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HS Algebraic Functions A First Semester 

Module 1: Polynomial, Rational, and Radical Relationships  
Unit 1:  Polynomials – From Base Ten to Base X 

In this module, students draw on their foundation of the analogies between polynomial arithmetic and base‐ten computation, focusing on properties of operations, particularly the 
distributive property (A‐APR.1, A‐SSE.2).  Students connect multiplication of polynomials with multiplication of multi‐digit integers, and division of polynomials with long division of 
integers (A‐APR.1, A‐APR.6).  Students identify zeros of polynomials, including complex zeros of quadratic polynomials, and make connections between zeros of polynomials and 
solutions of polynomial equations (A‐APR.3).  The role of factoring, as both an aid to the algebra and to the graphing of polynomials, is explored (A‐SSE.2, A‐APR.2, A‐APR.3, F‐IF.7c).  
Students continue to build upon the reasoning process of solving equations as they solve polynomial, rational, and radical equations, as well as linear and non‐linear systems of 
equations (A‐REI.1, A‐REI.2, A‐REI.6, A‐REI.7).  The module culminates with the fundamental theorem of algebra as the ultimate result in factoring.  Connections to applications in 
prime numbers in encryption theory, Pythagorean triples, and modeling problems are pursued.    
An additional theme of this module is that the arithmetic of rational expressions is governed by the same rules as the arithmetic of rational numbers.  Students use appropriate tools 
to analyze the key features of a graph or table of a polynomial function and relate those features back to the two quantities in the problem that the function is modeling (F‐IF.7c). 

Big Idea: 

 A polynomial function, in the variable x, may be written as   

               
where n is a non-negative integer (called the degree of the polynomial) and each coefficient, ai is a real number for i = 0, 1, ..., n. 
Otherwise, the polynomial may be equal to 0, and in this case, we say the degree is undefined. 

 The Remainder Theorem can be used to determine roots of polynomials. 

 The long division algorithm for polynomials can be used to determine horizontal or oblique asymptotes of rational functions. 

Essential 
Questions: 

 What is a polynomial? 

 How can rewriting the equation of a rational function (using long division of polynomials) give further information about its graph? 

Vocabulary 
Polynomial, standard form (of a polynomial), degree, leading coefficient, constant term, rational expression, parabola, complex number 
(quadratic, factor, system of Equations) 

Standard Common Core Standards Explanations & Examples Comments 
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A.SSE.A.2 

A. Interpret the structure of expressions 
 
Use the structure of an expression to identify ways to 
rewrite it. For example, see x

4
 – y

4
 as (x

2
)

2
 – (y

2
)

2
, thus 

recognizing it as a difference of squares that can be 
factored as (x

2
 – y

2
)(x

2
 + y

2
). 

 
HS.MP.2. Reason abstractly and quantitatively. 
HS.MP.7. Look for and make use of structure. 

Students should extract the greatest common factor (whether a 
constant, a variable, or a combination of each). If the remaining 
expression is quadratic, students should factor the expression further. 
Example: 

 Factor xxx 352 23   
 
A.SSE.2  Rewrite algebraic expressions in different equivalent forms 
such as factoring or combining like terms. 

 Use factoring techniques such as common factors, grouping, 
the difference of two squares, the sum or difference of two 
cubes, or a combination of methods to factor completely. 

 Simplify expressions including combining like terms, using the 
distributive property and other operations with polynomials. 

 

In Algebra II, tasks are 
limited to polynomial, 
rational, or exponential 
expressions. Examples: 
see x

4
–y

4
 as (x

2
)

2
– (y

2
)

2
, 

thus recognizing it as a 
difference of squares that 
can be factored as (x

2
– 

y
2
)(x

2
+y

2
). In the equation 

x
2
 + 2x + 1 + y

2
= 9, see an 

opportunity to rewrite 
the first three terms as 
(x+1)

2
, thus recognizing 

the equation of a circle 
with radius 3 and center 
(– 1, 0). See (x

2
+ 4)/(x

2
+ 3) 

as ((x
2
+3) + 1)/(x

2
+3), thus 

recognizing an 
opportunity to write it as 
1 + 1/(x

2
+ 3). Can include 

the sum or difference of 
cubes, and factoring by 
grouping. 
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A.APR.C.4 

C. Use polynomial identities to solve problems 
 
Prove polynomial identities and use them to describe 
numerical relationships. For example, the polynomial 
identity (x

2
+y

2
)2 = (x

2
– y

2
)

2
 + (2xy)

2
 can be used to 

generate Pythagorean triples. 
 
HS.MP.7. Look for and make use of structure. 
HS.MP.8. Look for and express regularity in repeated 
reasoning. 

A.APR.4  Understand that polynomial identities include but are not 
limited to the product of the sum and difference of two terms,  the 
difference of two squares, the sum and difference of two cubes, the 
square of a binomial, etc . 
A.APR.4  Prove polynomial identities by showing steps and providing 
reasons. 
A.APR.4  Illustrate how polynomial identities are used to determine 
numerical relationships such as 
252   = (20 + 5)2   = 202  + 2 • 20 • 5 + 52 
 
 
Examples: 
Use the distributive law to explain why x

2
 – y

2
 = (x – y)(x + y) for any 

two numbers x and y. 
Derive the identity (x – y)

2
 = x

2
 – 2xy + y

2
 from (x + y)

2
 = x

2
 + 2xy + y

2
 by 

replacing y by –y. 
Use an identity to explain the pattern 
22 – 12 = 3 
32 – 22 = 5 
42 – 32 = 7 
52 – 42 = 9 
[Answer: (n + 1)

2
 - n

2
 = 2n + 1 for any whole number n.] 

Prove and apply. 
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HS Algebraic Functions A First Semester 

Module 1: Polynomial, Rational, and Radical Relationships  
Unit 2: Factoring – Its Use and Its Obstacles  

  

Big Idea: 

  

Essential 
Questions: 

  

Vocabulary 
Polynomial, standard form (of a polynomial), degree, leading coefficient, constant term, rational expression, parabola, complex number 
(quadratic, factor, system of Equations) 

Standard Common Core Standards Explanations & Examples Comments 

N.Q.A.2 A. Reason qualitatively and units to solve 
problems 

Define appropriate quantities for the purpose of 
descriptive modeling. 
 
HS.MP.4. Model with mathematics. 
HS.MP.6. Attend to precision. 

Examples: 

 What type of measurements would one use to determine 
their income and expenses for one month? 

 How could one express the number of accidents in Arizona? 

This standard will be 
assessed in Algebra II by 
ensuring that some 
modeling tasks (involving 
Algebra II content or 
securely held content 
from previous grades and 
courses) require the 
student to create a 
quantity of interest in the 
situation being described 
(i.e., this is not provided 
in the task). For example, 
in a situation involving 
periodic phenomena, the 
student might 
autonomously decide 
that amplitude is a key 
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variable in a situation, 
and then choose to work 
with peak amplitude. 

A.SSE.A.2 A. Interpret the structure of expressions 

Use the structure of an expression to identify ways to 
rewrite it. For example, see x

4
 – y

4
 as (x

2
)

2
 – (y

2
)

2
, thus 

recognizing it as a difference of squares that can be 
factored as (x

2
 – y

2
)(x

2
 + y

2
). 

 
HS.MP.2. Reason abstractly and quantitatively. 
HS.MP.7. Look for and make use of structure. 

Students should extract the greatest common factor (whether a 
constant, a variable, or a combination of each). If the remaining 
expression is quadratic, students should factor the expression further. 
Example: 

 Factor xxx 352 23   
 
A.SSE.2  Rewrite algebraic expressions in different equivalent forms 
such as factoring or combining like terms. 

 Use factoring techniques such as common factors, grouping, 
the difference of two squares, the sum or difference of two 
cubes, or a combination of methods to factor completely. 

 Simplify expressions including combining like terms, using the 
distributive property and other operations with polynomials. 

 

In Algebra II, tasks are 
limited to polynomial, 
rational, or exponential 
expressions. Examples: 
see x

4
–y

4
 as (x

2
)

2
– (y

2
)

2
, 

thus recognizing it as a 
difference of squares that 
can be factored as (x

2
– 

y
2
)(x

2
+y

2
). In the equation 

x
2
 + 2x + 1 + y

2
= 9, see an 

opportunity to rewrite 
the first three terms as 
(x+1)

2
, thus recognizing 

the equation of a circle 
with radius 3 and center 
(– 1, 0). See (x

2
+ 4)/(x

2
+ 3) 

as ((x
2
+3) + 1)/(x

2
+3), thus 

recognizing an 
opportunity to write it as 
1 + 1/(x

2
+ 3). Can include 

the sum or difference of 
cubes, and factoring by 
grouping. 
 

A.APR.B.2 B. Understand the relationship between zeros 
and factors of polynomials 

Know and apply the Remainder Theorem: For a 
polynomial p(x) and a number a, the remainder on 
division by x – a is p(a), so p(a) = 0 if and only if (x – a) is 
a factor of p(x). 

HS.MP.2. Reason abstractly and quantitatively. 
HS.MP.3. Construct viable arguments and critique the 
reasoning of others. 

The Remainder theorem says that if a polynomial p(x) is divided by x – 
a, then the remainder is the constant p(a).  That is, 

p(x)q(x)(x  a) p(a). So if p(a) = 0 then p(x) = q(x)(x-a). 

 Let p(x ) x5 3x 48x 2  9x 30 .  Evaluate p(-2). What 

does your answer tell you about the factors of p(x)? [Answer: 
p(-2) = 0 so x+2 is a factor.] 

 
A.APR.2  Understand and apply the Remainder Theorem. 
A.APR.2  Understand how this standard relates to A.SSE.3a. 
A.APR.2  Understand that a is a root of a polynomial function if and 

Include problems that 
involve interpreting the 
Remainder Theorem from 
graphs and in problems 
that require long division. 
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only if x-a is a factor of the function. 
 

A.APR.B.3 B. Understand the relationship between zeros 
and factors of polynomials 

Identify zeros of polynomials when suitable 
factorizations are available, and use the zeros to 
construct a rough graph of the function defined by the 
polynomial. 

HS.MP.2. Reason abstractly and quantitatively. 
HS.MP.4. Model with mathematics. 
HS.MP.5. Use appropriate tools strategically. 

 

Graphing calculators or programs can be used to generate graphs of 
polynomial functions. 

Example: 

 Factor the expression x3  4x2  59x126 and explain 

how your answer can be used to solve the equation

x3  4x2  59x126  0 . Explain why the solutions to this 

equation are the same as the x-intercepts of the graph of the 

function f (x) x
3  4x2  59x 126 . 

 
A.APR.3  Find the zeros of a polynomial when the polynomial is 
factored. 
A.APR.3  Use the zeros of a function to sketch a graph of the function. 

Knowing the upper bound 
for the number of zeros 
for a polynomial is helpful 
when identifying zeros 
(A-APR.B.3).  
 
In Algebra II, tasks include 
quadratic, cubic, and 
quartic polynomials and 
polynomials for which 
factors are not provided. 
For example, find the 
zeros of (x

2
 ‐ 1)( x

2
 + 1) . 

 

A.APR.D.6 D. Rewrite rational expressions 

Rewrite simple rational expressions in different forms; 

write a(x)/b(x) in the form q(x) + r(x)/b(x), where a(x), 

b(x), q(x), and r(x) are polynomials with the degree of 
r(x) less than the degree of b(x), using inspection, long 
division, or, for the more complicated examples, a 
computer algebra system. 

HS.MP.2. Reason abstractly and quantitatively. 
HS.MP.7. Look for and make use of structure. 

 

The polynomial q(x) is called the quotient and the polynomial r(x) is 
called the remainder. Expressing a rational expression in this form 
allows one to see different properties of the graph, such as horizontal 
asymptotes. 

Examples: 

 Find the quotient and remainder for the rational expression 
          

    
  and use them to write the expression in a 

different form. 

 Express  ( )  
    

   
 in a form that reveals the horizontal 

asymptote of its graph.  

[Answer: Error! Digit expected., so the horizontal asymptote is y = 2.] 

Include rewriting rational 
expressions that are in 
the form of a complex 
fraction. 

F.IF.C.7c C. Analyze functions using different 
representation 

Graph functions expressed symbolically and show key 
features of the graph, by hand in simple cases and using 
technology for more complicated cases. 

c. Graph polynomial functions, identifying zeros when 

F.IF.7c Polynomial functions, identifying zeros when factorable, and 
showing end behavior. 
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suitable factorizations are available, and showing end 
behavior. 

HS.MP.5. Use appropriate tools strategically. 
HS.MP.6. Attend to precision. 
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HS Algebraic Functions A First Semester 

Module 1: Polynomial, Rational, and Radical Relationships  
Unit 3: Solving and Applying Equations – Polynomial, Rational and Radical 

  

Big Idea: 
 Systems of non-linear functions create solutions more complex than those of systems of linear functions. 

 Mathematicians use the focus and directix of a parabola to derive an equation. 

Essential 
Questions: 

 Why are solving systems of nonlinear functions different than systems of linear functions? 

 Why are systems of equations used to model a situation? 
 What does the focus and directix define a parabola? 

Vocabulary 
Polynomial, standard form (of a polynomial), degree, leading coefficient, constant term, rational expression, parabola, complex number 
(quadratic, factor, system of Equations) 

Standard Common Core Standards Explanations & Examples Comments 

A.APR.D.6 D. Rewrite rational expressions 

Rewrite simple rational expressions in different forms; 

write a(x)/b(x) in the form q(x) + r(x)/b(x), where a(x), 

b(x), q(x), and r(x) are polynomials with the degree of 
r(x) less than the degree of b(x), using inspection, long 
division, or, for the more complicated examples, a 
computer algebra system. 

HS.MP.2. Reason abstractly and quantitatively. 
HS.MP.7. Look for and make use of structure. 

 

The polynomial q(x) is called the quotient and the polynomial r(x) is 
called the remainder. Expressing a rational expression in this form 
allows one to see different properties of the graph, such as horizontal 
asymptotes. 

Examples: 

 Find the quotient and remainder for the rational expression 
          

    
  and use them to write the expression in a 

different form. 

 Express  ( )  
    

   
 in a form that reveals the horizontal 

asymptote of its graph.  

Include rewriting rational 
expressions that are in 
the form of a complex 
fraction. 
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Standard Common Core Standards Explanations & Examples Comments 

A.REI.A.1 A. Understand solving equations as a process of 
reasoning and explain the reasoning 

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. 

HS.MP.2. Reason abstractly and quantitatively. 
HS.MP.3. Construct viable arguments and critique the 
reasoning of others. 
HS.MP.7. Look for and make use of structure. 

Properties of operations can be used to change expressions on either 
side of the equation to equivalent expressions. In addition, adding the 
same term to both sides of an equation or multiplying both sides by a 
non-zero constant produces an equation with the same solutions. 
Other operations, such as squaring both sides, may produce equations 
that have extraneous solutions. 
Examples: 

 Explain why the equation x/2 + 7/3 = 5 has the same solutions 
as the equation 3x + 14 = 30. Does this mean that x/2 + 7/3 is 
equal to 3x + 14? 

 Show that x = 2 and x = -3 are solutions to the equation 
        Write the equation in a form that shows these are 
the only solutions, explaining each step in your reasoning. 

In Algebra II, tasks are 
limited to simple rational 
or radical equations. 

A.REI.A.2 A. Understand solving equations as a process of 
reasoning and explain the reasoning 

Solve simple rational and radical equations in one 
variable, and give examples showing how extraneous 
solutions may arise. 

HS.MP.2. Reason abstractly and quantitatively. 
HS.MP.3. Construct viable arguments and critique the 
reasoning of others. 
HS.MP.7. Look for and make use of structure. 

Examples: 

 
   

   
   

 

 

A.REI.B.4b B. Solve equations and inequalities in one 
variable 

Solve quadratic equations in one variable. 
b.  Solve quadratic equations by inspection 
(e.g., for x2 = 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 

A.REI.4b  Solve quadratic equations in one variable by simple 
inspection, taking the square root, factoring, and completing the 
square. 

A.REI.4b   Understand why taking the square root of both sides of an 
equation yields two solutions. 

A.REI.4b  Use the quadratic formula to solve any quadratic  equation, 
recognizing the formula produces all complex solutions. Write the 
solutions in the form a ± bi , where a and b are real numbers. 

In Algebra II, in the case 
of equations having roots 
with nonzero imaginary 
parts, students write the 
solutions as a+/-bi where 
a and b are real numbers. 
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them as a ± bi for real numbers a and b. 
 
HS.MP.2. Reason abstractly and quantitatively. 
HS.MP.7. Look for and make use of structure.  
HS.MP.8. Look for and express regularity in repeated 
reasoning. 

A.REI.4b  Explain how complex solutions affect the graph of a quadratic 
equation. 

 

A.REI.C.6 C. Solve systems of equations 

Solve systems of linear equations exactly and 
approximately (e.g., with graphs), focusing on pairs of 
linear equations in two variables. 
 
HS.MP.2. Reason abstractly and quantitatively. 
HS.MP.4. Model with mathematics. 
HS.MP.5. Use appropriate tools strategically. 
HS.MP.6. Attend to precision. 
HS.MP.7. Look for and make use of structure.  
HS.MP.8. Look for and express regularity in repeated 
reasoning. 

The system solution methods can include but are not limited to 
graphical, elimination/linear combination, substitution, and modeling.  
Systems can be written algebraically or can be represented in context. 
Students may use graphing calculators, programs, or applets to model 
and find approximate solutions for systems of equations.  

Examples:  

 José had 4 times as many trading cards as Phillipe.  After José 
gave away 50 cards to his little brother and Phillipe gave 5 
cards to his friend for this birthday, they each had an equal 
amount of cards. Write a system to describe the situation and 
solve the system. 

 

 Solve the system of equations:   x+ y = 11 and 3x – y = 5.                          

 Use a second method to check your answer. 

 Solve the system of equations: 

 x – 2y + 3z = 5, x + 3z = 11, 5y – 6z = 9. 

The opera theater contains 1,200 seats, with three different prices. The 
seats cost $45 dollars per seat, $50 per seat, and $60 per seat. The 
opera needs to gross $63,750 on seat sales. There are twice as many 

In Algebra II, tasks are 
limited to 3x3 systems. 
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$60 seats as $45 seats. How many seats in each level need to be sold? 

A.REI.C.7 C. Solve systems of equations 

Solve a simple system consisting of a linear equation 
and a quadratic equation in two variables algebraically 
and graphically. For example, find the points of 
intersection between the line  
y = –3x and the circle x2 + y2 = 3. 
 
HS.MP.2. Reason abstractly and quantitatively. 
HS.MP.4. Model with mathematics. 
HS.MP.5. Use appropriate tools strategically. 
HS.MP.6. Attend to precision. 
HS.MP.7. Look for and make use of structure.  
HS.MP.8. Look for and express regularity in repeated 

reasoning. 

Example: 

 Two friends are driving to the Grand Canyon in separate cars. 
Suzette has been there before and knows the way but Andrea 
does not. During the trip Andrea gets ahead of Suzette and 
pulls over to wait for her. Suzette is traveling at a constant 
rate of 65 miles per hour. Andrea sees Suzette drive past. To 
catch up, Andrea accelerates at a constant rate. The distance 
in miles (d) that her car travels as a function of time in hours 
(t) since Suzette’s car passed is given by d = 3500t2.  

 Write and solve a system of equations to determine how long 
it takes for Andrea to catch up with Suzette. 

 

G.GPE.A.2 A. Translate between the geometric description 
and the equation for a conic section 

Derive the equation of a parabola given a focus 
and directrix. 
 
HS.MP.7. Look for and make use of structure. 
HS.MP.8. Look for and express regularity in 
repeated reasoning. 

Students may use geometric simulation software to explore parabolas. 

Examples: 

 Write and graph an equation for a parabola with focus (2, 3) 
and directrix     y = 1.  
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HS Algebraic Functions A First Semester 

Module 1: Polynomial, Rational, and Radical Relationships  
Unit 4: Complex Numbers  

  

Big Idea: 

  

Essential 
Questions: 

  

Vocabulary 
Polynomial, standard form (of a polynomial), degree, leading coefficient, constant term, rational expression, parabola, complex number 
(quadratic, factor, system of Equations) 

Standard Common Core Standards Explanations & Examples Comments 

N.CN.A.1 A. Perform arithmetic operations with 
complex numbers 

Know there is a complex number i such that i
2
 = −1, and 

every complex number has the form a + bi with a and b 
real. 

HS.MP.2. Reason abstractly and quantitatively. 
HS.MP.6. Attend to precision. 

 

 

N.CN.A.2 A. Perform arithmetic operations with 
complex numbers 

Use the relation i
2
 = –1 and the commutative, 

associative, and distributive properties to add, subtract, 
and multiply complex numbers. 

HS.MP.2. Reason abstractly and quantitatively. 
HS.MP.7. Look for and make use of structure. 

 

Example: 

 Simplify the following expression.  Justify each step using the 
commutative, associative and distributive properties. 

                                 
  ii 4723   

Solutions may vary; one solution follows: 
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N.CN.C.7 C. Use complex numbers in polynomial identities 

and equations 

Solve quadratic equations with real coefficients that 
have complex solutions. 

 

Examples: 

 Within which number system can x
2
 = – 2 be solved? Explain 

how you know. 

 Solve x
2
+ 2x + 2 = 0 over the complex numbers. 

 Find all solutions of 2x
2
 + 5 = 2x and express them in the form 

a + bi. 

 

A.APR.D.6 D. Rewrite rational expressions 

Rewrite simple rational expressions in different forms; 

write a(x)/b(x) in the form q(x) + r(x)/b(x), where a(x), 

b(x), q(x), and r(x) are polynomials with the degree of 
r(x) less than the degree of b(x), using inspection, long 
division, or, for the more complicated examples, a 
computer algebra system. 

HS.MP.2. Reason abstractly and quantitatively. 
HS.MP.7. Look for and make use of structure. 

 

The polynomial q(x) is called the quotient and the polynomial r(x) is 
called the remainder. Expressing a rational expression in this form 
allows one to see different properties of the graph, such as horizontal 
asymptotes. 

Examples: 

 Find the quotient and remainder for the rational expression 
          

    
  and use them to write the expression in a 

different form. 

 Express  ( )  
    

   
 in a form that reveals the horizontal 

asymptote of its graph.  

Include rewriting rational 
expressions that are in 
the form of a complex 
fraction. 

A.REI.A.2 A. Understand solving equations as a process of 
reasoning and explain the reasoning 

Solve simple rational and radical equations in one 
variable, and give examples showing how extraneous 

Examples: 

 52 x   
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solutions may arise. 

HS.MP.2. Reason abstractly and quantitatively. 
HS.MP.3. Construct viable arguments and critique the 
reasoning of others. 
HS.MP.7. Look for and make use of structure. 

 2152
8

7
x  

 473 x  

A.REI.B.4b B. Solve equations and inequalities in one 
variable 

Solve quadratic equations in one variable. 
b.  Solve quadratic equations by inspection 
(e.g., for x2 = 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 numbers a and b. 
 

HS.MP.2. Reason abstractly and quantitatively. 
HS.MP.7. Look for and make use of structure.  
HS.MP.8. Look for and express regularity in repeated 
reasoning. 

A.REI.4b  Solve quadratic equations in one variable by simple 
inspection, taking the square root, factoring, and completing the 
square. 

A.REI.4b   Understand why taking the square root of both sides of an 
equation yields two solutions. 

A.REI.4b  Use the quadratic formula to solve any quadratic  equation, 
recognizing the formula produces all complex solutions. Write the 
solutions in the form a ± bi , where a and b are real numbers. 

A.REI.4b  Explain how complex solutions affect the graph of a quadratic 
equation. 

 

In Algebra II, in the case 
of equations having roots 
with nonzero imaginary 
parts, students write the 
solutions as a ± bi, where 
a and b are real numbers. 
 
In this course students 
connect this previous 
work to the concept of an 
even function as it relates 
to quadratics. Students 
extend their work with 
quadratic equations from 
Algebra I to solving 
quadratic equations with 
complex roots (AREI.B.4).  
 

 

 


