graph a function of the form f(x) = kx, describe the effect that
changes on k have on the graph and on f(x), and answer questions
that arise in proportional situations.

e A gas station’s 10,000-gallon underground storage tank contains
1,000 gallons of gasoline. Tanker trucks pump gasoline into the tank
at a rate of 400 gallons per minute. How long will it take to fill the
tank? Find a function that represents this situation and then graph the
function. If the flow rate increases from 400 to 500 gallons per minute,
how will the graph of the function change? If the initial amount of
gasoline in the tank changes from 1,000 to 2,000 gallons, how will the
graph of the function change?

Compare and contrast the functions y = 3|x| and  _ gl‘x‘.
3
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A1.5. Core Content: Quadratic functions and equations

Performance Expectation

Explanatory Comments and Examples

Students are expected to:

A1.5.A Represent a quadratic function with
a symbolic expression, as a graph,
in a table, and with a description,
and make connections among the
representations.

A1.5.B Sketch the graph of a quadratic
function, describe the effects that
changes in the parameters have on
the graph, and interpret the x-
intercepts as solutions to a
quadratic equation.

A1.5.C Solve quadratic equations that can
be factored as (ax + b)(cx + d)
where a, b, ¢, and d are integers.

Example:

e Kendre and Tyra built a tennis ball cannon that launches tennis balls
straight up in the air at an initial velocity of 50 feet per second. The
mouth of the cannon is 2 feet off the ground. The function h(t) = -16t% +
50t + 2 describes the height, h, in feet, of the ball t seconds after the
launch.

Make a table from the function. Then use the table to sketch a graph
of the height of the tennis ball as a function of time into the launch.
Give a verbal description of the graph. How high was the ball after 1
second? When does it reach this height again?

Note that in Algebra 1, the parameter b in the term bx in the quadratic form
ax® + bx + ¢ is not often used to provide useful information about the
characteristics of the graph.

Parameters considered most useful are:

e aandcinf(x)=ax’+c

e a h,andkin f(x) = a(x — h)® + k, and

e a,r,andsinf(x)=a(x—r)(x—s)

Example:

e A particular quadratic function can be expressed in the following two
ways:
f(x) = -(x — 3)% + 1
f(x) = -(x—2)(x - 4)
— What information about the graph can be directly inferred from
each of these forms? Explain your reasoning.

— Sketch the graph of this function, showing the roots.

Students learn to efficiently solve quadratic equations by recognizing and
using the simplest factoring methods, including recognizing special
quadratics as squares and differences of squares.

Examples:

. 2x2+x—3=0;(x—1)(2x+3)=0;x=1,_g
. 4x2+6x=0;2x(2x+3)=0;x=0,gg

. 36x2—25=0;(6x+5)(6x—5)=0;x= S

6
o X+6x+9=0;(x+3°=0;x=-3
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Performance Expectation Explanatory Comments and Examples

Students are expected to:

A1.5.D Solve quadratic equations that Students solve those equations that are not easily factored by completing the
have real roots by completing square and by using the quadratic formula. Completing the square should also
the square and by using the be used to derive the quadratic formula.

quadratic formula. o _
Students learn how to determine if there are two, one, or no real solutions.

Examples:
e Complete the square to solve x* + 4x = 13.
x> +4x-13=0
X+ dx +4=17
(x +2°=17
X+2=+17
x=-2 +17
X=212,-6.12

e Use the quadratic formula to solve 4x% - 2x = 5.

x = 1.40, -0.90
Al.7. Additional Key Content:
Performance Expectation Explanatory Comments and Examples
Students are expected to:
A1.7.A Sketch the graph for an Examples:

exponential function of the form
y = ab" where n is an integer,
describe the effects that changes &  You have won a door prize and are given a choice between two
in the parameters a and b have on options:

the graph, and answer questions $150 invested for 10 years at 4% compounded annually.

that arise in situations modeled by $200 invested for 10 years at 3% compounded annually.
exponential functions.

e Sketch the graph of y = 2" by hand.

How much is each worth at the end of each year of the
investment periods?
Are the two investments ever equal in value? Which will you
choose?

A1.7.B Find and approximate solutions to  Students can approximate solutions using graphs or tables with and
exponential equations. without technology.
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Performance Expectation Explanatory Comments and Examples
Students are expected to:

A1.7.C Express arithmetic and geometric =~ Examples:
sequences in both explicit and
recursive forms, translate between
the two forms, explain how rate of
change is represented in each
form, and use the forms to find
specific terms in the sequence. e Given that u(0) = 3 and u(n + 1) = u(n) + 7 when n is a positive

integer,
a. find u(5);

b. find n so that u(n) =361; and

c. find a formula for u(n).

Write a recursive formula for the arithmetic sequence 5, 9, 13, 17, . ..
What is the slope of the line that contains the points associated with
these values and their position in the sequence? How is the slope of
the line related to the sequence?

o Write a recursive formula for the geometric sequence 5, 10, 20, 40, . .
. and determine the 100" term.

e Given that u(0) =2 and u(n + 1) = 3u(n),
a. find u(4), and
b. find a formula for u(n).
A1.7.D Solve an equation involving several Examples:

variables by expressing one

variable in terms of the others. ¢ Solve A=p + prtforp.

Solve V = 1ir*h for h or for .
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Algebra 2
A2.1. Core Content: Solving problems

Performance Expectation

Explanatory Comments and Examples

Students are expected to:

A2.1.A Select and justify functions and
equations to model and solve
problems.

A2.1.B Solve problems that can be
represented by systems of
equations and inequalities.

Examples:

A manufacturer wants to design a cylindrical soda can that will hold
500 milliliters (mL) of soda. The manufacturer's research has
determined that an optimal can height is between 10 and 15
centimeters. Find a function for the radius in terms of the height, and
use it to find the possible range of radius measurements in
centimeters. Explain your reasoning.

Dawson wants to make a horse corral by creating a rectangle that is
divided into 2 parts, similar to the following diagram. He has a 1200-
foot roll of fencing to do the job.

What are the dimensions of the enclosure with the largest total
area?

What function or equation best models this situation?

/

A
s ™

Examples:

Mr. Smith uses the following formula to calculate students’ final grades
in his Algebra 1l class: 0.4E + 0.6T = C, where E represents the score
on the final exam, and T represents the average score of all tests
given during the grading period. All tests and the final exam are worth
a maximum of 100 points. The minimum passing score on tests, the
final exam, and the course is 60.

Determine the inequalities that describe the following situation and
sketch a system of graphs to illustrate it. When necessary, round
scores to the nearest tenth.

Is it possible for a student to have a failing test score average
(i.e., T <60 points) and still pass the course?

If you answered “yes,” what is the minimum test score average a
student can have and still pass the course? What final exam score is
needed to pass the course with a minimum test score average?

A student has a particular test score average. How can (s)he figure out
the minimum final exam score needed to pass the course?

Data derived from an experiment seems to be parabolic when plotted
on a coordinate grid. Three observed data points are (2, 10), (3, 8),
and (4, 4). Write a quadratic equation that passes through the points.
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Performance Expectation

Explanatory Comments and Examples

Students are expected to:

A2.1.C Solve problems that can be

represented by quadratic functions,
equations, and inequalities.

A2.1.D Solve problems that can be

represented by exponential and
logarithmic functions and
equations.

In addition to solving area and velocity problems by factoring and
applying the quadratic formula to the quadratic equation, students use
the vertex form of the equation to solve problems about maximums,
minimums, and symmetry.

Examples:

e The Gateway Arch in St. Louis has a special shape called a
catenary, which looks a lot like a parabola. It has a base width of 600
feet and is 630 feet high. Which is taller, this catenary arch or a
parabolic arch that has the same base width but has a height of 450
feet at a point 150 feet from one of the pillars? What is the height of
the parabolic arch?

e Fireworks are launched upward from the ground with an initial
velocity of 160 feet per second. The formula for vertical motion is
h(t) = 0.5at” + vt + s, where the gravitational constant, a, is -32 feet
per square second, v represents the initial velocity, and s represents
the initial height. Time t is measured in seconds, and height h is
measured in feet.

For the ultimate effect, the fireworks must explode after they reach
the maximum height. For the safety of the crowd, they must explode
at least 256 ft. above the ground. The fuses must be set for the
appropriate time interval that allows the fireworks to reach this
height. What range of times, starting from initial launch and ending
with fireworks explosion, meets these conditions?

Examples:

If you need $15,000 in 4 years to start college, how much money
would you need to invest now? Assume an annual interest rate of
4% compounded monthly for 48 months.

The half-life of a certain radioactive substance is 65 days. If there are 4.7
grams initially present, how long will it take for there to be less than 1
gram of the substance remaining?
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Performance Expectation

Explanatory Comments and Examples

Students are expected to:

A2.1.E Solve problems that can be
represented by inverse variations of
the forms f(x) = % + b,

f(x) = Xi +b, and f(x) = (bxi 5

Examples:

At the You're Toast, Dude! toaster company, the weekly cost to run
the factory is $1400, and the cost of producing each toaster is an
additional $4 per toaster.

¢ Find a function to represent the weekly cost in dollars, C(x), of
producing x toasters. Assume either unlimited production is possible
or set a maximum per week.

e Find a function to represent the total production cost per toaster for a
week.

e How many toasters must be produced within a week to have a total
production cost per toaster of $8?

e A person’s weight varies inve