
Integrated Math 2

In Integrated Math 2 students build on the probability, function, expressions and
equations, and geometry work encountered previously. Integrated 2 also marks the
introduction of triangle similarity and trigonometry, furthering students’ reasoning
skills and language precision. Students will build on their work with probability from
grade 7 to admit the notions of independence and conditional probability. Students
encounter quadratic functions, comparing and contrasting them with already familiar
linear and exponential functions. They develop their abilities to see structure in
expressions to show that expressions involving several operations are equivalent (for
example, grasping that “substitution” works at various levels of complexity), and they
solve quadratic equations by writing a series of equivalent statements, justifying each
step. Students continue to develop their picture of the complex number system by
investigating how non-real solutions arise and how non-real numbers behave.
Students use geometric transformations to define similarity, which leads to triangle
similarity criteria and using these criteria to prove a wide variety of theorems and to
solve problems. The definitions for sine, cosine, and tangent develop from the
understanding that side ratios are predictable for triangles with given angle measures.
Finally, students construct more sophisticated arguments for the circumference, area,
and volume formulas that they learned in earlier grades.

1

Illustrative 
Mathematics

https://www.illustrativemathematics.org/blueprints/M2


M2.1 Probability

• Describe events as subsets of a sample space (the set of outcomes) using
characteristics of the outcomes or as unions, intersections, or complements of
other subsets (“or,” “and” “not”).
• Use the Addition Rule to compute probabilities of compound events in a
uniform probability model, and interpret the result in terms of the model.
• In a uniform probability model, understand the probability of A given B as the
fraction of B's outcomes that also belong to A.
• Understand the conditional probability of event A given event B as P(A and
B)/P(B).
• Understand that A and B are independent if P(A and B) = P(A) • P(B).
• Interpret independence of A and B as saying that the probability of A given B is
equal to the probability of A, and the probability of B given A is equal to the
probability of B, i.e. P(A|B) = P(A) and P(B|A) = P(B).
• Recognize independence in everyday situations and explain it in everyday
language.
• Determine whether events are independent.
• Use data presented in two-way frequency tables to approximate conditional
probabilities.

In high school the study of probability is extended to the notions of
independence and conditional probability. In contrast to grade 7 where students
computed P(A or B) by counting occurrences of simple events in A ∪ B, students
in this unit learn to calculate P(A or B) in terms of P(A), P(B), and P(A and B). They
begin by considering compound events as subsets of sample spaces, noting that
in the sample space: the event “not A” is the complement of A; that the event “A
and B” is the intersection of sets A and B; and that the event “A or B” is the union
of A and B. The Addition Rule is developed and used to compute a probability.
During this unit students examine situations involving pairs of independent and
non-independent events, learning to distinguish between such pairs in everyday
situations. They calculate probabilities of compound events in uniform probability
models, finding the conditional probability of A given B as the fraction of B’s
outcomes that are also in A. They observe and formalize relationships such as
P(A|B) = P(A and B)/P(B), and, when A and B are independent, P(A) = P(A|B). In a
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previous statistics unit, students encountered two-way frequency tables. In this
unit, students revisit these tables as a way to approximate conditional
probabilities by treating the tables as a sample space and extend their prior work
to consider independence.

In Grade 7, students encountered theoretical probability in the form of
probability models and sample spaces, and experimental probability as in the
form of long-run relative frequency. They found probabilities of compound
events using lists, tables, tree diagrams, and simulation. In high school, the study
of probability is extended to the notions of independence and conditional
probability. Students learn about conditional probability and independence.
Rather than summing probabilities of simple events or using simulations, they
calculate probabilities of compound events in terms of probabilities of other
compound events or by using frequency tables. The latter builds on work with
two-way frequency tables from unit S1. In unit S4, students draw on their work
with probability as well as their work with data in units S1 and S2 to solve
problems.

M2.1.0 Pre-unit diagnostic assessment

Diagnose students’ ability to

• write about probability as a numerical measure of likelihood;
• describe events as subsets of a sample space;
• calculate probability of a compound event in a uniform probability model;
• calculate probability of a compound event when relative frequencies are
given.

In high school the study of probability is extended to the notions of
independence and conditional probability. In contrast to grade 7 where
students computed P(A or B) by counting occurrences of simple events in A
∪ B, students in this unit learn to calculate P(A or B) in terms of P(A), P(B),
and P(A and B). They begin by considering compound events as subsets of
sample spaces, noting that in the sample space: the event “not A” is the
complement of A; that the event “A and B” is the intersection of sets A and
B; and that the event “A or B” is the union of A and B. The Addition Rule is
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developed and used to compute a probability. During this unit students
examine situations involving pairs of independent and non-independent
events, learning to distinguish between such pairs in everyday situations.
They calculate probabilities of compound events in uniform probability
models, finding the conditional probability of A given B as the fraction of B’s
outcomes that are also in A. They observe and formalize relationships such
as P(A|B) = P(A and B)/P(B), and, when A and B are independent, P(A) =
P(A|B). In a previous statistics unit, students encountered two-way
frequency tables. In this unit, students revisit these tables as a way to
approximate conditional probabilities by treating the tables as a sample
space and extend their prior work to consider independence.

M2.1.1 Chance

Recall ideas they’ve already learned about probability and get excited about
learning more.

In high school the study of probability is extended to the notions of
independence and conditional probability. In contrast to grade 7 where
students computed P(A or B) by counting occurrences of simple events in A
∪ B, students in this unit learn to calculate P(A or B) in terms of P(A), P(B),
and P(A and B). They begin by considering compound events as subsets of
sample spaces, noting that in the sample space: the event “not A” is the
complement of A; that the event “A and B” is the intersection of sets A and
B; and that the event “A or B” is the union of A and B. The Addition Rule is
developed and used to compute a probability. During this unit students
examine situations involving pairs of independent and non-independent
events, learning to distinguish between such pairs in everyday situations.
They calculate probabilities of compound events in uniform probability
models, finding the conditional probability of A given B as the fraction of B’s
outcomes that are also in A. They observe and formalize relationships such
as P(A|B) = P(A and B)/P(B), and, when A and B are independent, P(A) =
P(A|B). In a previous statistics unit, students encountered two-way
frequency tables. In this unit, students revisit these tables as a way to
approximate conditional probabilities by treating the tables as a sample
space and extend their prior work to consider independence.
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M2.1.2 The Addition Rule

• Describe events as subsets of a sample space (the set of outcomes) using
characteristics of the outcomes or as unions, intersections, or complements
of other events (“or”, “and,” “not”).
• Develop the Addition Rule to compute probabilities of compound events in
a uniform probability model.
• Apply the Addition Rule in a uniform probability model and interpret the
answer in terms of the model.

In high school the study of probability is extended to the notions of
independence and conditional probability. In contrast to grade 7 where
students computed P(A or B) by counting occurrences of simple events in A
∪ B, students in this unit learn to calculate P(A or B) in terms of P(A), P(B),
and P(A and B). They begin by considering compound events as subsets of
sample spaces, noting that in the sample space: the event “not A” is the
complement of A; that the event “A and B” is the intersection of sets A and
B; and that the event “A or B” is the union of A and B. The Addition Rule is
developed and used to compute a probability. During this unit students
examine situations involving pairs of independent and non-independent
events, learning to distinguish between such pairs in everyday situations.
They calculate probabilities of compound events in uniform probability
models, finding the conditional probability of A given B as the fraction of B’s
outcomes that are also in A. They observe and formalize relationships such
as P(A|B) = P(A and B)/P(B), and, when A and B are independent, P(A) =
P(A|B). In a previous statistics unit, students encountered two-way
frequency tables. In this unit, students revisit these tables as a way to
approximate conditional probabilities by treating the tables as a sample
space and extend their prior work to consider independence.

M2.1.3 Understanding independence and conditional
probability

• Understand that two events A and B are independent if P(A and B) = P(A) •
P(B).
• Understand the conditional probability of A given B as P(A and B)/P(B).
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• Determine whether pairs of events are independent.
• Find the conditional probability of A given B as the fraction of B’s
outcomes that also belong in A.
• Recognize independence in everyday situations and explain it in everyday
language.

In high school the study of probability is extended to the notions of
independence and conditional probability. In contrast to grade 7 where
students computed P(A or B) by counting occurrences of simple events in A
∪ B, students in this unit learn to calculate P(A or B) in terms of P(A), P(B),
and P(A and B). They begin by considering compound events as subsets of
sample spaces, noting that in the sample space: the event “not A” is the
complement of A; that the event “A and B” is the intersection of sets A and
B; and that the event “A or B” is the union of A and B. The Addition Rule is
developed and used to compute a probability. During this unit students
examine situations involving pairs of independent and non-independent
events, learning to distinguish between such pairs in everyday situations.
They calculate probabilities of compound events in uniform probability
models, finding the conditional probability of A given B as the fraction of B’s
outcomes that are also in A. They observe and formalize relationships such
as P(A|B) = P(A and B)/P(B), and, when A and B are independent, P(A) =
P(A|B). In a previous statistics unit, students encountered two-way
frequency tables. In this unit, students revisit these tables as a way to
approximate conditional probabilities by treating the tables as a sample
space and extend their prior work to consider independence.

M2.1.4 Using conditional probability to interpret
data

Revisit two-way frequency tables and use them to approximate conditional
probabilities.

In high school the study of probability is extended to the notions of
independence and conditional probability. In contrast to grade 7 where
students computed P(A or B) by counting occurrences of simple events in A
∪ B, students in this unit learn to calculate P(A or B) in terms of P(A), P(B),
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and P(A and B). They begin by considering compound events as subsets of
sample spaces, noting that in the sample space: the event “not A” is the
complement of A; that the event “A and B” is the intersection of sets A and
B; and that the event “A or B” is the union of A and B. The Addition Rule is
developed and used to compute a probability. During this unit students
examine situations involving pairs of independent and non-independent
events, learning to distinguish between such pairs in everyday situations.
They calculate probabilities of compound events in uniform probability
models, finding the conditional probability of A given B as the fraction of B’s
outcomes that are also in A. They observe and formalize relationships such
as P(A|B) = P(A and B)/P(B), and, when A and B are independent, P(A) =
P(A|B). In a previous statistics unit, students encountered two-way
frequency tables. In this unit, students revisit these tables as a way to
approximate conditional probabilities by treating the tables as a sample
space and extend their prior work to consider independence.

M2.1.5 Using conditional probability and
independence to interpret data

Use data presented in two-way frequency tables to approximate
conditional probabilities and to decide if events are independent.

In high school the study of probability is extended to the notions of
independence and conditional probability. In contrast to grade 7 where
students computed P(A or B) by counting occurrences of simple events in A
∪ B, students in this unit learn to calculate P(A or B) in terms of P(A), P(B),
and P(A and B). They begin by considering compound events as subsets of
sample spaces, noting that in the sample space: the event “not A” is the
complement of A; that the event “A and B” is the intersection of sets A and
B; and that the event “A or B” is the union of A and B. The Addition Rule is
developed and used to compute a probability. During this unit students
examine situations involving pairs of independent and non-independent
events, learning to distinguish between such pairs in everyday situations.
They calculate probabilities of compound events in uniform probability
models, finding the conditional probability of A given B as the fraction of B’s
outcomes that are also in A. They observe and formalize relationships such
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as P(A|B) = P(A and B)/P(B), and, when A and B are independent, P(A) =
P(A|B). In a previous statistics unit, students encountered two-way
frequency tables. In this unit, students revisit these tables as a way to
approximate conditional probabilities by treating the tables as a sample
space and extend their prior work to consider independence.

M2.1.6 Tying ideas together

• Interpret two-way frequency tables of data when two categories are
associated with each object being classified, using the tables as a sample
space in determining conditional probabilities and independence. 
• Construct two-way frequency tables, use them to determine probabilities,
and interpret these probabilities in the context of the data.

In high school the study of probability is extended to the notions of
independence and conditional probability. In contrast to grade 7 where
students computed P(A or B) by counting occurrences of simple events in A
∪ B, students in this unit learn to calculate P(A or B) in terms of P(A), P(B),
and P(A and B). They begin by considering compound events as subsets of
sample spaces, noting that in the sample space: the event “not A” is the
complement of A; that the event “A and B” is the intersection of sets A and
B; and that the event “A or B” is the union of A and B. The Addition Rule is
developed and used to compute a probability. During this unit students
examine situations involving pairs of independent and non-independent
events, learning to distinguish between such pairs in everyday situations.
They calculate probabilities of compound events in uniform probability
models, finding the conditional probability of A given B as the fraction of B’s
outcomes that are also in A. They observe and formalize relationships such
as P(A|B) = P(A and B)/P(B), and, when A and B are independent, P(A) =
P(A|B). In a previous statistics unit, students encountered two-way
frequency tables. In this unit, students revisit these tables as a way to
approximate conditional probabilities by treating the tables as a sample
space and extend their prior work to consider independence.

M2.1.7 Summative Assessment
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Assess students’ ability to

• use the rules of probability to solve problems (multiplication and addition
rules);
• use conditional probability to solve problems;
• determine independence of events using the product rule and conditional
probability;
• describe solutions to probabilistic situations using everyday language.

In high school the study of probability is extended to the notions of
independence and conditional probability. In contrast to grade 7 where
students computed P(A or B) by counting occurrences of simple events in A
∪ B, students in this unit learn to calculate P(A or B) in terms of P(A), P(B),
and P(A and B). They begin by considering compound events as subsets of
sample spaces, noting that in the sample space: the event “not A” is the
complement of A; that the event “A and B” is the intersection of sets A and
B; and that the event “A or B” is the union of A and B. The Addition Rule is
developed and used to compute a probability. During this unit students
examine situations involving pairs of independent and non-independent
events, learning to distinguish between such pairs in everyday situations.
They calculate probabilities of compound events in uniform probability
models, finding the conditional probability of A given B as the fraction of B’s
outcomes that are also in A. They observe and formalize relationships such
as P(A|B) = P(A and B)/P(B), and, when A and B are independent, P(A) =
P(A|B). In a previous statistics unit, students encountered two-way
frequency tables. In this unit, students revisit these tables as a way to
approximate conditional probabilities by treating the tables as a sample
space and extend their prior work to consider independence.
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M2.2 Quadratic Functions

 • Construct quadratic functions and quadratic sequences.
 • Represent quadratic functions using recursive formulas, expressions, tables,
and graphs.
 • Express quadratic functions in equivalent forms for different purposes;
understand the relation between vertex form and the shape of the graph.
 • Find the average rate of change of a quadratic function over a unit interval and
compare rates for successive intervals.
 • Describe properties that distinguish linear, exponential, and quadratic
functions.
 • Model with quadratic functions.

In unit A1 students developed fluency with linear functions and in unit A2 they
learned about simple exponential functions. Students can use graphing
technology to plot a function, find intercepts and intersection points, and find a
linear regression. They know exponent rules and the application of the
distributive property to combining like terms or factoring out a common factor.
In this unit students build and interpret quadratic functions. They work with contexts
that can be modeled by quadratic functions and compare them with contexts that can
be modeled linear and exponential functions. They express quadratic functions using
recursive equations (e.g. ), equations in two variables (e.g. 

), or function notation (e.g. ). They understand the
purpose of different forms for the quadratic expression on the right hand side in the
last two cases. They graph quadratic functions expressed in different forms, and
construct functions expressed in factored or vertex form for a given learn how to put a
function in vertex form, and see what information can be most easily obtained from it.

In unit A4 students solve quadratic equations in one variable approximately and exactly
using various methods. They continue to develop facility in algebraic manipulation of
quadratic expressions and equations. In unit A5, they explore complex numbers and
revisit quadratic equations to solve for complex roots.

M2.2.0 Pre-unit diagnostic assessment

 • distinguish linear from exponential functions and identify if a function is

f (n + 1) = f (n) + 2n + 1
y = + 2x + 3x2 f (x) = + 2x + 3x2
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neither;
 • evaluate quadratic expressions and solve simple quadratic equations by
inspection.  • solve simple quadratic equations by inspection

M2.2.1 It’s Neither Linear Nor Exponential

 • Model a context with a quadratic function and interpret values of the
function in context.
 • Graph a quadratic function and interpret the graph.
 • Find the average rate of change over a unit interval and compare rates for
successive intervals.

This hook lesson touches on topics that arise throughout the unit: modeling
with quadratic functions, interpreting their graphs in terms of a context, the
way quadratic functions grow, and solving quadratic equations. The specific
quadratic function used is of the simplest type and students do not have to
carry out extensive manipulations. Rather, the context provides a
motivation for learning those manipulations.

M2.2.2 Visual Patterns and Quadratic Sequences

 • Look for structure in number sequences arising from visual patterns. 
 • Model the patterns with quadratic functions given by recursive
descriptions, expressions, or equations.

In the previous section students saw a quadratic function where the change
over successive intervals of a fixed length grows linearly. It is not until
calculus that students will be able to describe precisely the growth law for
quadratic functions (namely that their derivatives are linear). However, they
can see a discrete version of this law by restricting to quadratic functions
whose domains are the whole numbers, that is, quadratic sequences. This
allows students to focus on some basic features of quadratic functions
without getting bogged down in analysis of real world data and contexts. In
this and subsequent sections these sequences often arise from sequences
of visual patterns. Each visual pattern lends itself to a geometric
interpretation for how it grows, in such a way that the number of additional
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squares (or other objects) in each successive pattern grows linearly. It is
then natural to model the number with a quadratic sequence given what
students learned in the previous section. Students conjecture the number
of squares at a given stage, create a table, and express the number of
squares algebraically. Since the prompts are visual patterns, there are
multiple points of entry and students have a context with which to check
their conjectures. A note on equations, expressions, and functions: students
might initially write an expression, for example , to represent the number
of squares in the pattern. This is a natural thing to do. At some later point,
in order to help them see that a sequence is a function, it might be helpful
to introduce another variable  for the number of squares in the pattern
and write an equation , or to use function notation . All are
acceptable, but it is important to use terminology correctly and not refer to
expressions as equations or vice versa.

M2.2.3 Compare Equivalent Expressions for
Quadratic Functions

 • Understand that different ways of seeing a pattern give rise to different
but equivalent expressions for the function arising from the pattern. 
 • Reason through the equivalence of expressions.

This section explores equivalence of quadratic expressions. Visual patterns
that are more complicated than in the previous section lead to different
ways of expressing a quadratic function and prompt a discussion about the
meaning of equivalence (equivalent expressions define the same function)
and what purpose each of the equivalent forms might be useful for. Various
equivalences can be explored in this section. Students draw on their
previous knowledge of the distributive property to multiply binomials (the
principle of multiplying “each by each”), including the special case of
expanding the square in an expression given in vertex form. They also
begin to think about how these processes might be reversed (factoring and
completing the square).
Tasks
A-SSE Seeing Dots 
A-SSE Equivalent Expressions 

n2

S
S = n2 f (n) = n2
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M2.2.4 Compare Quadratic Functions with Linear
and Exponential Functions

 • Distinguish between tables representing linear, exponential, and
quadratic functions. 
 • Distinguish between graphs of linear, exponential, and quadratic
functions. 
 • Use precise language to describe properties that distinguish linear,
exponential, and quadratic functions.

Now that students have been introduced to quadratic functions they
compare them with the two other families of functions they have studied,
linear and exponential functions. They compare tables and graphs and
describe the differences. They also compare the growth of increasing
quadratic functions with the growth of increasing linear functions or
increasing exponential functions.
Tasks
F-LE Identifying Functions 

M2.2.5 Model Simple Contexts with Quadratic
Functions

 • Construct a simple quadratic model. 
 • Use the model to solve problems and make predictions.

Now that students have constructed quadratic functions and compared
them with linear and exponential functions, they start to explore contexts
that can be modeled by quadratic functions. Different contexts naturally
lead to different forms, and students use the skills developed in Section 3 to
convert between forms. They also consider what shape graph is suggested
by the context and use that information to narrow down the possibilities for
expressing the function. This section could revisit the context from Section
1 in a deeper way, or bring in completely new contexts as listed here.
Tasks
F-BF Skeleton Tower 
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M2.2.6 Mid-Unit Assessment

 • write, use and interpret quadratic function that models a given context;
 • express quadratic functions in equivalent forms and choose an
appropriate form for a given purpose;
 • differentiate between graphs and tables of values for linear, exponential,
and quadratic functions; 
 • label features of the graph of a quadratic function with key vocabulary
words (axis of symmetry, vertex, maximum, minimum, x-intercept, y-
intercept).

M2.2.7 Express Quadratic Functions in Vertex Form

 • Understand how the structure of vertex form is related to the maximum
or minimum value of the function and to the vertex of its graph. 
 • Use vertex form to write a possible quadratic function given the
maximum or minimum of the function or the vertex of its graph.

The standard form of a quadratic is not always the most useful form for a
given situation. When modeling the path of a projectile, for example, it may
be useful to express a function in vertex form in order to find the maximum
height. In this section students interpret and construct functions expressed
in vertex form. It is possible, but not necessary, that students begin work
with converting a function from standard form to vertex form by
completing the square. They are not expected to gain fluency in this
operation until the next unit.
Tasks
F-BF Building a quadratic function from  

M2.2.8 Work with the Three Basic Forms

 • Understand how the structure of factored form is related to the zeros of a
function and the x-intercepts of its graph.
 • Select the best form for expressing a quadratic function to illuminate
specific features of graphs.

f (x) = x2
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In this section, students write quadratic functions in different forms to
illuminate different features of the function. Through the use of graphing
technology or by hand, they explore ways to sketch quadratic functions
given key features of the graph. Factored form, which has not been
explicitly discussed before now, comes into play in these activities and
students explore its equivalence to other forms through graphing. They
explore expressions in vertex, factored, or standard form and interpret
those expressions in terms of a model. By the end of this section students
should be fluent with converting from factored or vertex form to standard
form. They are also in the process of learning how to construct factored and
vertex form from standard form, and become fluent with this in the next
unit.
Tasks
A-SSE Graphs of Quadratic Functions 
A-SSE Profit of a company 
F-IF Which Function? 

M2.2.9 Model Richer Contexts with Quadratic
Functions

 • Fit functions to verbal descriptions and graphs using key features.
 • Solve modeling problems.

Students are now ready to start applying their knowledge of quadratic
functions. They draw on their ability to construct expressions for functions
to meet a given purpose. They identify intercepts and vertices in order to
write functions that match a given situation. The work in this section
prepares students for the work on solving quadratic equations in one
variable but does not require students to find exact solutions to them.
Tasks
F-BF Medieval Archer 
F-LE Choosing an appropriate growth model 

M2.2.10 Choosing the Most Convenient Form
(Optional)
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 • Select find a function that matches a given graph.

This section can be used at the end of the unit or intermittently throughout
the unit to reinforce different aspects of quadratic functions (and other
functions) using technology. The Daily Desmos challenges here mostly
contain quadratics, but a few have either linear or exponential components
making them a perfect opportunity to think through other types of
functions they learned more about in previous units or grade levels and
compare them with their new knowledge of quadratics.

M2.2.11 Summative assessment

 • generate functions given graphs and graphs given functions;
 • interpret expressions for quadratic functions in terms of a context it
represents;
 • express quadratic functions in different forms for different purposes;
 • solve modeling problems using quadratic functions.
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M2.3 Quadratic Equations

•  Connect solving quadratic equations to finding zeros of quadratic functions.
•  Explore forms of quadratic equations that can be solved by seeing structure.
•  Understand and be able to use the method of factoring to solve factorable
quadratic equations.
•  Understand and be able to use the method of completing the square to solve
quadratic equations, and derive the quadratic formula.
•  Construct and solve quadratic equations by the most strategic method to solve
problems in various contexts.
•  Express a quadratic function in the appropriate form for a given purpose,
including vertex form.
•  Solve problems using systems consisting of a linear and a quadratic equation in
two variables.
•  Derive the equation of a parabola given the focus and a directrix parallel to one
of the axes.

Students have just completed a study of quadratic functions where they explored
tables, graphs, and expressions for quadratic functions in situations that can be
modeled by them. The various forms of a quadratic expression were necessitated and
explored.

In this unit, students see quadratic equations arise naturally out of modeling problems
involving quadratic functions. Any time you want to know the input to a quadratic
function that produces a specified output, you have to solve a quadratic equation.
Students understand solving quadratic equations as a process of reasoning and use
the properties of operations to form equivalent quadratic expressions and equations.
They convert between standard, vertex, and factored form by factoring, completing the
square, and distributing. This unit does not treat factoring as a systematic method, but
rather as an opportunistic method to be used when a factorization is readily available.
The method of completing the square is a systematic method that works in all cases,
and leads to the quadratic formula. Students should be able to solve quadratic
equations by many different methods, making strategic choices of the best method for
the situation at hand.

Students then adapt the method of completing the square to putting a quadratic
function in vertex form. The unit ends with a section on deriving the equation for a
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parabola from its geometric definition.

After this unit students will start to encounter situations where the roots are not real
numbers, which will prepare them for a full investigation of complex numbers in the
next unit.

M2.3.0 Pre-unit diagnostic assessment

Diagnose students’ ability to
 • recognize a solution to a quadratic equation;
 • perform operations on rational numbers;
 • work with irrational numbers, primarily by approximating on the number
line.

M2.3.1 Motivate solving quadratic equations

 • Generate an intellectual need to solve a quadratic equation.
 • Understand the graphical method for solving equations approximately.

In this section students develop an intellectual need for a general method
for solving quadratic equations, through an encounter with a problem that
is not obviously modeled by a quadratic equation and where the solution
isn’t obvious through reasoning or inspection. They solve the problem
approximately using graphing technology. Some students may have
experience with solving quadratic equations and offer solutions. Solving the
equation exactly can be delayed until Section 3, where students can solve it
by completing the square.

M2.3.2 What do we already know about solving
quadratic equations?

 • Understand the Zero Product Property and use it to justify steps to solve a
factorable quadratic equation.
 • Explore forms of quadratic equations that can be solved by seeing
structure.
 • Connect solving quadratic equations to finding zeros of quadratic
functions.
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In Unit A3 students saw that the factored form of a quadratic function
makes it easy to see the zeros of the function. Here they see that fact in a
different light, learning that finding the zeros of a quadratic function is the
same as solving the quadratic equation obtained by setting the function
equal to zero. Students use factoring as an opportunistic method to solve
quadratic equations, taking advantage of situations where a factorization is
readily available from seeing the structure of a quadratic expression (e.g. a
difference of squares) MP.7. Then they see how the vertex form of a
quadratic function can also be useful in solving quadratic equations by
taking square roots, as preparation for the general method of completing
the square in the next section. Note: The fact that a number has at most
two square roots is connected to the factored form. For example, the fact
that  has only the two solutions  and  follows from the fact that
the equation  can be converted to factored form 

Tasks
A-REI Zero Product Property 1 
A-REI, A-APR Solving a Simple Cubic Equation 
Quadratic Sequence 1 
Quadratic Sequence 2 

M2.3.3 Solve quadratic equations by completing the
square

Understand and be able to use the method of completing the square to
solve quadratic equations.

This section continues to develop the method of completing the square
with a carefully sequenced set of activities. Initially students look at
equations in which an expression of the form  is clearly visible;
then they consider equations in general form. By the end of the section
students arrive at completing the square as a general method for solving
quadratic equations, both executing the procedure and understanding how
it works.
Tasks
Quadratic Sequence 3 

= 4x2 2 – 2
− 4 = 0x2

(x + 2)(x − 2) = 0.

+ 2axx2
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A-REI Visualizing Completing the Square 

M2.3.4 Put quadratic functions in vertex form.

Put quadratic functions in vertex form.

In this section, students adapt the method of completing the square from
solving quadratic equations to putting into vertex form the expressions that
define quadratic functions. This connects with the work in Unit A3 Section 7,
where students saw the geometric meaning of vertex form but did not
necessarily learn how to put a quadratic function in that form.

M2.3.5 Deriving the quadratic formula

Use completing the square to derive the quadratic formula.

Now that students have practice with completing the square, they have all
of the tools they need to look at solving quadratic equations more
abstractly and derive the quadratic formula. For some students, the
algebraic manipulation in this section will seem overwhelming, but for
others this section can bring home the connectedness between all they
have learned about solving quadratic equations thus far. The main purpose
of this section is to derive and build a conceptual understanding of the
quadratic formula before using it to solve equations in the next section.

M2.3.6 Practice with all methods, picking the best
one to use, and drawing connections between them.

 • Construct and solve quadratic equations by the most strategic method in
various contexts.
 • Express a quadratic function in the appropriate form for a given purpose.

Now that students have a full toolbox for solving quadratic equations and
expressing quadratic functions in different forms, their task becomes
selecting which one to use in varying situations. In this section students see
a variety of mathematical and real world problems, with the most strategic
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solution method varying from one problem to the next.
Tasks
A-REI Braking Distance 
F-IF, A-REI Springboard Dive 
F-IF Throwing Baseballs 
A-REI Two Squares are Equal 

M2.3.7 Connect algebra to geometry

 • Solve problems using systems of a linear and a quadratic equation in two
variables.
 • Derive equation of a parabola given the focus and a directrix parallel to
one of the axes.

In this section students connect equations in two variables to the geometry
of the curves they define. They study systems of linear and quadratic
equations. In Grade 8 they used similar triangles to explain why a line has
constant slope, and thus derived the equation y=mx+b for a non-vertical
line. In this unit they extend this work to parabolas, explaining why the
geometric definition of a parabola leads to a quadratic equation in two
variables.
Tasks
A-REI A Linear and Quadratic System 
G-GPE Defining Parabolas Geometrically 

M2.3.8 Culminating Activity

Apply the tools learned in this unit to a real-world situation.

In this section students have opportunities to strengthen and deepen their
understanding by applying their new learning to a novel context.

M2.3.9 Summative Assessment

 • Assess students’ ability to  • reason with algebraic properties to solve
quadratic equations;
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 • select the best method to solve a quadratic equation (factor, complete the
square, quadratic formula);
 • relate solutions of quadratic equations to graphs and interpret solutions
in terms of a context.
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M2.4 Extending the Number System

•  Work with infinite decimal expansions of numbers on the number line.
•  Reason about operations with rational and irrational numbers.
•  Extend properties of integer exponents to rational exponents and write
expressions with rational exponents as radicals.
•  Solve equations and real-world problems involving radicals and fractional
exponents.
•  Note extraneous solutions and explain where they come from.
•  Discover a new type of number that is outside previously known number
systems.
•  Perform operations with complex numbers.
•  Solve quadratic equations with complex solutions.

In Grade 8, students discovered there are numbers that are not rational. They
approximated them using rational numbers to locate them approximately on the
number line. They also worked with integer exponents and became familiar with the
basic exponent rules. Finally, in their work with quadratics, students encountered
situations where they came to a negative under the square root sign, which was
interpreted until now as meaning the equation had no solutions.

The theme of this unit is extending number systems and operations on numbers, first
from rational to real numbers and then from real to complex numbers. Along the way
students extend the operation of raising a number to a power to situations where the
exponent is not an integer. They define the meaning of a numerical expression with
rational exponents in terms of radicals, by reasoning about how to extend the
exponent rules. They use this new understanding to solve equations involving rational
exponents and radicals. Finally they extend the real number system and the operations
on real numbers to include complex numbers and use them to solve quadratic
equations with no real solutions.

In future units on exponential functions, students will extend their knowledge of
rational exponents and apply them to even more complicated situations. Students
pursuing careers in STEM fields might use imaginary and complex numbers in many of
their future college courses.

M2.4.0 Pre-unit diagnostic assessment
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Assess students’ ability to
 • recall, from eighth grade, the definition of rational numbers and well-
known examples of irrational numbers;
 • mentally compute and work with exponents, including 0, negative
exponents, and negative bases;
 • solve a quadratic equation by various methods.

M2.4.1 From rational numbers to the real number
line

 • Work with infinite decimal expansions of numbers on the number line.
 • Reason about operations with rational and irrational numbers.

In this section, students take a deeper look at the number line. In
elementary school they learned how to place fractions on the number line
and in middle school they added negative numbers and learned about the
existence of a few isolated irrational numbers, such as  and . Now they
see infinite decimal expansions as a way of locating any number, rational or
irrational, on the number line. They also expand their repertoire of
irrational numbers by considering sums and products of rational with
irrational numbers.

M2.4.2 Extend the properties of exponents to
rational exponents

 • Extend properties of integer exponents to rational exponents and write
expressions with rational exponents as radicals.
 • Solve real-world problems in which rational exponents arise.

Students have encountered square roots and cube roots in Grades 6–8.
Now that they have the real numbers at their disposal they can
contemplate more complicated numerical expressions involving radicals
and fractional exponents. In this section they learn the rules for
manipulating such expressions. They first review familiar exponent rules
and remind themselves how they rewrite exponential expressions,
particularly the rule . They investigate the consequences of

π 2‾√

( =xa )b xab
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extending this rule to rational exponents and see how it implies that 
. The section continues with a modeling task using Kepler’s

Law and then wraps up with a short reasoning task where students can
work with rational exponents in decimal form.

M2.4.3 Solve radical equations

 • Solve radical equations and equations with fractional exponents.
 • Note extraneous solutions and describe where they came from.

In this section, students will move from reasoning about expressions with
rational exponents to solving equations involving such expressions. They
reason through to the solution step by step. They explore extraneous
solutions and explain why they occur.

M2.4.4 Pre-unit diagnostic assessment

Assess students’ ability to
 • identify extraneous solutions when solving radical equations;
 • rewrite expressions with rational exponents and radicals;
 • demonstrate understanding about the outcomes of operations on rational
and irrational numbers.

M2.4.5 Beyond the number line: complex numbers

Discover a new type of number that is outside previously known number
systems.

In this section, a new type of number is necessitated and then defined
collaboratively. By hinging their understanding on their previous knowledge
of numbers and then posing a question that doesn’t fit into that system,
students hit a point of disequilibrium where they need to define imaginary
numbers and then seek to understand how they behave, particularly taking
note of patterns that emerge with them.
Tasks
N-CN Complex number patterns 

a/b) =x( xa‾‾√
b
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M2.4.6 Operations on complex numbers

 • Explore how the new number, i, behaves under certain operations.
 • Perform operations with complex numbers and draw conclusions about
patterns that emerge.

With a new type of number in their world, students can begin exploring the
properties of these numbers and how to add, subtract, multiply and divide
them using the properties of operations to guide the work. They explore
patterns that emerge when  is raised to positive integer powers, and build
on this work by investigating similar patterns with other complex numbers.

M2.4.7 Solve quadratic equations with complex roots

Apply knowledge of complex numbers to solve quadratic equations with
complex solutions.

In this final section of the unit, students connect their knowledge of
complex numbers to their previous work with quadratics. They learn that
quadratic equations always have complex solutions even when they have
no real solutions, unifying the class of quadratic equations when the
complex number system is considered.

M2.4.8 Summative Assessment

i
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M2.5 Similarity

• Verify experimentally properties of dilations, and use center and scale factor to
describe them. 
• Use the definition of similarity to decide if two figures are similar. 
• Use the properties of similarity to establish AA criterion for two triangles to be
similar. 
• Prove and use some theorems about triangles. 
• Prove and use slope criteria for parallel and perpendicular lines. 
• Construct points that partition a segment in a given ratio. 
• Explore why all circles are similar. 

Students describe dilations in terms of center and scale factor and use these
terms to describe properties of dilations (for example, as a result of a dilation,
the image of a line segment that does not include the center of dilation is parallel
to its pre-image, with a proportional length determined by the scale factor). As in
unit G1, students work with concepts from grade 8, but now use constructions
created by hand or with software rather than physical models and
transparencies. They develop a more precise definition of similarity in terms of a
dilation, drawing on their knowledge of proportional relationships developed in
grades 6 and 7. Students also use the definition of similarity to show that two
objects are similar and establish the AA criterion for triangle similarity. With this
knowledge they then prove and use theorems about triangles, prove and use
slope criteria for parallel and perpendicular lines, construct points that partition a
line segment into a given ratio, and explore why all circles are similar.

In units G1 and G2, students worked with rigid motions: translations, rotations,
and reflections. They used these to show congruences between triangles, and
prove theorems, after defining congruence in terms of transformations. In grade
8, they used physical models, transparencies, and geometry software to
understand congruence and similarity in terms of transformations, and described
the effects of transformations on given two-dimensional figures in terms of
coordinates for the figures. As in unit G2, students work with concepts from
grade 8, but use constructions, by hand or with software, rather than physical
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models and transparencies. This unit also draws on the knowledge of
proportional relationships that students developed in grades 6 and 7. In this unit,
students describe dilations in terms of center and scale factor, and use these
terms to describe properties of dilations. They use these properties to solve
problems and prove theorems. In the next unit, students extend their knowledge
of similar triangles to build an understanding of the trigonometric ratios and use
these ratios to solve problems involving right triangles.

M2.5.0 Pre-unit diagnostic assessment

Assess students’ ability to

• draw the transformed figure, given a figure and a reflection, rotation, or
translation;
• show that two figures are congruent by describing a series of rigid motions
that map one onto another.

Students describe dilations in terms of center and scale factor and use
these terms to describe properties of dilations (for example, as a result of a
dilation, the image of a line segment that does not include the center of
dilation is parallel to its pre-image, with a proportional length determined
by the scale factor). As in unit G1, students work with concepts from grade
8, but now use constructions created by hand or with software rather than
physical models and transparencies. They develop a more precise definition
of similarity in terms of a dilation, drawing on their knowledge of
proportional relationships developed in grades 6 and 7. Students also use
the definition of similarity to show that two objects are similar and establish
the AA criterion for triangle similarity. With this knowledge they then prove
and use theorems about triangles, prove and use slope criteria for parallel
and perpendicular lines, construct points that partition a line segment into a
given ratio, and explore why all circles are similar.

M2.5.1 Motivate the need for similarity

Understand the properties of dilations in order to solve a problem.

28

Illustrative 
Mathematics

https://www.illustrativemathematics.org/blueprints/M2/5/0
https://www.illustrativemathematics.org/blueprints/M2/5/1


Students describe dilations in terms of center and scale factor and use
these terms to describe properties of dilations (for example, as a result of a
dilation, the image of a line segment that does not include the center of
dilation is parallel to its pre-image, with a proportional length determined
by the scale factor). As in unit G1, students work with concepts from grade
8, but now use constructions created by hand or with software rather than
physical models and transparencies. They develop a more precise definition
of similarity in terms of a dilation, drawing on their knowledge of
proportional relationships developed in grades 6 and 7. Students also use
the definition of similarity to show that two objects are similar and establish
the AA criterion for triangle similarity. With this knowledge they then prove
and use theorems about triangles, prove and use slope criteria for parallel
and perpendicular lines, construct points that partition a line segment into a
given ratio, and explore why all circles are similar.

M2.5.2 Properties of dilations

• Verify experimentally the properties of a dilation.
• Produce a transformed figure given an initial figure and scale factor.

Students describe dilations in terms of center and scale factor and use
these terms to describe properties of dilations (for example, as a result of a
dilation, the image of a line segment that does not include the center of
dilation is parallel to its pre-image, with a proportional length determined
by the scale factor). As in unit G1, students work with concepts from grade
8, but now use constructions created by hand or with software rather than
physical models and transparencies. They develop a more precise definition
of similarity in terms of a dilation, drawing on their knowledge of
proportional relationships developed in grades 6 and 7. Students also use
the definition of similarity to show that two objects are similar and establish
the AA criterion for triangle similarity. With this knowledge they then prove
and use theorems about triangles, prove and use slope criteria for parallel
and perpendicular lines, construct points that partition a line segment into a
given ratio, and explore why all circles are similar.

M2.5.3 Introduction to similarity
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Use the definition of similarity in terms of transformations.

Students describe dilations in terms of center and scale factor and use
these terms to describe properties of dilations (for example, as a result of a
dilation, the image of a line segment that does not include the center of
dilation is parallel to its pre-image, with a proportional length determined
by the scale factor). As in unit G1, students work with concepts from grade
8, but now use constructions created by hand or with software rather than
physical models and transparencies. They develop a more precise definition
of similarity in terms of a dilation, drawing on their knowledge of
proportional relationships developed in grades 6 and 7. Students also use
the definition of similarity to show that two objects are similar and establish
the AA criterion for triangle similarity. With this knowledge they then prove
and use theorems about triangles, prove and use slope criteria for parallel
and perpendicular lines, construct points that partition a line segment into a
given ratio, and explore why all circles are similar.

M2.5.4 Prove all circles are similar

Prove that all circles are similar.

Students describe dilations in terms of center and scale factor and use
these terms to describe properties of dilations (for example, as a result of a
dilation, the image of a line segment that does not include the center of
dilation is parallel to its pre-image, with a proportional length determined
by the scale factor). As in unit G1, students work with concepts from grade
8, but now use constructions created by hand or with software rather than
physical models and transparencies. They develop a more precise definition
of similarity in terms of a dilation, drawing on their knowledge of
proportional relationships developed in grades 6 and 7. Students also use
the definition of similarity to show that two objects are similar and establish
the AA criterion for triangle similarity. With this knowledge they then prove
and use theorems about triangles, prove and use slope criteria for parallel
and perpendicular lines, construct points that partition a line segment into a
given ratio, and explore why all circles are similar.
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M2.5.5 Mid-Unit Assessment

Assess students’ ability to establish similarity of shapes by showing a series
of transformations in the plane.

Students describe dilations in terms of center and scale factor and use
these terms to describe properties of dilations (for example, as a result of a
dilation, the image of a line segment that does not include the center of
dilation is parallel to its pre-image, with a proportional length determined
by the scale factor). As in unit G1, students work with concepts from grade
8, but now use constructions created by hand or with software rather than
physical models and transparencies. They develop a more precise definition
of similarity in terms of a dilation, drawing on their knowledge of
proportional relationships developed in grades 6 and 7. Students also use
the definition of similarity to show that two objects are similar and establish
the AA criterion for triangle similarity. With this knowledge they then prove
and use theorems about triangles, prove and use slope criteria for parallel
and perpendicular lines, construct points that partition a line segment into a
given ratio, and explore why all circles are similar.

M2.5.6 Establish AA criterion for triangles

• Explore and establish the AA criterion for triangles, if two triangles with
two pairs of angles congruent, then the triangles are similar.
• Consider the analogous question for quadrilaterals, i.e., “Is there an AAA
criterion for quadrilaterals?,”

Students describe dilations in terms of center and scale factor and use
these terms to describe properties of dilations (for example, as a result of a
dilation, the image of a line segment that does not include the center of
dilation is parallel to its pre-image, with a proportional length determined
by the scale factor). As in unit G1, students work with concepts from grade
8, but now use constructions created by hand or with software rather than
physical models and transparencies. They develop a more precise definition
of similarity in terms of a dilation, drawing on their knowledge of
proportional relationships developed in grades 6 and 7. Students also use
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the definition of similarity to show that two objects are similar and establish
the AA criterion for triangle similarity. With this knowledge they then prove
and use theorems about triangles, prove and use slope criteria for parallel
and perpendicular lines, construct points that partition a line segment into a
given ratio, and explore why all circles are similar.

M2.5.7 Prove theorems about triangles using
similarity

• Prove that a line parallel to one side of a triangle partitions the other two
sides proportionally.
• Prove the segment joining the midpoints of two sides of a triangle is
parallel to the third side and half the length.
• Prove the Pythagorean Theorem using triangle similarity.
• Prove and use slope criteria for parallel and perpendicular lines.

Students describe dilations in terms of center and scale factor and use
these terms to describe properties of dilations (for example, as a result of a
dilation, the image of a line segment that does not include the center of
dilation is parallel to its pre-image, with a proportional length determined
by the scale factor). As in unit G1, students work with concepts from grade
8, but now use constructions created by hand or with software rather than
physical models and transparencies. They develop a more precise definition
of similarity in terms of a dilation, drawing on their knowledge of
proportional relationships developed in grades 6 and 7. Students also use
the definition of similarity to show that two objects are similar and establish
the AA criterion for triangle similarity. With this knowledge they then prove
and use theorems about triangles, prove and use slope criteria for parallel
and perpendicular lines, construct points that partition a line segment into a
given ratio, and explore why all circles are similar.

M2.5.8 Use similarity to solve problems

Solve problems and prove relationships using properties of similar triangles.

Students describe dilations in terms of center and scale factor and use
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these terms to describe properties of dilations (for example, as a result of a
dilation, the image of a line segment that does not include the center of
dilation is parallel to its pre-image, with a proportional length determined
by the scale factor). As in unit G1, students work with concepts from grade
8, but now use constructions created by hand or with software rather than
physical models and transparencies. They develop a more precise definition
of similarity in terms of a dilation, drawing on their knowledge of
proportional relationships developed in grades 6 and 7. Students also use
the definition of similarity to show that two objects are similar and establish
the AA criterion for triangle similarity. With this knowledge they then prove
and use theorems about triangles, prove and use slope criteria for parallel
and perpendicular lines, construct points that partition a line segment into a
given ratio, and explore why all circles are similar.

M2.5.9 Summative Assessment

Assess students’ ability to meet the mathematical goals outlined at the
beginning of the unit.

Students describe dilations in terms of center and scale factor and use
these terms to describe properties of dilations (for example, as a result of a
dilation, the image of a line segment that does not include the center of
dilation is parallel to its pre-image, with a proportional length determined
by the scale factor). As in unit G1, students work with concepts from grade
8, but now use constructions created by hand or with software rather than
physical models and transparencies. They develop a more precise definition
of similarity in terms of a dilation, drawing on their knowledge of
proportional relationships developed in grades 6 and 7. Students also use
the definition of similarity to show that two objects are similar and establish
the AA criterion for triangle similarity. With this knowledge they then prove
and use theorems about triangles, prove and use slope criteria for parallel
and perpendicular lines, construct points that partition a line segment into a
given ratio, and explore why all circles are similar.
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M2.6 Right Triangle Trigonometry

• Using similarity, show that side ratios in right triangles are properties of the
angles.
• Define the trigonometric ratios for acute angles.
• Explain and use the relationship between sine and cosine of complementary
angles.
• Use trigonometric ratios to solve a variety of modeling problems.

After an open-ended task intended to motivate the need for trigonometric ratios
(although the term is not used), students examine side ratios of similar right
triangles. Students then build tables of side ratios for several similar triangles
while noting that quotients of corresponding sides are the same. Using their
knowledge of similar triangles they see that the ratios are a property of an angle
rather than of a triangle. Only after laying this groundwork do students learn
that, for right triangles, the ratios are called “sine,” “cosine,” and “tangent.” Finally,
students examine the relationship between sine and cosine and use this
knowledge to solve a variety of problems.

In grades 6 and 7, students studied ratios. In those grades, a ratio is a pair of
numbers. Two pairs are said to be “in the same ratio” if their quotients are equal.
In previous geometry units, students have proved various theorems about
triangles including “the sum of the measures of the interior angles of a triangle is
180°” and “the base angles of isosceles triangles are congruent.” Students have
established the AA criteria for similar triangles and have experience working with
this theorem. At the end of unit G3, students used properties of similar triangles
(proportionality of corresponding sides and congruence of corresponding angles)
to solve problems. Traditionally, right angle trigonometry concerns quotients of
side-lengths of triangles which are called ratios, thus identifying a pair of
numbers with its quotient. In this unit, if they haven’t already done so, students
make the transition to blurring distinctions between ratio as pair and ratio as
quotient. After an open-ended task intended to motivate the need for
trigonometric ratios (although the term is not used), they examine side ratios of
similar right triangles. They build tables of side ratios for several similar triangles,

34

Illustrative 
Mathematics

https://www.illustrativemathematics.org/blueprints/M2/6


noting that quotients of corresponding sides are the same. Using their knowledge
of similar triangles, they see that the ratios are the property of an angle rather
than of a triangle. In section 3, students learn that, for right triangles, the ratios
are called “sine,” “cosine,” and “tangent.” Students then examine the relationship
between sine and cosine, and use their knowledge to solve problems. Later,
students see the sine and cosine of an acute angle as the coordinates of a point
on the unit circle formed by the terminal ray of the angle. They understand the
radian measure of an angle as the arc subtended by the angle.F-TF.A.1 Using the
unit circle, they extend the domains of the sine and cosine functions to all real
numbers.F-TF.A.2 They make sense of the oscillations of sine and cosine, as well
as the asymptotic behavior of tangent.

M2.6.0 Pre-unit diagnostic assessment

Assess students’ ability to

• use the Pythagorean Theorem to find unknown lengths in right triangles;
• use properties of similar triangles to solve for an unknown side in similar
right triangles.

After an open-ended task intended to motivate the need for trigonometric
ratios (although the term is not used), students examine side ratios of
similar right triangles. Students then build tables of side ratios for several
similar triangles while noting that quotients of corresponding sides are the
same. Using their knowledge of similar triangles they see that the ratios are
a property of an angle rather than of a triangle. Only after laying this
groundwork do students learn that, for right triangles, the ratios are called
“sine,” “cosine,” and “tangent.” Finally, students examine the relationship
between sine and cosine and use this knowledge to solve a variety of
problems.

M2.6.1 Why are trigonometric ratios useful?

Use side ratios of right triangles to solve a problem.

After an open-ended task intended to motivate the need for trigonometric
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ratios (although the term is not used), students examine side ratios of
similar right triangles. Students then build tables of side ratios for several
similar triangles while noting that quotients of corresponding sides are the
same. Using their knowledge of similar triangles they see that the ratios are
a property of an angle rather than of a triangle. Only after laying this
groundwork do students learn that, for right triangles, the ratios are called
“sine,” “cosine,” and “tangent.” Finally, students examine the relationship
between sine and cosine and use this knowledge to solve a variety of
problems.

M2.6.2 Side ratios of similar triangles

Understand that, due to properties of similar triangles, side ratios in right
triangles are properties of the angles in the triangle.

After an open-ended task intended to motivate the need for trigonometric
ratios (although the term is not used), students examine side ratios of
similar right triangles. Students then build tables of side ratios for several
similar triangles while noting that quotients of corresponding sides are the
same. Using their knowledge of similar triangles they see that the ratios are
a property of an angle rather than of a triangle. Only after laying this
groundwork do students learn that, for right triangles, the ratios are called
“sine,” “cosine,” and “tangent.” Finally, students examine the relationship
between sine and cosine and use this knowledge to solve a variety of
problems.

M2.6.3 Definitions of sine and cosine

Formalize their understanding of the ratio table by defining the
trigonometric ratios.

After an open-ended task intended to motivate the need for trigonometric
ratios (although the term is not used), students examine side ratios of
similar right triangles. Students then build tables of side ratios for several
similar triangles while noting that quotients of corresponding sides are the
same. Using their knowledge of similar triangles they see that the ratios are
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a property of an angle rather than of a triangle. Only after laying this
groundwork do students learn that, for right triangles, the ratios are called
“sine,” “cosine,” and “tangent.” Finally, students examine the relationship
between sine and cosine and use this knowledge to solve a variety of
problems.

M2.6.4 Relationship of sine and cosine

Explain and use the relationship between sine and cosine in complementary
angles.

After an open-ended task intended to motivate the need for trigonometric
ratios (although the term is not used), students examine side ratios of
similar right triangles. Students then build tables of side ratios for several
similar triangles while noting that quotients of corresponding sides are the
same. Using their knowledge of similar triangles they see that the ratios are
a property of an angle rather than of a triangle. Only after laying this
groundwork do students learn that, for right triangles, the ratios are called
“sine,” “cosine,” and “tangent.” Finally, students examine the relationship
between sine and cosine and use this knowledge to solve a variety of
problems.

M2.6.5 Solve problems using sine and cosine

Use sine, cosine, and tangent to solve right triangles in applied problems.

After an open-ended task intended to motivate the need for trigonometric
ratios (although the term is not used), students examine side ratios of
similar right triangles. Students then build tables of side ratios for several
similar triangles while noting that quotients of corresponding sides are the
same. Using their knowledge of similar triangles they see that the ratios are
a property of an angle rather than of a triangle. Only after laying this
groundwork do students learn that, for right triangles, the ratios are called
“sine,” “cosine,” and “tangent.” Finally, students examine the relationship
between sine and cosine and use this knowledge to solve a variety of
problems.
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M2.6.6 Summative assessment

Students demonstrate their ability to

• use the relationship between sine and cosine to solve problems;
• use sine, cosine, and tangent to solve problems in right triangles (including
indirect measurement).

After an open-ended task intended to motivate the need for trigonometric
ratios (although the term is not used), students examine side ratios of
similar right triangles. Students then build tables of side ratios for several
similar triangles while noting that quotients of corresponding sides are the
same. Using their knowledge of similar triangles they see that the ratios are
a property of an angle rather than of a triangle. Only after laying this
groundwork do students learn that, for right triangles, the ratios are called
“sine,” “cosine,” and “tangent.” Finally, students examine the relationship
between sine and cosine and use this knowledge to solve a variety of
problems.
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M2.7 Measurement and Solid Geometry

• Use geometric shapes to describe objects and use measures of the shapes.
• Use coordinates to compute perimeters of polygons and areas of triangles and
rectangles. 
• Give arguments that combine dissection and informal limits to yield the
circumference and area formulas for a circle. 
• Give dissection arguments that yield the volume formula for prisms. 
• Use the volume formula for prisms and an informal limit argument to obtain
the volume formula for cylinders. 
• Identify the shapes of two-dimensional cross-sections of three-dimensional
objects. 
• Identify three-dimensional objects generated from rotations of two-
dimensional shapes.
• Obtain the formula for volume of a pyramid with square base via dissection. 
• Use Cavalieri’s Principle to obtain the formula for the volume of a pyramid from
the formula for the volume of a pyramid with square base. 
• Use volume formulas to solve problems.
• Solve volume problems involving the calculation of density.

In this unit students give more sophisticated, although still informal, arguments
for the circumference, area, and volume formulas that they learned in earlier
grades. These arguments rely on dissections, informal limits, and Cavalieri’s
Principle. After giving arguments for the volume formulas, students use these
formulas in solving a variety of modeling problems, including problems that
involve density.

Students have been reasoning with shapes and their attributes since first grade.
In grade 5, they packed unit cubes into right rectangular prisms with whole-
number length sides and showed that the product of the edge lengths gives the
same result as counting the unit cubes. (5.MD.5a) In grade 7, students described
the two-dimensional figures that result from slicing three-dimensional figures.
(7.G.A.3) They gave an informal derivation of the relationship between the
circumference and area of a circle, and used the resulting formula together with
formulas for volumes of cubes and right prisms from earlier grades to solve
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problems. (7.G.B.4, 7.G.B.6) In grade 8, students learned the formulas for the
volumes of cones, cylinders, and spheres, and used them to solve real-world and
mathematical problems. (8.G.C.9)

M2.7.0 Pre-unit diagnostic assessment

Assess students’ ability to

• find the circumference of a circle from its area;
• find the volumes of various shapes including cylinders, cones,prisms;
• describe two-dimensional figures that result from slicing a right triangular
prism.

In this unit students give more sophisticated, although still informal,
arguments for the circumference, area, and volume formulas that they
learned in earlier grades. These arguments rely on dissections, informal
limits, and Cavalieri’s Principle. After giving arguments for the volume
formulas, students use these formulas in solving a variety of modeling
problems, including problems that involve density.

M2.7.1 Dimensions, surface area, and volume

Use volume formulas to solve real-life modeling problems.

In this unit students give more sophisticated, although still informal,
arguments for the circumference, area, and volume formulas that they
learned in earlier grades. These arguments rely on dissections, informal
limits, and Cavalieri’s Principle. After giving arguments for the volume
formulas, students use these formulas in solving a variety of modeling
problems, including problems that involve density.

M2.7.2 Area and perimeter on the coordinate plane

Use coordinates to compute perimeters of polygons and areas of triangles
and rectangles
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In this unit students give more sophisticated, although still informal,
arguments for the circumference, area, and volume formulas that they
learned in earlier grades. These arguments rely on dissections, informal
limits, and Cavalieri’s Principle. After giving arguments for the volume
formulas, students use these formulas in solving a variety of modeling
problems, including problems that involve density.

M2.7.3 Informal arguments for circle circumference

Give arguments that combine dissection and informal limits to yield the
circumference and area formulas for a circle.

In this unit students give more sophisticated, although still informal,
arguments for the circumference, area, and volume formulas that they
learned in earlier grades. These arguments rely on dissections, informal
limits, and Cavalieri’s Principle. After giving arguments for the volume
formulas, students use these formulas in solving a variety of modeling
problems, including problems that involve density.

M2.7.4 Informal arguments for volume formulas

• Give dissection arguments that yield the volume formula for prisms.
• Use the volume formula for prisms and an informal limit argument to
obtain the volume formula for cylinders.
• Obtain the formula for volume of a pyramid with square base via
dissection.

In this unit students give more sophisticated, although still informal,
arguments for the circumference, area, and volume formulas that they
learned in earlier grades. These arguments rely on dissections, informal
limits, and Cavalieri’s Principle. After giving arguments for the volume
formulas, students use these formulas in solving a variety of modeling
problems, including problems that involve density.

M2.7.5 Cross-sections, solids of revolution, and
Cavalieri's Principle

41

Illustrative 
Mathematics

https://www.illustrativemathematics.org/blueprints/M2/7/3
https://www.illustrativemathematics.org/blueprints/M2/7/4
https://www.illustrativemathematics.org/blueprints/M2/7/5


• Identify two-dimensional cross-sections of three-dimensional objects.
• Identify three-dimensional objects generated from rotating two-
dimensional shapes.
• Use Cavalieri’s Principle to obtain the formula for the volume of a pyramid
from the formula for the volume of a pyramid with square base.
• Use Cavalieri’s Principle to obtain the formula for the volume of a cone.

In this unit students give more sophisticated, although still informal,
arguments for the circumference, area, and volume formulas that they
learned in earlier grades. These arguments rely on dissections, informal
limits, and Cavalieri’s Principle. After giving arguments for the volume
formulas, students use these formulas in solving a variety of modeling
problems, including problems that involve density.

M2.7.6 Use volume formulas to solve problems

• Solve real-world and mathematical situations involving volume and
surface area.
• Solve volume problems involving the calculation of density.

In this unit students give more sophisticated, although still informal,
arguments for the circumference, area, and volume formulas that they
learned in earlier grades. These arguments rely on dissections, informal
limits, and Cavalieri’s Principle. After giving arguments for the volume
formulas, students use these formulas in solving a variety of modeling
problems, including problems that involve density.

M2.7.7 Summative Assessment

Students demonstrate their ability to

• explain where formulas for the volume of various shapes come from;
• use volume to solve a real-world problem;
• sketch two-dimensional cross-sections of a rectangular prism;
• describe a three-dimensional shape generated by rotating a shape around
a line.
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In this unit students give more sophisticated, although still informal,
arguments for the circumference, area, and volume formulas that they
learned in earlier grades. These arguments rely on dissections, informal
limits, and Cavalieri’s Principle. After giving arguments for the volume
formulas, students use these formulas in solving a variety of modeling
problems, including problems that involve density.
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