
HIGLEY UNIFIED SCHOOL DISTRICT 
INSTRUCTIONAL ALIGNMENT 

 

Algebraic Functions B Semester 1 (Quarter 1)  
Unit 1: Exponential and Logarithmic Functions  

Topic A:  Real Numbers  
In Topic A, students prepare to generalize what they know about various function families by examining the behavior of exponential functions. One goal of the module is to 
show that the domain of the exponential function, (𝑥𝑥) = 𝑏𝑏𝑥𝑥, where 𝑏𝑏 is a positive number not equal to 1, is all real numbers. 

Big Idea: • Real world situations can be modeled with exponential functions. 

Essential 
Questions: 

• How can the properties of exponents help us to rewrite expressions? 
• Why are the properties of exponents useful when working with large or small numbers? 
• What are some characteristics of the graph of an exponential function? 
• How can you determine if an exponential function represents exponential growth or exponential decay? 
• When are exponential models appropriate for two-variable data? 

Vocabulary Properties of exponents, leading digit, scientific notation, order of magnitude, nth root of a number, principal nth root of a number, Euler’s number, e, average 
rate of change 

Assessment Galileo:  Module 3 Pre-assessment of Foundation Skills; Topic A Assessment 

Standard AZ College and Career Readiness Standards Explanations & Examples Comments 

N.RN.A.1 

 

A. Extend the properties of exponents to rational 
exponents 
 
Explain how the definition of the meaning of rational 
exponents follows from extending the properties of 
integer exponents to those values, allowing for a 
notation for radicals in terms of rational exponents. For 
example, we define 51/3 to be the cube root of 5 because 
we want (51/3)3 = 5(1/3)3 to hold, so (51/3)3 must equal 5. 

 

Explanation: 
Students were first introduced to exponents in 6th grade by writing and 
evaluating expressions containing integer exponents (6.EE.A.1).  In 8th 
grade, students applied the properties of integer exponents to 
generate equivalent expressions (8.EE.A.1).  In Algebra I, students 
continued their work with integer exponents as they applied the 
properties when multiplying polynomials (A-APR.A.1) and used the 
properties to transform expressions for exponential functions (A-
SSE.B.3c). 
 
In Algebra II, students build on their previous understanding of integer 
exponents to understanding rational exponents.  Students may explain 
orally or in written format how the definition of the meaning of 
rational exponents follows from extending the properties of integer 
exponents to those values, allowing for a notation for radicals in terms 
of rational exponents. 

Eureka Math 
Module 3 Lesson 3,4,5 
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The meaning of an exponent relates the frequency with which a 
number is used as a factor.  So 53 indicates that product where 5 is a 

factor 3 times.  Extend this meaning to a rational exponent, then 125
1
3 

indicates one of three equal factors whose product is 125.   
 
Students recognize that a fractional exponent can be expressed as a 
radical or root.  For example, 1

3
 is equivalent to a cube root; and 

exponent of 1
4
 is equivalent to a fourth root.   

 
Students extend the use of the power rule, (𝑏𝑏𝑛𝑛)𝑚𝑚 = 𝑏𝑏𝑛𝑛𝑚𝑚 from whole 
number exponents to rational exponents.  They compare examples 

such as �7
1
2�

2
= 7

1
2∗2 = 71 = 7 to �√7�

2
= 7 to establish a connection 

between radicals and rational exponents:  7
1
2 = √7 and , in general, 

𝑏𝑏
1
2 = √𝑏𝑏 . 

 
Examples:   

• Determine the value of x 

o 64
1
2 = 8𝑥𝑥  

o (125)𝑥𝑥 = 12 
• A biology student was studying bacterial growth.  The 

population of bacterial doubled every hour as indicated in the 
following table: 

 
How could the student predict the number of bacteria every 
half hour?  Every 20 minutes? 
 
If every hour the number of bacteria cells is being multiplied 
by a factor of 2, then on the half hour the number of cells is 

increasing by a factor of 2
1
2 .  For every 20 minutes, the 

number of cells is increasing by a factor of 2
1
3 . 
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•  

          
 
 

N.RN.A.2 

 

A. Extend the properties of exponents to rational 
exponents 
 
Rewrite expressions involving radicals and rational 
exponents using the properties of exponents. 
 
 

Explanation: 
The foundation for this standard was set in 8th grade where students 
used the properties of integer exponents to rewrite equivalent 
expessions (8.EE.A.1).   In Algebra II, students rewrite expressions 
involving radicals and rational exponents using the properties of 
exponents. 
 
Students rewrite expressions involving rational exponents as 
expressions involving radicals and simplify those expressions.   
 
Examples: 

• Rewrite the expression 8
2
3 in exponential form.  Explain how 

they are equivalent.   
 

8
2
3 = (82)

1
3 = �8

1
3�

2
 

Eureka Math 
Module 3 Lesson 3-4 
 
Review from 8th Grade: 
Module 3 Lesson 1-2 
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In the first expression, the base number is 8 and the 
exponent is 2/3. This means that the expression 
represents 2 of the 3 equal factors whose product is 
8, thus the value is 4, since  2×2×2  = 8; there are 
three factors of 2; and two of these factors multiply to 
be 4. In the second expression, there are 2 equal 
factors of 8 or 64. The exponent 1/3 represents 1 of 
the 3 equal factors of 64. Since 4×4×4 = 64 then one 
of the three factors is 4. The last expression there is 1 
of 3 equal factors of 8 which is 2 since 2×2×2 = 8. 
Then there are 2 of the equal factors of 2, which is 4. 

•  

                 
 
Students rewrite expression involving radicals as expressions using 
rational exponents and use the properties of exponents to simplify the 
expressions.   
 
Examples: 

• Given 81
3
4 = √8134 = �√814 �

3
, which form would be easiest to 

calculate without using a calculator.  Why? 
• Determine whether each equation is true or false.  Justify 

using the properties of exponents. 
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N.Q.A.2 

 

A. Reason qualitatively and units to solve 
problems 
 
Define appropriate quantities for the purpose of 
descriptive modeling. 
 
This is a modeling standard which means students 
choose and use appropriate mathematics to analyze 
situations.  Thus, contextual situations that require 
students to determine the correct mathematical model 
and use the model to solve problems are essential. 
 

Explanation: 
Students define appropriate quantities for the purpose of describing a 
mathematical model in context.   
 
This standard is taught in Algebra I and Algebra II.  In Algebra II, the 
standard will be assessed by ensuring that some modeling tasks 
(involving Algebra II content or securely held content from previous 
grades/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 variable in a 
situation, and then choose to work with peak amplitude. 
 
Example: 
Explain how the unit cm, cm2, and cm3 are relate.  Describe situations 
where each would be an appropriate unit of measure.   

Eureka Math 
Module 3 Lesson 2 

F.IF.B.6 

 

B. Interpret functions that arise in applications in 
terms of context 

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. 

 

This is a modeling standard which means students 
choose and use appropriate mathematics to analyze 
situations.  Thus, contextual situations that require 
students to determine the correct mathematical model 
and use the model to solve problems are essential. 

Explanation: 
Students were first introduced to the concept of rate of change in 
grade 6 and continued exploration of the concept throughout grades 7 
and 8.   
 
This standard is taught in Algebra I and Algebra II.  In Algebra I, 
students extended their knowledge from previous grades to non-linear 
functions (quadratic functions, square root functions, cube root 
functions, piecewise-defined functions (including step functions and 
absolute value functions), and exponential functions with domains in 
the integers).  In Algebra II, tasks have a real-world context and involve 
polynomial, exponential, logarithmic and trigonometric functions.  In 
this topic the focus will be on exponential functions.   
 

Eureka Math 
Module 3 Lesson 6 
 
This standard is revisited 
in Unit 1 Topic D. 
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 The average rate of change of a function y = f(x) over an interval [a,b] is 
𝛥𝛥𝛥𝛥

𝛥𝛥𝑥𝑥
= 𝑓𝑓(𝑏𝑏)−𝑓𝑓(𝑎𝑎)

𝑏𝑏−𝑎𝑎
. In addition to finding average rates of change from 

functions given symbolically, graphically, or in a table, students may 
collect data from experiments or simulations (ex. falling ball, velocity of 
a car, etc.) and find average rates of change for the function modeling 
the situation. 
 
Examples:   

• Let us understand the difference between 

 
Complete the tables below, and then graph the points 
(n,f(n)) on a coordinate plane for each of the formulas. 
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• In the table below, assume the function f is deifined for all real 
numbers.  Calculate ∆𝑓𝑓 = 𝑓𝑓(𝑥𝑥 + 1) − 𝑓𝑓(𝑥𝑥) in the last column.  
What do you notice about ∆𝑓𝑓?  Could the function be linear or 
exponential?  Write a linear or exponential function formula 
that generates the same input-output pairs as given in the 
table. 
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• How do the average rates of change help to support an 
argument of whether a linear or exponential model is better 
suited for a set of data?  
 
If the model ∆𝑓𝑓 was growing linearly, then the average rate of 
change would be constant. However, if it appears to be 
growing multiplicatively, then it indicates an exponential 
model. 

 
F.BF.A.1a 

 

A. Build a function that models a relationship 
between two quantities 

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. 
 

This is a modeling standard which means students 
choose and use appropriate mathematics to analyze 

Explanation: 
This standard is taught in Algebra I and Algebra II.  In Algebra II, tasks 
have a real-world context and are limited to linear functions, quadratic 
functions, and exponential functions. 
 
Students will analyze a given problem to determine the function 
expressed by identifying patterns in the function’s rate of change. They 
will specify intervals of increase, decrease, constancy, and, if possible, 
relate them to the function’s description in words or graphically. 
Students may use graphing calculators or programs, spreadsheets, or 
computer algebra systems to model functions. 
 

Eureka Math 
Module 3 Lesson 5,6 
 
This standard is revisited 
in Unit 1 Topics B, C and 
D. 
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situations.  Thus, contextual situations that require 
students to determine the correct mathematical model 
and use the model to solve problems are essential. 
 

Examples: 
• You buy a $10,000 car with an annual interest rate of 6 

percent compounded annually and make monthly payments 
of $250. Express the amount remaining to be paid off as a 
function of the number of months, using a recursion equation.  

• A cup of coffee is initially at a temperature of 93º F. The 
difference between its temperature and the room 
temperature of 68º F decreases by 9% each minute. Write a 
function describing the temperature of the coffee as a 
function of time.  

• The radius of a circular oil slick after t hours is given in feet by 
𝑟𝑟=10𝑡𝑡2−0.5𝑡𝑡, for 0 ≤ t ≤ 10. Find the area of the oil slick as a 
function of time.  

• Suppose you deposit $100 in a savings account that pays 4% 
interest, compounded annually.  At the end of each year you 
deposit an additional $50.  Write a recursive function that 
models the amount of money in the account for any year. 

 
F.LE.A.2 

 

A. Construct and compare linear, quadratic, and 
exponential models and solve problems 

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

This is a modeling standard which means students 
choose and use appropriate mathematics to analyze 
situations.  Thus, contextual situations that require 
students to determine the correct mathematical model 
and use the model to solve problems are essential. 
 

Explanation: 
This standard is taught in Algebra I and Algebra II.  In Algebra II, tasks 
are limited to solving multi-step problems by constructing linear and 
exponential functions.   
 
Students may use graphing calculators or programs, spreadsheets, or 
computer algebra systems to construct linear and exponential 
functions. 
 
Examples:   

• After a record setting winter storm, there are 10 
inches of snow on the ground! Now that the sun is 
finally out, the snow is melting. At 7 am there were 
10 inches and at 12 pm there were 6 inches of snow. 

o Construct a linear function rule to model the 
amount of snow. 

o Construct an exponential function rule to 
model the amount of snow. 

o Which model best describes the amount of 

Eureka Math 
Module 3 Lesson 1 
 
This standard is revisited 
in Unit 1 Topic C. 

7/7/2015     Page 9 of 58 
 



snow? Provide reasoning for your choice. 
 

Note: In order to write the exponential function as the 
amount of snow for every hour, connect to F.IF.8b. Students 
could start with 10(.6)x where x is the number of 5 hour 

periods then rewrite it to be 10(. 6)�
1
5𝑥𝑥� = 10 �. 6

1
5�

𝑥𝑥
≈

10(. 9)𝑥𝑥where x is the number of hours since 7am. 
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 MP.1 Make sense of problems and persevere in solving 
them. 

Students make sense of rational and real number exponents and in 
doing so are able to apply exponential functions to solve problems 
involving exponential growth and decay for continuous domains such 
as time. They explore logarithms numerically and graphically to 
understand their meaning and how they can be used to solve 
exponential equations. Students have multiple opportunities to make 
connections between information presented graphically, numerically, 
and algebraically and search for similarities between these 
representations to further understand the underlying mathematical 
properties of exponents and logarithms. When presented with a wide 
variety of information related to financial planning, students make 
sense of the given information and use appropriate formulas to 

Eureka Math 
Module 3 Lesson 1 
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effectively plan for a long-term budget and savings plan. 

MP.3 Construct viable arguments and critique the 
reasoning of others. 

 

Mathematically proficient students understand and use stated 
assumptions, definitions, and previously established results in 
constructing arguments. They make conjectures and build a logical 
progression of statements to explore the truth of their conjectures. 
They are able to analyze situations by breaking them into cases, and 
can recognize and use counterexamples. They justify their conclusions, 
communicate them to others, and respond to the arguments of others. 
They reason inductively about data, making plausible arguments that 
take into account the context from which the data arose. 
Mathematically proficient students are also able to compare the 
effectiveness of two plausible arguments, distinguish correct logic or 
reasoning from that which is flawed, and—if there is a flaw in an 
argument—explain what it is. 

Eureka Math 
Module 3 Lesson 1-4 

MP.4 Model with mathematics. Students use exponential functions to model situations involving 
exponential growth and decay. They model the number of digits 
needed to assign identifiers using logarithms. They model exponential 
growth using a simulation with collected data. The application of 
exponential functions and logarithms as a means to solve an 
exponential equation is a focus of several lessons that deal with 
financial literacy and planning a budget. Here, students must make 
sense of several different quantities and their relationships as they 
plan and prioritize for their future financial solvency. 

Eureka Math 
Module 3 Lesson 1,6 

MP.6 Attend to precision. 

 

Mathematically proficient students try to communicate precisely to 
others. They try to use clear definitions in discussion with others and in 
their own reasoning. They state the meaning of the symbols they 
choose, including using the equal sign consistently and appropriately. 
They are careful about specifying units of measure, and labeling axes to 
clarify the correspondence with quantities in a problem. They calculate 
accurately and efficiently, express numerical answers with a degree of 
precision appropriate for the problem context. 

Eureka Math 
Module 3 Lesson 3 

MP.7 Look for and make use of structure. Students extend the laws of exponents for integer exponents to 
rational and real number exponents. They connect how these laws are 
related to the properties of logarithms and understand how to 
rearrange an exponential equation into logarithmic form. Students 
analyze the structure of exponential and logarithmic functions to 

Eureka Math 
Module 3 Lesson 2,3,4 
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understand how to sketch graphs and see how the properties relate to 
transformations of these types of functions. They analyze the structure 
of expressions to reveal properties such as recognizing when a function 
models exponential growth versus decay. Students use the structure of 
equations to understand how to identify an appropriate solution 
method. 

MP.8 Look for and express regularity in repeated 
reasoning. 

Students discover the properties of logarithms and the meaning of a 
logarithm by investigating numeric examples. They develop formulas 
that involve exponentials and logarithms by extending patterns and 
examining tables and graphs. Students generalize transformations of 
graphs of logarithmic functions by examining several different cases. 

Eureka Math 
Module 3 Lesson 3,4,5,6 
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Algebraic Functions B Semester 1 (Quarter 1) 
Unit 1: Exponential and Logarithmic Functions  

Topic B:  Logarithms  
The lessons covered in Topic A familiarize students with the laws and properties of real-valued exponents. In Topic B, students extend their work with exponential 
functions to include solving exponential equations numerically and to develop an understanding of the relationship between logarithms and exponentials. 

Big Idea: 

• Logarithms can be used to solve the exponential equations modeling many real-life situations. 
• Logarithmic equations can be solved graphically through the use of technology. 
• Logarithmic functions (and logarithmic scales) can be useful to represent numbers that are very large or that vary greatly and are used to describe 

real-world situations (Richter scale, Decibels, pH scale, etc.). 
• The logarithm of a number is the exponent that another value (the base) must be raised to produce the given number. 
• Logb y = x is another way of expressing bx = y and that this logarithmic expression can be used to determine the solution of an equation where the 

unknown is in the exponent. 

Essential 
Questions: 

• What can be modeled using logarithmic functions? 
• What type of function is best to model a given situation? 
• How can logarithmic equations be solved? 
• What is a logarithm? 
• How are logarithms and exponentials related? 
• What are the key features of the graph of a logarithmic function? 
• How can a logarithmic function be represented numerically or in a table? 

Vocabulary Logarithm, common logarithm, change of base formula 

Assessment Galileo: Topic B Assessment 

Standard AZ College and Career Readiness Standards Explanations & Examples Resources 

N.Q.A.2 

 
 

A. Reason qualitatively and units to solve 
problems 
 
Define appropriate quantities for the purpose of 
descriptive modeling. 
 
 

Explanation: 
Students define appropriate quantities for the purpose of describing a 
mathematical model in context.   
 
This standard is taught in Algebra I and Algebra II.  In Algebra II, the 
standard will be assessed by ensuring that some modeling tasks 
(involving Algebra II content or securely held content from previous 
grades/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 

Eureka Math 
Module 3 Lesson 9-10 
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example, in a situation involving periodic phenomena, the student 
might autonomously decide that amplitude is a key variable in a 
situation, and then choose to work with peak amplitude. 
 
Example: 
Explain how the unit cm, cm2, and cm3 are relate.  Describe situations 
where each would be an appropriate unit of measure.   

A.CED.A.1 

 

A. Create equations that describe numbers or 
relationships 

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. 

This is a modeling standard which means students 
choose and use appropriate mathematics to analyze 
situations.  Thus, contextual situations that require 
students to determine the correct mathematical model 
and use the model to solve problems are essential. 
 

Explanation: 
This standard is taught in Algebra I and Algebra II.  In Algebra II, tasks 
are limited to exponential equations with rational or real exponents 
and rational functions.  Students recognize when a problem can be 
modeled with an equation or inequality and are able to write the 
equation or inequality.  Students create, select, and use graphical, 
tabular and/or algebraic representations to solve the problem.   
 
Equations can represent real world and mathematical problems. 
Include equations and inequalities that arise when comparing the 
values of two different functions, such as one describing linear growth 
and one describing exponential growth. 
 
Examples: 

  

 
 

 Phil purchases a used truck for $11,500. The value of the 
truck is expected to decrease by 20% each year. When will 
the truck first be worth less than $1,000? 

 
 A scientist has 100 grams of a radioactive substance. Half of 

Eureka Math 
Module 3 Lesson 7 
 
This standard is revisited 
in Unit 1 Topic D. 
 
Supplement needed for 
the “rational functions” 
portion of the standard.   
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it decays every hour. How long until 25 grams remain?  Be 
prepared to share any equations, inequalities, and/or 
representations used to solve the problem. 

 

Simple rational function example (inverse variation) 

 In kickboxing, it is found that the force, f, needed to 
break a board, varies inversely with the length, l, of 
the board. If it takes 5 lbs. of pressure to break a 
board 2 feet long, how many pounds of pressure will 
it take to break a board that is 6 feet long? 

 
Examples from Algebra I: 
 Lava coming from the eruption of a volcano follows a 

parabolic path. The height h in feet of a piece of lava t 
seconds after it is ejected from the volcano is given by 
ℎ 𝑡𝑡= −16𝑡𝑡2 + 64𝑡𝑡+ 936. After how many seconds 
does the lava reach it’s a height of 1000 feet? 

 
 The function ℎ 𝑥𝑥= 0.04𝑥𝑥2 − 3.5𝑥𝑥+ 100 defines the 

height (in feet) of a major support cable on a 
suspension bridge where x is the horizontal distance 
(in feet) from the left end of the bridge.   

o Where is the cable less than 40 feet above the 
bridge surface?   

o Where is the cable at least 60 feet above the 
bridge surface? 
 

 To be considered a ‘fuel efficient’ vehicle, a car must 
get more than 30 miles per gallon. Consider a test run 
of 200 miles. What is the possible amount of gallons of 
fuel a car can use and be considered ‘fuel-efficient’? 

 
F.BF.A.1a A. Build a function that models a relationship Explanation: 

This standard is taught in Algebra I and Algebra II.  In Algebra II, tasks 
Eureka Math 
Module 3 Lesson 7 
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between two quantities 

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. 
 

This is a modeling standard which means students 
choose and use appropriate mathematics to analyze 
situations.  Thus, contextual situations that require 
students to determine the correct mathematical model 
and use the model to solve problems are essential. 
 

have a real-world context and are limited to linear functions, quadratic 
functions, and exponential functions. 
 
Students will analyze a given problem to determine the function 
expressed by identifying patterns in the function’s rate of change. They 
will specify intervals of increase, decrease, constancy, and, if possible, 
relate them to the function’s description in words or graphically. 
Students may use graphing calculators or programs, spreadsheets, or 
computer algebra systems to model functions. 
 
Examples: 

• You buy a $10,000 car with an annual interest rate of 6 
percent compounded annually and make monthly payments 
of $250. Express the amount remaining to be paid off as a 
function of the number of months, using a recursion equation.  

• A cup of coffee is initially at a temperature of 93º F. The 
difference between its temperature and the room 
temperature of 68º F decreases by 9% each minute. Write a 
function describing the temperature of the coffee as a 
function of time.  

• The radius of a circular oil slick after t hours is given in feet by 
𝑟𝑟=10𝑡𝑡2−0.5𝑡𝑡, for 0 ≤ t ≤ 10. Find the area of the oil slick as a 
function of time.  

• Suppose you deposit $100 in a savings account that pays 4% 
interest, compounded annually.  At the end of each year you 
deposit an additional $50.  Write a recursive function that 
models the amount of money in the account for any year. 

 
This standard is revisited 
in Unit 1 Topics C and D. 

F.LE.A.4 

 

A. Construct and compare linear, quadratic, and 
exponential models and solve problems 

For exponential models, express as a logarithm the 
solution to abct = d where a, c, and d are numbers and 
the base b is 2, 10, or e; evaluate the logarithm using 
technology. 

This is a modeling standard which means students 
choose and use appropriate mathematics to analyze 
situations.  Thus, contextual situations that require 

Explanation: 
Students recognize how to rewrite values using bases 2, 10, or e. 
Students use calculators to approximate answers.  Students may use 
graphing calculators or programs, spreadsheets, or computer algebra 
systems to analyze exponential models and evaluate logarithms. 
 
Examples: 

• Solve 200𝑒𝑒0.04𝑡𝑡 = 450 for t.   
 
 

Eureka Math 
Module 3 Lesson 8,10-15 
 
This standard is revisited 
in Unit 1 Topics C and D. 
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students to determine the correct mathematical model 
and use the model to solve problems are essential. 
 

•  
    
 
 
 
 
 

•  
 
 
 
 
 

MP.1 Make sense of problems and persevere in solving 
them. 

Students make sense of rational and real number exponents and in 
doing so are able to apply exponential functions to solve problems 
involving exponential growth and decay for continuous domains such 
as time. They explore logarithms numerically and graphically to 
understand their meaning and how they can be used to solve 
exponential equations. Students have multiple opportunities to make 
connections between information presented graphically, numerically, 
and algebraically and search for similarities between these 
representations to further understand the underlying mathematical 
properties of exponents and logarithms. When presented with a wide 
variety of information related to financial planning, students make 
sense of the given information and use appropriate formulas to 
effectively plan for a long-term budget and savings plan. 

Eureka Math 
Module 3 Lesson 9 

MP.2 Reason abstractly and quantitatively. Students consider appropriate units when exploring the properties of 
exponents for very large and very small numbers. They reason about 
quantities when solving a wide variety of problems that can be 
modeled using logarithms or exponential functions. Students relate the 
parameters in exponential expressions to the situations they model. 
They write and solve equations and then interpret their solutions 
within the context of a problem. 

Eureka Math 
Module 3 Lesson 9 

MP.3 Construct viable arguments and critique the 
reasoning of others. 

 

Mathematically proficient students understand and use stated 
assumptions, definitions, and previously established results in 
constructing arguments. They make conjectures and build a logical 
progression of statements to explore the truth of their conjectures. 
They are able to analyze situations by breaking them into cases, and 

Eureka Math 
Module 3 Lesson 
7,9,12,13,14,15 
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can recognize and use counterexamples. They justify their conclusions, 
communicate them to others, and respond to the arguments of others. 
They reason inductively about data, making plausible arguments that 
take into account the context from which the data arose. 
Mathematically proficient students are also able to compare the 
effectiveness of two plausible arguments, distinguish correct logic or 
reasoning from that which is flawed, and—if there is a flaw in an 
argument—explain what it is. 

MP.4 Model with mathematics. Students use exponential functions to model situations involving 
exponential growth and decay. They model the number of digits 
needed to assign identifiers using logarithms. They model exponential 
growth using a simulation with collected data. The application of 
exponential functions and logarithms as a means to solve an 
exponential equation is a focus of several lessons that deal with 
financial literacy and planning a budget. Here, students must make 
sense of several different quantities and their relationships as they 
plan and prioritize for their future financial solvency. 

Eureka Math 
Module 3 Lesson 9 

MP.5 Use appropriate tools strategically. 

 

Mathematically proficient students consider the available tools when 
solving a mathematical problem. These tools might include pencil and 
paper, concrete models, a ruler, a protractor, a calculator, a 
spreadsheet, a computer algebra system, a statistical package, or 
dynamic geometry software. Proficient students are sufficiently 
familiar with tools appropriate for their grade or course to make sound 
decisions about when each of these tools might be helpful, recognizing 
both the insight to be gained and their limitations. For example, 
mathematically proficient high school students analyze graphs of 
functions and solutions generated using a graphing calculator. They 
detect possible errors by strategically using estimation and other 
mathematical knowledge. When making mathematical models, they 
know that technology can enable them to visualize the results of 
varying assumptions, explore consequences, and compare predictions 
with data.  They are able to use technological tools to explore and 
deepen their understanding of concepts. 

Eureka Math 
Module 3 Lesson 15 

MP.6 Attend to precision. 

 

Mathematically proficient students try to communicate precisely to 
others. They try to use clear definitions in discussion with others and in 
their own reasoning. They state the meaning of the symbols they 
choose, including using the equal sign consistently and appropriately. 
They are careful about specifying units of measure, and labeling axes to 

Eureka Math 
Module 3 Lesson 15 
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clarify the correspondence with quantities in a problem. They calculate 
accurately and efficiently, express numerical answers with a degree of 
precision appropriate for the problem context. 

MP.7 Look for and make use of structure. Students extend the laws of exponents for integer exponents to 
rational and real number exponents. They connect how these laws are 
related to the properties of logarithms and understand how to 
rearrange an exponential equation into logarithmic form. Students 
analyze the structure of exponential and logarithmic functions to 
understand how to sketch graphs and see how the properties relate to 
transformations of these types of functions. They analyze the structure 
of expressions to reveal properties such as recognizing when a function 
models exponential growth versus decay. Students use the structure of 
equations to understand how to identify an appropriate solution 
method. 

Eureka Math 
Module 3 Lesson 7,10 

MP.8 Look for and express regularity in repeated 
reasoning. 

Students discover the properties of logarithms and the meaning of a 
logarithm by investigating numeric examples. They develop formulas 
that involve exponentials and logarithms by extending patterns and 
examining tables and graphs. Students generalize transformations of 
graphs of logarithmic functions by examining several different cases. 

Eureka Math 
Module 3 Lesson 
7,8,10,11 
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Algebraic Functions B Semester 1 (Quarter 2) 
Unit 1: Exponential and Logarithmic Functions  

Topic C:  Exponential and Logarithmic Functions and their Graphs 
The lessons covered in Topic A and Topic B build upon students’ prior knowledge of the properties of exponents, exponential expression, and solving equations by extending 
the properties of exponents to all real number exponents and positive real number bases before introducing logarithms. This topic reintroduces exponential functions, 
introduces logarithmic functions, explains their inverse relationship, and explores the features of their graphs and how they can be used to model data. 

Big Idea: 

• Functions and relations can accurately model real-world relationships between variables. 
• Functions and relations can be represented in many ways. 
• Switching form one representation to another can reveal new information about a relationship. 
• Functions may be combined or decomposed using composition to obtain new functions and inverses. 

Essential 
Questions: 

• How can you determine if a relationship is growing or decaying? 
• What is the relationship between an exponential function and a logarithmic function? 
• Why is it beneficial to convert between exponential equations and logarithmic equations? 

Vocabulary Invertible function, general form of a logarithmic function, general form of an exponential function 

Assessment Galileo: Topic C Assessment 

Standard AZ College and Career Readiness Standards Explanations & Examples Resources 

F.IF.B.4 

 

B. Interpret functions that arise in applications in 
terms of context 

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. 

This is a modeling standard which means students 
choose and use appropriate mathematics to analyze 
situations.  Thus, contextual situations that require 
students to determine the correct mathematical model 

Explanation: 
This standard is taught in Algebra I and Algebra II.  In Algebra I, tasks 
have a real-world context and they are limited to linear functions, 
quadratic functions, square-root functions, cube-root functions, 
piecewise functions (including step functions and absolute-value 
functions), and exponential functions with domains in the integers.  
 
In Algebra II, tasks have a real-world context and they may involve 
polynomial, exponential, logarithmic, and trigonometric functions.  
 
Examples: 

• Jack planted a mysterious bean just outside his kitchen 
window.  Jack kept a table (shown below) of the plant’s 
growth.  He measured the height at 8:00 am each day. 

 

Eureka Math 
Module 3 Lesson 17-
18,21 
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and use the model to solve problems are essential. 
 

 
o What was the initial height of Jack’s plant? 
o How is the height changing each day? 
o If this pattern continues, how tall should Jack’s plant 

be after 8 days? 
 

Examples from Algebra I: 
• The graph represents the height (in feet) of a rocket as a 

function of the time (in seconds) since it was launched.  Use 
the graph to answer the following: 

 
a. What is the practical domain for t in this context?  Why?  
b. What is the height of the rocket two seconds after it was 

launched? 
c. What is the maximum value of the function and what 

does it mean in context?  
d. When is the rocket 100 feet above the ground? 
e. When is the rocket 250 feet above the ground?  
f. Why are there two answers to part e but only one 

practical answer for part d? 
g. What are the intercepts of this function?  What do they 

mean in the context of this problem? 
h. What are the intervals of increase and decrease on the 

practical domain?  What do they mean in the context of 
the problem?  
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• Marla was at the zoo with her mom. When they stopped to 
view the lions, Marla ran away from the lion exhibit, 
stopped, and walked slowly towards the lion exhibit until 
she was halfway, stood still for a minute then walked away 
with her mom. Sketch a graph of Marla’s distance from the 
lions’ exhibit over the period of time when she arrived until 
she left. 

 
F.IF.C.7e 

 

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. 

e. Graph exponential and logarithmic 
functions, showing intercepts and end 
behavior, and trigonometric functions, 
showing period, midline, and amplitude. 

 
This is a modeling standard which means students 
choose and use appropriate mathematics to analyze 
situations.  Thus, contextual situations that require 
students to determine the correct mathematical model 
and use the model to solve problems are essential. 
 

Explanation: 
Key characteristics include but are not limited to maxima, minima, 
intercepts, symmetry, end behavior, and asymptotes. Students may 
use graphing calculators or programs, spreadsheets, or computer 
algebra systems to graph functions. 
 
Examples: 

• Graph 𝑓𝑓(𝑥𝑥) =  10𝑥𝑥   and  𝑔𝑔(𝑥𝑥) = log 𝑥𝑥 .  Compare the key 
features of intercepts and end behavior.  Discuss how they are 
related. 

• Graph the function 𝑓𝑓(𝑥𝑥) = log3 𝑥𝑥  without using a calculator 
and identify its key features. 

• Sketch the graphs of 𝑓𝑓(𝑥𝑥) = �1
2
�
𝑥𝑥

 and 𝑔𝑔(𝑥𝑥) = �3
4
�
𝑥𝑥

on the 
same sheet of graph paper.   

o Identify the key features of each graph. 
o Where do the graphs intersect? 

Eureka Math 
Module 3 Lesson 16-
18,20-21 
 
 

F.BF.A.1a 

 

A. Build a function that models a relationship 
between two quantities 

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. 

 

This is a modeling standard which means students 
choose and use appropriate mathematics to analyze 

Explanation: 
This standard is taught in Algebra I and Algebra II.  In Algebra II, tasks 
have a real-world context and are limited to linear functions, quadratic 
functions, and exponential functions. 
 
Students will analyze a given problem to determine the function 
expressed by identifying patterns in the function’s rate of change. They 
will specify intervals of increase, decrease, constancy, and, if possible, 
relate them to the function’s description in words or graphically. 
Students may use graphing calculators or programs, spreadsheets, or 
computer algebra systems to model functions. 
 

Eureka Math 
Module 3 Lesson 22 
 
This standard is revisited 
in Unit 1 Topic D. 
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situations.  Thus, contextual situations that require 
students to determine the correct mathematical model 
and use the model to solve problems are essential. 
 

Examples: 
• You buy a $10,000 car with an annual interest rate of 6 

percent compounded annually and make monthly payments 
of $250. Express the amount remaining to be paid off as a 
function of the number of months, using a recursion equation.  

• A cup of coffee is initially at a temperature of 93º F. The 
difference between its temperature and the room 
temperature of 68º F decreases by 9% each minute. Write a 
function describing the temperature of the coffee as a 
function of time.  

• The radius of a circular oil slick after t hours is given in feet by 
𝑟𝑟=10𝑡𝑡2−0.5𝑡𝑡, for 0 ≤ t ≤ 10. Find the area of the oil slick as a 
function of time.  

• Suppose you deposit $100 in a savings account that pays 4% 
interest, compounded annually.  At the end of each year you 
deposit an additional $50.  Write a recursive function that 
models the amount of money in the account for any year. 

F.BF.B.3 

 
 

A. Build a function that models a relationship 
between two quantities 

Identify the effect on the graph of replacing f(x) by f(x) 
+ k, k f(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. 

 

Explanation: 
This standard is taught in Algebra I and Algebra II.  In Algebra I, the 
focus was on linear and quadratic functions and did not involve 
recognizing even and odd functions.  In Algebra II, tasks may involve 
polynomial, exponential, logarithmic, and trigonometric functions.  
Students will apply transformations to functions and recognize even 
and odd functions from their graphs and algebraic expression for them. 
Students may use graphing calculators or programs, spreadsheets, or 
computer algebra systems to graph functions. 
 
Examples: 

• The general form of a logarithmic function is given by 
𝑓𝑓(𝑥𝑥) = 𝑘𝑘 + 𝑎𝑎 log𝑏𝑏(𝑥𝑥 − ℎ), where a, b, k, and h are real 
numbers such that b is a positive number not equal to 1, and 
𝑥𝑥 − ℎ > 0.  Given 𝑔𝑔(𝑥𝑥) = 3 + 2 log(𝑥𝑥 − 2), describe the 
graph of g as a transformation of the common logarithm 
function. 
 
The graph of g is a horizontal translation 2 units to the right, a 
vertical scaling by a factor of 2, and a vertical translation up 3 

Eureka Math 
Module 3 Lesson 20-21 
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units of the graph of the common logarithm function. 
•  
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•  

 

7/7/2015     Page 26 of 58 
 



F.BF.B.4a 

 

B. Build new functions from existing functions 

Find inverse functions. 

a. Solve an equation of the form f(x) = c for a 
simple function f that has an inverse and write 
an expression for the inverse. For example, 
𝑓𝑓(𝑥𝑥)  = 2𝑥𝑥3 𝑜𝑜𝑟𝑟 𝑓𝑓(𝑥𝑥)  =  (𝑥𝑥+1)

(𝑥𝑥−1)
 𝑓𝑓𝑜𝑜𝑟𝑟 𝑥𝑥 ≠ 1. 

Explanation: 
Students solve a function for the dependent variable and write the 
inverse of a function by interchanging the values of the dependent and 
independent variable. They connect the concept of the inverse to the 
effect on the graph and the input-output pairs.  
 
Students find inverse functions for linear and exponential functions. 
Also, include simple situations where the domain of the 
functions must be restricted in order for the inverse to be a function,    
such as (𝑥𝑥)   =  ², 𝑥𝑥 ≤ 0.  
 
Students may use graphing calculators or programs, spreadsheets, or 
computer algebra systems to model functions. 
 
Examples: 

• Graph the inverse of (𝑥𝑥) = −3
2
𝑥𝑥 − 3 .  How does 𝑓𝑓−1(𝑥𝑥) 

relate to 𝑓𝑓(𝑥𝑥)? 
• Find the inverse of the function 𝑔𝑔(𝑥𝑥) = 2𝑥𝑥 and demonstrate it 

is the inverse using input-output pairs. 
• Let ℎ ( )= 𝑥𝑥3. Find the inverse function.  

 

Eureka Math 
Module 3 Lesson 19 

F.LE.A.2 

 

A. Construct and compare linear, quadratic, and 
exponential models and solve problems 

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

This is a modeling standard which means students 
choose and use appropriate mathematics to analyze 
situations.  Thus, contextual situations that require 
students to determine the correct mathematical model 
and use the model to solve problems are essential. 
 

Explanation: 
This standard is taught in Algebra I and Algebra II.  In Algebra II, tasks 
are limited to solving multi-step problems by constructing linear and 
exponential functions.   
 
Students may use graphing calculators or programs, spreadsheets, or 
computer algebra systems to construct linear and exponential 
functions. 
 
Examples:   

• After a record setting winter storm, there are 10 
inches of snow on the ground! Now that the sun is 
finally out, the snow is melting. At 7 am there were 
10 inches and at 12 pm there were 6 inches of snow. 

o Construct a linear function rule to model the 
amount of snow. 

Eureka Math 
Module 3 Lesson 22 
 
This standard is revisited 
in Unit 1 Topic D. 
 
Note:  The focus in this 
topic is on exponential 
functions.  It is explored 
further via geometric 
sequences in Topic D, 
Lesson 25.   
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o Construct an exponential function rule to 
model the amount of snow. 

o Which model best describes the amount of 
snow? Provide reasoning for your choice. 

 
Note: In order to write the exponential function as the 
amount of snow for every hour, connect to F.IF.8b. Students 
could start with 10(.6)x where x is the number of 5 hour 

periods then rewrite it to be 10(. 6)�
1
5𝑥𝑥� = 10 �. 6

1
5�

𝑥𝑥
≈

10(. 9)𝑥𝑥where x is the number of hours since 7am. 
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F.LE.A.4 

 

A. Construct and compare linear, quadratic, and 
exponential models and solve problems 

For exponential models, express as a logarithm the 
solution to abct = d where a, c, and d are numbers and 
the base b is 2, 10, or e; evaluate the logarithm using 
technology. 

This is a modeling standard which means students 
choose and use appropriate mathematics to analyze 
situations.  Thus, contextual situations that require 
students to determine the correct mathematical model 
and use the model to solve problems are essential. 

Explanation: 
Students recognize how to rewrite values using bases 2, 10, or e. 
Students use calculators to approximate answers.  Students may use 
graphing calculators or programs, spreadsheets, or computer algebra 
systems to analyze exponential models and evaluate logarithms. 
 
Examples: 

• Solve 200𝑒𝑒0.04𝑡𝑡 = 450 for t.   
•  

    
 
 
 

Eureka Math 
Module 3 Lesson 19 
 
This standard is revisited 
in Unit 1 Topic D. 
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 •  
 
 
 
 
 

MP.1 Make sense of problems and persevere in solving 
them. 

Students make sense of rational and real number exponents and in 
doing so are able to apply exponential functions to solve problems 
involving exponential growth and decay for continuous domains such 
as time. They explore logarithms numerically and graphically to 
understand their meaning and how they can be used to solve 
exponential equations. Students have multiple opportunities to make 
connections between information presented graphically, numerically, 
and algebraically and search for similarities between these 
representations to further understand the underlying mathematical 
properties of exponents and logarithms. When presented with a wide 
variety of information related to financial planning, students make 
sense of the given information and use appropriate formulas to 
effectively plan for a long-term budget and savings plan. 

Eureka Math 
Module 3 Lesson 20,21 

MP.2 Reason abstractly and quantitatively. Students consider appropriate units when exploring the properties of 
exponents for very large and very small numbers. They reason about 
quantities when solving a wide variety of problems that can be 
modeled using logarithms or exponential functions. Students relate the 
parameters in exponential expressions to the situations they model. 
They write and solve equations and then interpret their solutions 
within the context of a problem. 

Eureka Math 
Module 3 Lesson 20 

MP.3 Construct viable arguments and critique the 
reasoning of others. 

 

Mathematically proficient students understand and use stated 
assumptions, definitions, and previously established results in 
constructing arguments. They make conjectures and build a logical 
progression of statements to explore the truth of their conjectures. 
They are able to analyze situations by breaking them into cases, and 
can recognize and use counterexamples. They justify their conclusions, 
communicate them to others, and respond to the arguments of others. 
They reason inductively about data, making plausible arguments that 
take into account the context from which the data arose. 
Mathematically proficient students are also able to compare the 
effectiveness of two plausible arguments, distinguish correct logic or 
reasoning from that which is flawed, and—if there is a flaw in an 

Eureka Math 
Module 3 Lesson 
16,18,20,21 
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argument—explain what it is. 

MP.7 Look for and make use of structure. Students extend the laws of exponents for integer exponents to 
rational and real number exponents. They connect how these laws are 
related to the properties of logarithms and understand how to 
rearrange an exponential equation into logarithmic form. Students 
analyze the structure of exponential and logarithmic functions to 
understand how to sketch graphs and see how the properties relate to 
transformations of these types of functions. They analyze the structure 
of expressions to reveal properties such as recognizing when a function 
models exponential growth versus decay. Students use the structure of 
equations to understand how to identify an appropriate solution 
method. 

Eureka Math 
Module 3 Lesson 17-21 

MP.8 Look for and express regularity in repeated 
reasoning. 

Students discover the properties of logarithms and the meaning of a 
logarithm by investigating numeric examples. They develop formulas 
that involve exponentials and logarithms by extending patterns and 
examining tables and graphs. Students generalize transformations of 
graphs of logarithmic functions by examining several different cases. 

Eureka Math 
Module 3 Lesson 
18,20,21 
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Algebraic Functions B Semester 1 (Quarter 2) 
Unit 1: Exponential and Logarithmic Functions  

Topic D:  Using Logarithms in Modeling Situations 
This topic opens with a simulation and modeling activity where students start with one bean, roll it out of a cup onto the table, and add more beans each time the marked 
side is up. While clearly an exponential model, the lesson unfolds by having students discover this relationship, without explicitly stating that the results are exponential, by 
examining patterns when the data is represented numerically and graphically. Students blend what they know about probability and exponential functions to interpret the 
parameters 𝑎𝑎𝑎𝑎 and 𝑏𝑏𝑏𝑏 in the functions 𝑓𝑓(𝑡𝑡) = 𝑎𝑎(𝑏𝑏𝑡𝑡) that they find to model their experimental data (F-LE.B.5, A-CED.A.2).  
 
In both Algebra I and Lesson 6 in this module, students had to solve exponential equations when modeling real-world situations numerically or graphically. Lesson 24 
shows students how to use logarithms to solve these types of equations analytically and makes the connections between numeric, graphical, and analytical approaches 
explicit, invoking the related standards F-LE.A.4, F-BF.B.4a, and A-REI.D.11. Students will be encouraged to use multiple approaches to solve equations generated in the 
next several lessons.  
 
In Lessons 25 to 27, a general growth/decay rate formula is presented to students to help construct models from data and descriptions of situations. Students must use 
properties of exponents to rewrite exponential expressions in order to interpret the properties of the function (F-IF.C.8b). For example, in Lesson 27, students compare the 

initial populations and annual growth rates of population functions given in the forms (𝑡𝑡) = 281.4(1.0093)𝑡𝑡−100 , 𝑓𝑓(𝑡𝑡) = 81.1(1.0126)𝑡𝑡 and 𝑔𝑔(𝑡𝑡) = 76.2(13.6)
𝑡𝑡
10. Many 

of the situations and problems presented here were first encountered in Module 3 of Algebra I; students are now able to solve equations involving exponents that they 
could only estimate previously, such as finding the time when the population of the United States is expected to surpass a half-billion people. Students answer application 
questions in the context of the situation. They use technology to evaluate logarithms of base 10 and 𝑒𝑒. Additionally, Lesson 25 begins to develop geometric sequences that 
will be needed for the financial content in the next Topic (F-BF.A.2). Lesson 26 continues developing the skills of distinguishing between situations that require exponential-
vs-linear models (F-LE.A.1), and Lesson 27 continues the work with geometric sequences that started in Lesson 25 (F-IF.B.3, F-BF.A.1a).  
 
Lesson 28 closes this topic and addresses F-BF.A.1b by revisiting Newton’s Law of Cooling, a formula that involves the sum of an exponential function and a constant 
function. Students first learned about this formula in Algebra I but now that they are armed with logarithms and have more experience understanding how transformations 
affect the graph of a function, they can find the precise value of the decay constant using logarithms and, thus, can solve problems related to this formula more precisely 
and with greater depth of understanding. 

Big Idea: 

• Functions and relations can accurately model real-world relationships between variables. 
• Functions and relations can be represented in many ways. 
• Switching form one representation to another can reveal new information about a relationship. 
• Functions may be combined or decomposed using composition to obtain new functions and inverses. 

Essential 
Questions: 

• How can you determine if a relationship is growing or decaying? 
• How can we create a geometric sequence to model a relationship between variables? 
• What is the difference between an explicit formula and a recursive formula? 
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• What is the relationship between an exponential function and a logarithmic function? 
• Why is it beneficial to convert between exponential equations and logarithmic equations? 

Vocabulary Exponential function, logarithmic function, arithmetic sequence, geometric sequence, explicit formula, recursive formula, percent rate of change, nominal APR 

Assessment Galileo: Topic D Assessment 

Standard AZ College and Career Readiness Standards Explanations & Examples Resources 

A.SSE.B.3c 

 

B. Write expressions in equivalent forms to solve 
problems 
 
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 1.15t can be rewritten as 
(1.151/12)12t ≈ 1.01212t to reveal the approximate 
equivalent monthly interest rate if the annual rate 
is 15%. 
 

This is a modeling standard which means students 
choose and use appropriate mathematics to analyze 
situations.  Thus, contextual situations that require 
students to determine the correct mathematical model 
and use the model to solve problems are essential. 
 

Explanation: 
Part c of this standard is taught in Algebra I and Algebra II.  In Algebra 
II, tasks have a real-world context.  As described in the standard, there 
is an interplay between the mathematical structure of the expression 
and the structure of the situation such that choosing and producing an 
equivalent form of the expression reveals something about the 
situation.  Tasks are limited to exponential expressions with rational or 
real exponents.  In Algebra I, the tasks were limited to exponential 
expressions with integer exponents. 
 
Examples: 

• Three physicists describe the amount of a radioactive 
substance, Q in grams, left after t years: 

          
 

a. Show that the expressions describing the radioactive 
substance are all equivalent (using appropriate rounding).   

b. What aspect of the decay of the substance does each of 
the formulas highlight? 
                                                    (-Illustrative Mathematics) 

Eureka Math 
Module 3 Lesson 26 

A.CED.A.1 

 

A. Create equations that describe numbers or 
relationships 

Create equations and inequalities in one variable and 
use them to solve problems. Include equations arising 

Explanation: 
This standard is taught in Algebra I and Algebra II.  In Algebra II, tasks 
are limited to exponential equations with rational or real exponents 
and rational functions.  Students recognize when a problem can be 
modeled with an equation or inequality and are able to write the 

Eureka Math 
Module 3 Lesson 26-27 
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from linear and quadratic functions, and simple rational 
and exponential functions. 

This is a modeling standard which means students 
choose and use appropriate mathematics to analyze 
situations.  Thus, contextual situations that require 
students to determine the correct mathematical model 
and use the model to solve problems are essential. 
 

equation or inequality.  Students create, select, and use graphical, 
tabular and/or algebraic representations to solve the problem.   
 
Equations can represent real world and mathematical problems. 
Include equations and inequalities that arise when comparing the 
values of two different functions, such as one describing linear growth 
and one describing exponential growth. 
 
Examples: 

  

 
 

 Phil purchases a used truck for $11,500. The value of the 
truck is expected to decrease by 20% each year. When will 
the truck first be worth less than $1,000? 

 
 A scientist has 100 grams of a radioactive substance. Half of 

it decays every hour. How long until 25 grams remain?  Be 
prepared to share any equations, inequalities, and/or 
representations used to solve the problem. 

 

Simple rational function example (inverse variation) 

 In kickboxing, it is found that the force, f, needed to break a 
board, varies inversely with the length, l, of the board. If it 
takes 5 lbs. of pressure to break a board 2 feet long, how 
many pounds of pressure will it take to break a board that 
is 6 feet long? 
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Refer to Unit 2 Topic C for additional examples from Algebra I. 

A.REI.D.11 

 

D. Represent and solve equations and 
inequalities graphically 

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, polynomial, rational, absolute value, 
exponential, and logarithmic functions. 

This is a modeling standard which means students 
choose and use appropriate mathematics to analyze 
situations.  Thus, contextual situations that require 
students to determine the correct mathematical model 
and use the model to solve problems are essential. 
 

Explanation: 
This standard is taught in Algebra I and Algebra II.  In Algebra I, tasks 
assessed conceptual understanding of the indicated concept involving 
all of the function types mentioned in the standard except exponential 
and logarithmic functions. In Algebra II, exponential and logarithmic 
functions are included.   
 
Students need to understand that numerical solution methods (data in 
a table used to approximate an algebraic function) and graphical 
solution methods may produce approximate solutions, and algebraic 
solution methods produce precise solutions that can be represented 
graphically or numerically. Students may use graphing calculators or 
programs to generate tables of values, graph, or solve a variety of 
functions. 
 
Examples:  

•  

 
•  

Eureka Math 
Module 3 Lesson 24 
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•  

 
 

F.IF.A.3 

 
 

A. Understand the concept of a function and use 
of function notation 

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) for n ≥ 1. 

 

Explanation: 
This standard is taught in Algebra I and Algebra II.  In Algebra I, it was 
part of the major work; however, in Algebra II it is used as support for 
the major work in F-BF.A.2 for coherence.   
 
A sequence can be described as a function, with the input numbers 
consisting of a subset of the integers, and the output numbers being 
the terms of the sequence. The most common subset for the domain of 
a sequence is the Natural numbers {1, 2, 3, …}; however, there are 
instances where it is necessary to include {0} or possibly negative 
integers. 
 
Whereas, some sequences can be expressed explicitly (explicit 
formula), there are those that are a function of the previous terms. In 
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which case, it 
is necessary to provide the first few terms to establish the relationship 
(recursive formula). 
 
Connect to arithmetic and geometric sequences.  Emphasize that 
arithmetic and geometric sequences are examples of linear and 
exponential functions, respectively. 

 
Examples: 

•  

 
 

• A theater has 60 seats in the first row, 68 seats in the 
second row, 76 seats in the third row, and so on in the 
same increasing pattern. 

o If the theater has 20 rows of seats, how many 
seats are in the twentieth row? 

o Explain why the sequence is considered a 
function. 

o What is the domain of the sequence? Explain 
what the domain represents in context. 

 
F.IF.B.6 

 

B. Interpret functions that arise in applications in 
terms of context 

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. 

Explanation: 
Students were first introduced to the concept of rate of change in 
grade 6 and continued exploration of the concept throughout grades 7 
and 8.   
 
This standard is taught in Algebra I and Algebra II.  In Algebra I, 
students extended their knowledge from previous grades to non-linear 
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This is a modeling standard which means students 
choose and use appropriate mathematics to analyze 
situations.  Thus, contextual situations that require 
students to determine the correct mathematical model 
and use the model to solve problems are essential. 
 

functions (quadratic functions, square root functions, cube root 
functions, piecewise-defined functions (including step functions and 
absolute value functions), and exponential functions with domains in 
the integers).  In Algebra II, tasks have a real-world context and involve 
polynomial, exponential, logarithmic and trigonometric functions.  In 
this topic the focus will be on exponential functions.   
 
The average rate of change of a function y = f(x) over an interval [a,b] is 

𝛥𝛥𝛥𝛥

𝛥𝛥𝑥𝑥
= 𝑓𝑓(𝑏𝑏)−𝑓𝑓(𝑎𝑎)

𝑏𝑏−𝑎𝑎
. In addition to finding average rates of change from 

functions given symbolically, graphically, or in a table, students may 
collect data from experiments or simulations (ex. falling ball, velocity of 
a car, etc.) and find average rates of change for the function modeling 
the situation. 
 
Examples:   

• Let us understand the difference between 

 
Complete the tables below, and then graph the points 
(n,f(n)) on a coordinate plane for each of the formulas. 
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• In the table below, assume the function f is deifined for all real 
numbers.  Calculate ∆𝑓𝑓 = 𝑓𝑓(𝑥𝑥 + 1) − 𝑓𝑓(𝑥𝑥) in the last column.  
What do you notice about ∆𝑓𝑓?  Could the function be linear or 
exponential?  Write a linear or exponential function formula 
that generates the same input-output pairs as given in the 
table. 
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• How do the average rates of change help to support an 
argument of whether a linear or exponential model is better 
suited for a set of data?  
 
If the model ∆𝑓𝑓 was growing linearly, then the average rate of 
change would be constant. However, if it appears to be 
growing multiplicatively, then it indicates an exponential 
model. 

F.IF.C.8b 

 

C. Analyze functions using different 
representation 
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 change in functions such as 
𝛥𝛥=(1.02)𝑡𝑡, 𝛥𝛥=(0.97)𝑡𝑡, 𝛥𝛥=(1.01)12𝑡𝑡, 𝛥𝛥=(1.2)𝑡𝑡/10, and 
classify them as representing exponential growth or 
decay. 

Explanation: 
Students can determine if an exponential function models growth or 
decay. Students can also identify and interpret the growth or decay 
factor.  Students can rewrite an expression in the form (𝒃𝒃) as 𝒂𝒂(𝒃𝒃𝒌𝒌)𝒙𝒙. 
They can identify 𝒃𝒃𝒌𝒌 as the growth or decay factor.  Students recognize 
that when the factor is greater than 1, the function models growth and 
when the factor is between 0 and 1 the function models decay. 
 
Tasks include knowing and applying  

                                          
Examples:  
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 • The projected population of Delroysville is given by the  
function 𝑝𝑝( 𝑡𝑡) = 1500( 1.08 )2t where t is the number of  years 
since 2010.  You have been selected by the city council to help 
them plan for future growth.  Explain what the function (𝑡𝑡) = 
1500(1.08)2t means to the city council members.  

• Suppose a single bacterium lands on one of your teeth and 
starts reproducing by a factor of 2 every hour. If nothing is 
done to stop the growth of the bacteria, write a function for 
the number of bacteria as a function of the number of days. 

• The expression 50(0.85)x represents the amount of a drug in 
milligrams that remains in the bloodstream after x hours. 

o Describe how the amount of drug in milligrams 
changes over time. 

o What would the expression 50(0.85)12x represent? 
o What new or different information is revealed by the 

changed expression? 
F.IF.C.9 

 

C. Analyze functions using different 
representation 

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. 
 
 

Explanation: 
This standard is taught in Algebra I and Algebra II.  In Algebra II, tasks 
may involve polynomial, exponential, logarithmic, and trigonometric 
functions. 
 
Students compare properties of two functions.  The representations of 
the functions should vary:  table, graph, algebraically or verbal 
description. 
 
Students should focus on applications and how key features relate to 
characteristics of a situation, making selection of a particular type of 
function model appropriate.   
 
Examples: 
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•  
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F.BF.A.1ab 

 

A. Build a function that models a relationship 
between two quantities 

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. 

b. Combine standard function types using 
arithmetic operations. 
 

This is a modeling standard which means students 
choose and use appropriate mathematics to analyze 
situations.  Thus, contextual situations that require 
students to determine the correct mathematical model 
and use the model to solve problems are essential. 
 

Explanation: 
Part a of this standard is taught in Algebra I and Algebra II.  In Algebra 
II, tasks have a real-world context and are limited to linear functions, 
quadratic functions, and exponential functions. 
 
Students will analyze a given problem to determine the function 
expressed by identifying patterns in the function’s rate of change. They 
will specify intervals of increase, decrease, constancy, and, if possible, 
relate them to the function’s description in words or graphically. 
Students may use graphing calculators or programs, spreadsheets, or 
computer algebra systems to model functions. 
 
Examples for part a: 

• You buy a $10,000 car with an annual interest rate of 6 
percent compounded annually and make monthly payments 
of $250. Express the amount remaining to be paid off as a 
function of the number of months, using a recursion equation.  

• A cup of coffee is initially at a temperature of 93º F. The 
difference between its temperature and the room 
temperature of 68º F decreases by 9% each minute. Write a 
function describing the temperature of the coffee as a 
function of time.  

• The radius of a circular oil slick after t hours is given in feet by 
𝑟𝑟=10𝑡𝑡2−0.5𝑡𝑡, for 0 ≤ t ≤ 10. Find the area of the oil slick as a 
function of time.  

• Suppose you deposit $100 in a savings account that pays 4% 
interest, compounded annually.  At the end of each year you 
deposit an additional $50.  Write a recursive function that 
models the amount of money in the account for any year. 

 
Explanation part b 
Students combine standard function types using arithmetic operations. 
 
Examples: 
• A cup of coffee is initially at a temperature of 93º F. The 

difference between its temperature and the room temperature 
of 68º F decreases by 9% each minute.   Write a function 
describing the temperature of the coffee as a function of time. 

Eureka Math 
Module 3 Lesson 26-
27,29 

7/7/2015     Page 43 of 58 
 



 

F.BF.A.2 

 
 

A. Build a function that models a relationship 
between two quantities 

Write arithmetic and geometric sequences both 
recursively and with an explicit formula, use them to 
model situations, and translate between the two forms. 

This is a modeling standard which means students 
choose and use appropriate mathematics to analyze 
situations.  Thus, contextual situations that require 
students to determine the correct mathematical model 
and use the model to solve problems are essential. 
 

Explanation: 
The foundation of this standard was set in Algebra I and earlier in this 
course when teaching F.IF.A.3. 
 
A sequence can be described as a function, with the input numbers 
consisting of a subset of the integers, and the output numbers being 
the terms of the sequence. The most common subset for the domain of 
a sequence is the Natural numbers {1, 2, 3, …}; however, there are 
instances where it is necessary to include {0} or possibly negative 
integers. 
 
Whereas, some sequences can be expressed explicitly (explicit 
formula), there are those that are a function of the previous terms. In 
which case, it is necessary to provide the first few terms to establish the 
relationship (recursive formula).   
 
An explicit rule for the nth term of a sequence gives a as an expression 
in the term’s position n; a recursive rule gives the first term of a 
sequence, and a recursive equation relates a to the preceding term(s). 
Both methods of presenting a sequence describe a as a function of n. 
 
Emphasize that arithmetic and geometric sequences are examples of 
linear and exponential functions, respectively. 

 
Examples: 

•  

 
 

• A theater has 60 seats in the first row, 68 seats in the 
second row, 76 seats in the third row, and so on in the same 
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increasing pattern. 
o If the theater has 20 rows of seats, how many seats 

are in the twentieth row? 
o Explain why the sequence is considered a function. 
o What is the domain of the sequence? Explain what 

the domain represents in context. 
 
 

•  

        
F.BF.B.4a 

 

B. Build new functions from existing functions. 

Find inverse functions. 

a. Solve an equation of the form f(x) = c for a simple 
function f that has an inverse and write an 
expression for the inverse. For example, 
𝑓𝑓(𝑥𝑥)  = 2𝑥𝑥3 𝑜𝑜𝑟𝑟 𝑓𝑓(𝑥𝑥)  =  (𝑥𝑥+1)

(𝑥𝑥−1)
 𝑓𝑓𝑜𝑜𝑟𝑟 𝑥𝑥 ≠ 1. 

Explanation: 
Students solve a function for the dependent variable and write the 
inverse of a function by interchanging the values of the dependent and 
independent variable. They connect the concept of the inverse to the 
effect on the graph and the input-output pairs.  
 
Students find inverse functions for linear and exponential functions. 
Also, include simple situations where the domain of the 
functions must be restricted in order for the inverse to be a function,    

Eureka Math 
Module 3 Lesson 24 

7/7/2015     Page 45 of 58 
 



such as (𝑥𝑥)   =  ², 𝑥𝑥 ≤ 0.  
 
Students may use graphing calculators or programs, spreadsheets, or 
computer algebra systems to model functions. 
 
Examples: 

• Graph the inverse of (𝑥𝑥) = −3
2
𝑥𝑥 − 3 .  How does 𝑓𝑓−1(𝑥𝑥) 

relate to 𝑓𝑓(𝑥𝑥)? 
• Find the inverse of the function 𝑔𝑔(𝑥𝑥) = 2𝑥𝑥 and demonstrate it 

is the inverse using input-output pairs. 
• Let ℎ ( )= 𝑥𝑥3. Find the inverse function.  

 
F.LE.A.2 

 

A. Construct and compare linear, quadratic, and 
exponential models and solve problems 

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

This is a modeling standard which means students 
choose and use appropriate mathematics to analyze 
situations.  Thus, contextual situations that require 
students to determine the correct mathematical model 
and use the model to solve problems are essential. 
 

Explanation: 
This standard is taught in Algebra I and Algebra II.  In Algebra II, tasks 
are limited to solving multi-step problems by constructing linear and 
exponential functions.   
 
Students may use graphing calculators or programs, spreadsheets, or 
computer algebra systems to construct linear and exponential 
functions. 
 
Examples:   

• After a record setting winter storm, there are 10 inches of 
snow on the ground! Now that the sun is finally out, the 
snow is melting. At 7 am there were 10 inches and at 12 
pm there were 6 inches of snow. 

o Construct a linear function rule to model the 
amount of snow. 

o Construct an exponential function rule to model 
the amount of snow. 

o Which model best describes the amount of snow? 
Provide reasoning for your choice. 

 
Note: In order to write the exponential function as the 
amount of snow for every hour, connect to F.IF.8b. Students 
could start with 10(.6)x where x is the number of 5 hour 

periods then rewrite it to be 10(. 6)�
1
5𝑥𝑥� = 10 �. 6

1
5�

𝑥𝑥
≈
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10(. 9)𝑥𝑥where x is the number of hours since 7am. 
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•  
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F.LE.A.4 

 
 

A. Construct and compare linear, quadratic, and 
exponential models and solve problems 

For exponential models, express as a logarithm the 
solution to abct = d where a, c, and d are numbers and 
the base b is 2, 10, or e; evaluate the logarithm using 
technology. 

This is a modeling standard which means students 
choose and use appropriate mathematics to analyze 
situations.  Thus, contextual situations that require 
students to determine the correct mathematical model 
and use the model to solve problems are essential. 
 

Explanation: 
Students recognize how to rewrite values using bases 2, 10, or e. 
Students use calculators to approximate answers.  Students may use 
graphing calculators or programs, spreadsheets, or computer algebra 
systems to analyze exponential models and evaluate logarithms. 
 
Examples: 

• Solve 200𝑒𝑒0.04𝑡𝑡 = 450 for t.   
•  

    
 
 
 
 
 
 
 

Eureka Math 
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•  
 
 
 
 
 

F.LE.B.5 

 

B. Interpret expressions for functions in terms of 
the situation they model 

Interpret the parameters in a linear or exponential 
function in terms of a context. 

This is a modeling standard which means students 
choose and use appropriate mathematics to analyze 
situations.  Thus, contextual situations that require 
students to determine the correct mathematical model 
and use the model to solve problems are essential. 
 

Explanation: 
This standard is taught in Algebra I and Algebra II.  In Algebra II, tasks 
have a real-world context and are limited to exponential functions 
with domains not in the integers.  Use real-world situations to help 
students understand how the parameters of exponential functions 
depend on the context. 
 
Students may use graphing calculators or programs, spreadsheets, or 
computer algebra systems to model and interpret parameters in linear, 
quadratic or exponential functions. 
 
Examples: 

•  
 
 
 
 
 
 
 
 
 
 
 
 

 

Eureka Math 
Module 3 Lesson 23 

MP.1 Make sense of problems and persevere in solving 
them. 

Students make sense of rational and real number exponents and in 
doing so are able to apply exponential functions to solve problems 
involving exponential growth and decay for continuous domains such 
as time. They explore logarithms numerically and graphically to 
understand their meaning and how they can be used to solve 
exponential equations. Students have multiple opportunities to make 
connections between information presented graphically, numerically, 
and algebraically and search for similarities between these 

Eureka Math 
Module 3 Lesson 28 
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representations to further understand the underlying mathematical 
properties of exponents and logarithms. When presented with a wide 
variety of information related to financial planning, students make 
sense of the given information and use appropriate formulas to 
effectively plan for a long-term budget and savings plan. 

MP.2 Reason abstractly and quantitatively. Students consider appropriate units when exploring the properties of 
exponents for very large and very small numbers. They reason about 
quantities when solving a wide variety of problems that can be 
modeled using logarithms or exponential functions. Students relate the 
parameters in exponential expressions to the situations they model. 
They write and solve equations and then interpret their solutions 
within the context of a problem. 

Eureka Math 
Module 3 Lesson 23-
26,28 

MP.3 Construct viable arguments and critique the 
reasoning of others. 

 

Mathematically proficient students understand and use stated 
assumptions, definitions, and previously established results in 
constructing arguments. They make conjectures and build a logical 
progression of statements to explore the truth of their conjectures. 
They are able to analyze situations by breaking them into cases, and 
can recognize and use counterexamples. They justify their conclusions, 
communicate them to others, and respond to the arguments of others. 
They reason inductively about data, making plausible arguments that 
take into account the context from which the data arose. 
Mathematically proficient students are also able to compare the 
effectiveness of two plausible arguments, distinguish correct logic or 
reasoning from that which is flawed, and—if there is a flaw in an 
argument—explain what it is. 

Eureka Math 
Module 3 Lesson 
25,27,28 

MP.4 Model with mathematics. Students use exponential functions to model situations involving 
exponential growth and decay. They model the number of digits 
needed to assign identifiers using logarithms. They model exponential 
growth using a simulation with collected data. The application of 
exponential functions and logarithms as a means to solve an 
exponential equation is a focus of several lessons that deal with 
financial literacy and planning a budget. Here, students must make 
sense of several different quantities and their relationships as they 
plan and prioritize for their future financial solvency. 

Eureka Math 
Module 3 Lesson 26 

MP.7 Look for and make use of structure. Students extend the laws of exponents for integer exponents to 
rational and real number exponents. They connect how these laws are 
related to the properties of logarithms and understand how to 
rearrange an exponential equation into logarithmic form. Students 

Eureka Math 
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analyze the structure of exponential and logarithmic functions to 
understand how to sketch graphs and see how the properties relate to 
transformations of these types of functions. They analyze the structure 
of expressions to reveal properties such as recognizing when a function 
models exponential growth versus decay. Students use the structure of 
equations to understand how to identify an appropriate solution 
method. 

MP.8 Look for and express regularity in repeated 
reasoning. 

Students discover the properties of logarithms and the meaning of a 
logarithm by investigating numeric examples. They develop formulas 
that involve exponentials and logarithms by extending patterns and 
examining tables and graphs. Students generalize transformations of 
graphs of logarithmic functions by examining several different cases. 

Eureka Math 
Module 3 Lesson 26 
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Algebraic Functions B Semester 1 (Quarter 2) 
Unit 1: Exponential and Logarithmic Functions  

Topic E:  Geometric Series and Finance 
 
Topic E is a culminating series of lessons driven by MP.4, Modeling with Mathematics. Students apply what they have learned about mathematical models and exponential 
growth to financial literacy, while developing and practicing the formula for the sum of a finite geometric series.  In Lesson 29, students derive the formula for the sum of a 
finite geometric series (A-SSE.B.4).  Once established, students work with and develop fluency with summation notation, sometimes called sigma notation.  Students are then 
presented with the problem of a structured savings plan (known as a sinking fund, but this terminology is avoided).  Students use the modeling cycle to identify essential 
features of structured savings plans and develop a model from the formula for the sum of a finite geometric series.  By the end of the lesson, students will have both the 
formula for a sum of a finite geometric series (where the common ratio is not 1) and the formula for a structured savings plan.  The structured savings plan will be modified in 
the remaining lessons to apply to other types of loans, and additional formulas will be developed based on the structured savings plan.    
 

Big Idea: 
• Functions and relations can accurately model real-world relationships between variables. 
• Functions and relations can be represented in many ways. 
• Switching from one representation to another can reveal new information about a relationship. 

Essential 
Questions: 

• How are functions beneficial in modeling real-world relationships between variables? 

Vocabulary Series, geometric series, sum of a finite geometric series, future value of an annuity, present value of an annuity, amortization 

Assessment Galileo: Topic E Assessment 

Standard AZ College and Career Readiness Standards Explanations & Examples Resources 

A.SSE.B.4 

 

B. Write expressions in equivalent forms to solve 
problems 
 
Derive the formula for the sum of a finite geometric 
series (when the common ratio is not 1), and use the 
formula to solve problems. For example, calculate 
mortgage payments. 
 
This is a modeling standard which means students 
choose and use appropriate mathematics to analyze 
situations.  Thus, contextual situations that require 
students to determine the correct mathematical model 

Explanation: 
Students understand that a geometric series is the sum of terms in a 
geometric sequence and can be used to solve real-world problems.    
 
The sum of a finite geometric series with common ratio not equal to 1 
can be written as the simple formula 𝑆𝑆𝑛𝑛 = 𝑎𝑎(1−𝑟𝑟𝑛𝑛)

1−𝑟𝑟
 where r is the 

common ratio, a is the initial value, and n is the number of terms in the 
series.   
 
Students develop the formula for the sum of a finite geometric series 
when the ratio is not 1. 
 

Eureka Math 
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and use the model to solve problems are essential. 
 

 
 

𝑆𝑆𝑛𝑛 = 𝑎𝑎 + 𝑎𝑎𝑟𝑟 + 𝑎𝑎𝑟𝑟2 + 𝑎𝑎𝑟𝑟3 + ⋯+ 𝑎𝑎𝑟𝑟𝑛𝑛 
−𝑟𝑟𝑆𝑆𝑛𝑛 = 𝑎𝑎𝑟𝑟 + 𝑎𝑎𝑟𝑟2 + 𝑎𝑎𝑟𝑟3 + ⋯+ 𝑎𝑎𝑟𝑟𝑛𝑛−1 + 𝑎𝑎𝑟𝑟𝑛𝑛 

                        _________________________________________________________ 

𝑆𝑆𝑛𝑛 − 𝑟𝑟𝑆𝑆𝑛𝑛 = 𝑎𝑎 − 𝑎𝑎𝑟𝑟𝑛𝑛 
𝑆𝑆𝑛𝑛(1 − 𝑟𝑟) = 𝑎𝑎(1 − 𝑟𝑟𝑛𝑛) 

𝑆𝑆𝑛𝑛 =
𝑎𝑎(1 − 𝑟𝑟𝑛𝑛)

1 − 𝑟𝑟
 

 
 
Use the formula to solve real world problems. 
 
Example: 

• An amount of $100 was deposited in a savings account on 
January 1st each of the years 2010, 2011, 2012, and so on to 
2019, with annual yield of 7%.  What will be the balance in the 
savings account on January 1, 2020? 

F.IF.C.7e 

 

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. 

e. Graph exponential and logarithmic 
functions, showing intercepts and end 
behavior, and trigonometric functions, 
showing period, midline, and amplitude. 

 
This is a modeling standard which means students 
choose and use appropriate mathematics to analyze 
situations.  Thus, contextual situations that require 
students to determine the correct mathematical model 
and use the model to solve problems are essential. 
 

Explanation: 
Key characteristics include but are not limited to maxima, minima, 
intercepts, symmetry, end behavior, and asymptotes. Students may 
use graphing calculators or programs, spreadsheets, or computer 
algebra systems to graph functions. 
 
Examples: (refer to Unit 1 Topic C) 
 

Eureka Math 
Module 3 Lesson 31 

F.IF.C.8b C. Analyze functions using different 
representation 

Explanation: 
Students can determine if an exponential function models growth or 
decay. Students can also identify and interpret the growth or decay 
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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 change in functions such as 
𝛥𝛥=(1.02)𝑡𝑡, 𝛥𝛥=(0.97)𝑡𝑡, 𝛥𝛥=(1.01)12𝑡𝑡, 𝛥𝛥𝛥𝛥=(1.2)𝑡𝑡/10, and 
classify them as representing exponential growth or 
decay. 

 

factor.  Students can rewrite an expression in the form (𝒃𝒃) as 𝒂𝒂(𝒃𝒃𝒌𝒌)𝒙𝒙. 
They can identify 𝒃𝒃𝒌𝒌 as the growth or decay factor.  Students recognize 
that when the factor is greater than 1, the function models growth and 
when the factor is between 0 and 1 the function models decay. 
 
Tasks include knowing and applying  

                                          
Examples:  (refer to Unit 1 Topic D) 

F.IF.C.9 

 C. Analyze functions using different 
representation 
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. 
 
 

Explanation: 
This standard is taught in Algebra I and Algebra II.  In Algebra II, tasks 
may involve polynomial, exponential, logarithmic, and trigonometric 
functions. 
 
Students compare properties of two functions.  The representations of 
the functions should vary:  table, graph, algebraically or verbal 
description. 
 
Students should focus on applications and how key features relate to 
characteristics of a situation, making selection of a particular type of 
function model appropriate.   
 
Examples:  refer to Unit 1 Topic D 

Eureka Math 
Module 3 Lesson 30-32 

F.BF.A.1b 

 

A. Build a function that models a relationship 
between two quantities 
 
Write a function that describes a relationship between 
two quantities. 

b. Combine standard function types using 
arithmetic operations. 

 
This is a modeling standard which means students 
choose and use appropriate mathematics to analyze 
situations.  Thus, contextual situations that require 
students to determine the correct mathematical model 

Explanation: 
Students will analyze a given problem to determine the function 
expressed by identifying patterns in the function’s rate of change. They 
will specify intervals of increase, decrease, constancy, and, if possible, 
relate them to the function’s description in words or graphically. 
Students may use graphing calculators or programs, spreadsheets, or 
computer algebra systems to model functions. 
 
Students combine standard function types using arithmetic operations. 
 
Examples: refer to Unit 1 Topic D 

Eureka Math 
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and use the model to solve problems are essential. 
 

F.BF.A.2 

 

A. Build a function that models a relationship 
between two quantities 
 
Write arithmetic and geometric sequences both 
recursively and with an explicit formula, use them to 
model situations, and translate between the two forms. 
 
This is a modeling standard which means students 
choose and use appropriate mathematics to analyze 
situations.  Thus, contextual situations that require 
students to determine the correct mathematical model 
and use the model to solve problems are essential. 
 

Explanation: 
The foundation of this standard was set in Algebra I and earlier in this 
course when teaching F.IF.A.3. 
 
A sequence can be described as a function, with the input numbers 
consisting of a subset of the integers, and the output numbers being 
the terms of the sequence. The most common subset for the domain of 
a sequence is the Natural numbers {1, 2, 3, …}; however, there are 
instances where it is necessary to include {0} or possibly negative 
integers. 
 
Whereas, some sequences can be expressed explicitly (explicit 
formula), there are those that are a function of the previous terms. In 
which case, it is necessary to provide the first few terms to establish the 
relationship (recursive formula).   
 
An explicit rule for the nth term of a sequence gives a as an expression 
in the term’s position n; a recursive rule gives the first term of a 
sequence, and a recursive equation relates a to the preceding term(s). 
Both methods of presenting a sequence describe a as a function of n. 
 
Emphasize that arithmetic and geometric sequences are examples of 
linear and exponential functions, respectively. 

Examples: refer to Unit 1 Topic D 

Eureka Math 
Module 3 Lesson 29 

F.LE.B.5 

 

B. Interpret expressions for functions in terms of 
the situation they model 

Interpret the parameters in a linear or exponential 
function in terms of a context. 

This is a modeling standard which means students 
choose and use appropriate mathematics to analyze 
situations.  Thus, contextual situations that require 
students to determine the correct mathematical model 
and use the model to solve problems are essential. 
 

Explanation: 
This standard is taught in Algebra I and Algebra II.  In Algebra II, tasks 
have a real-world context and are limited to exponential functions 
with domains not in the integers.  Use real-world situations to help 
students understand how the parameters of exponential functions 
depend on the context. 
 
Students may use graphing calculators or programs, spreadsheets, or 
computer algebra systems to model and interpret parameters in linear, 
quadratic or exponential functions. 
 
Examples: refer to Unit 1 Topic D 
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MP.2 Reason abstractly and quantitatively. 

 

Students consider appropriate units when exploring the properties of 
exponents for very large and very small numbers. They reason about 
quantities when solving a wide variety of problems that can be 
modeled using logarithms or exponential functions. Students relate the 
parameters in exponential expressions to the situations they model. 
They write and solve equations and then interpret their solutions 
within the context of a problem. 

Eureka Math 
Module 3 Lesson 29-30 

MP.3 Construct viable arguments and critique the 
reasoning of others. 

 

Mathematically proficient students understand and use stated 
assumptions, definitions, and previously established results in 
constructing arguments. They make conjectures and build a logical 
progression of statements to explore the truth of their conjectures. 
They are able to analyze situations by breaking them into cases, and 
can recognize and use counterexamples. They justify their conclusions, 
communicate them to others, and respond to the arguments of others. 
They reason inductively about data, making plausible arguments that 
take into account the context from which the data arose. 
Mathematically proficient students are also able to compare the 
effectiveness of two plausible arguments, distinguish correct logic or 
reasoning from that which is flawed, and—if there is a flaw in an 
argument—explain what it is. 

Eureka Math 
Module 3 Lesson 33 

MP.4 Model with mathematics. Students use exponential functions to model situations involving 
exponential growth and decay. They model the number of digits 
needed to assign identifiers using logarithms. They model exponential 
growth using a simulation with collected data. The application of 
exponential functions and logarithms as a means to solve an 
exponential equation is a focus of several lessons that deal with 
financial literacy and planning a budget. Here, students must make 
sense of several different quantities and their relationships as they 
plan and prioritize for their future financial solvency. 

Eureka Math 
Module 3 Lesson 29-30 

MP.7 Look for and make use of structure. Students extend the laws of exponents for integer exponents to 
rational and real number exponents. They connect how these laws are 
related to the properties of logarithms and understand how to 
rearrange an exponential equation into logarithmic form. Students 
analyze the structure of exponential and logarithmic functions to 
understand how to sketch graphs and see how the properties relate to 
transformations of these types of functions. They analyze the structure 

Eureka Math 
Module 3 Lesson 29 
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of expressions to reveal properties such as recognizing when a function 
models exponential growth versus decay. Students use the structure of 
equations to understand how to identify an appropriate solution 
method. 

MP.8 Look for and express regularity in repeated 
reasoning. 

Students discover the properties of logarithms and the meaning of a 
logarithm by investigating numeric examples. They develop formulas 
that involve exponentials and logarithms by extending patterns and 
examining tables and graphs. Students generalize transformations of 
graphs of logarithmic functions by examining several different cases. 

Eureka Math 
Module 3 Lesson 29,30 
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