Summit Public Schools
Summit, New Jersey
Grade Level High School/ Content Area: Mathematics
Length of Course: Full Academic Year

Curriculum: Introduction to Analysis

Developed by:

Kyle Dattola
2020



Course DeSCl‘iptiOIl: The first semester of this course explores pre-calculus topics such as: polynomial
functions, trigonometry, conic sections, exponents and logarithms, mathematical induction, behavior of
functions, vectors in both two and three dimensions, and miscellaneous topics from advanced algebra and
analytic geometry. There will be a strong focus on understanding the foundation and characteristics of
functions. This will lead to a deeper understanding of the applications of the functions themselves. The second
semester begins a rigorous course in calculus and includes: limits, continuity, definition of derivative,
derivatives of algebraic functions, and applications of derivatives. The students will explore related rates, linear
approximation, and optimization. The calculus in this course is continued in the BC Calculus course. Students
will use a graphing calculator throughout the course.

Anticipated Timetable for Introduction to Analysis

Unit 1
Topic Time Frame
Functions and Their Graphs
Modeling and Equation Solving 2
Functions and their properties 1.5
Piecewise-Defined Functions 1.5
Quiz 1
Combining Functions and Function Composition 2
Inverses 1
Transformations 2
Quiz 1
Review 1
Test 1
Total 14 days
Unit 2
Topic Time Frame

Modeling with Algebraic Functions

Review of Finding Zeros 1

Rates of Change 1




Modeling with Functions 1

Linear Functions 1

Power Functions 1

Quiz 1

Polynomial Functions 2

Rational Functions 2

Quiz 1

Solving Rational Equations and Inequalities 2

Review 1

Test 1

Total 15 days
Unit 3

Topic Time Frame

Modeling with Transcendental Functions

Exponential and Logistic Functions 2

Solving Exponential and Logarithmic Equations 2

Applications of Logarithms and Exponents 1

Quiz 1

Graphs of Sine and Cosine 2

Other Trigonometric Functions 2

Quiz 1

Applications of Trigonometric Functions 2

Review 1

Test 1

Total 15 days




Unit 4

Topic
Analytic Trigonometry

Time Frame

Fundamental Identities 1

Proving Trigonometric Identities 2

Solving trigonometric Equations 2

Sum and Difference Identities 1

Multiple Angle Identities 1

Quiz 1

Law of Sines 2

Law of Cosines 1

Application of Law of Sines and Cosines 1

Quiz 1

Polar Coordinates 2

Graphs of Polar Equations 2

Quiz 1

DeMoivre’s Theorem and nth roots 2

Review 1

Test 1

Total 22 days
Unit 5

Topic Time Frame

Mathematical Physics

Vectors in the Plane 1.5




Conic Sections

Dot Products of Vectors 1.5
Three-Dimensional Cartesian Coordinate System and Vectors in Space 1
Quiz 1
Scalar Products and Projections 1
Planes in Space 1
Vector Product 1
Direction Angles and Direction Cosines 1
Vector Equations of Lines in Space 1
Review 1
Test 1
Total 12 days
Unit 6
Topic Time Frame

Conic Sections and Parabolas 1.5
Ellipses 1.5
Hyperbolas 1
Practice all Conic Sections 1

Quiz 1

Polar Equations of Conics 2
Review 1

Test 1

Total 10 days




Unit 7

Topic Time Frame

Discrete Mathematics

Basic Combinatorics 2

The Binomial theorem 2

Probability 2

Quiz 1

Sequences and Series 2

Mathematical Induction 2

Review 1

Test 1

Total 13 days
Unit 8

Topic Time Frame

Calculus- Limits and Rates of Change

The limit of a function 2
Calculating limits using limit laws 1
Limits at Infinity 1
The precise definition of a limit 2
Quiz 1

Continuity 1




Tangents, Velocities and Other Rates of Change 2

Review 1

Test 1

Total 12 days
Unit 9

Topic Time Frame

Calculus- Derivatives Rules Part 1

Definition of Derivatives 3

Graphing Derivatives 2

Quiz 1

Differentiability 1

Rates of Change in Natural and Social Sciences 2

Power Rule 2

Product/Quotient Rule 2

Derivatives of Exponential Functions 2

Review 1

Test 1

Total 17 days
Unit 10

Topic Time Frame

Calculus- Derivative Rules Part 11

The Chain Rule




Derivatives of Trigonometric Functions 2

Derivatives of Implicit Functions 2

Quiz 1

Inverse Trigonometric Functions 2

Quiz 1

Higher Derivatives 2

Inverse Function Derivatives 2

Log and Natural Log Derivatives 1

Logarithmic Derivatives 2

Review 1

Test 1

Total 19 days
Unit 11

Topic Time Frame

Calculus- Applications of the Derivative

Related Rates 4

Linear Approximation 2

The Mean Value Theorem 2

Curve Sketching 2

Quiz 1

Optimization 3

Quiz 1

Total 15 days




*Note: The timetable above includes plans for 164 school days. The remaining 16 days are for Pre-Assessment
(1 day), Midterm Review (3 days), Midterms Exams (4 days), Final Review (3 days), Final Exams (4 days) and
the last day of school (1 day)

Unit 1: Functions and Graphs
Big Ideas: Course Objectives / Content Statement(s)
e Understand and apply the concepts of a function and use function notation.
e Interpret functions that arise in applications in terms of context.
e Understand and analyze functions using different representations.

Essential Questions Enduring Understandings

e How are mathematical models | What will students understand about the big ideas?
used to study and predict Students will understand that...
real-world phenomena? e Numerical, algebraic, and graphical models

e Why is it important to each give insight into real-world problems
determine the domain and by providing different methods to visualize,
range for functions? analyze, and understand data. The students

e Why are piece-wise functions will develop the ability to switch from one
important to understand and kind of model to another.
apply? e The domain is the set of all inputs of a

function and the range is the set of all
outputs of a function. Identifying the domain
and range can help determine if a model for
a real-life situation is reasonable.

e Characteristics of different types of
functions show the behavior. These
characteristics will also show ways to make
projections and real-world determinations.

e Piece-wise functions may be the best way to
describe a multi-layered real-world
situation.




Areas of Focus: Proficiencies

(Cumulative Progress Indicators)
Students will:

(F-IF-1) Understand that a
function from one set (called
the domain) to another set
(called the range) assigns to
each element of the domain
exactly one element of the
range. If fis a function and x
is an element of its domain,
then f(x) denotes the output of
f corresponding to the input x.
The graph of fis the graph of
the equation y = f(x).

(F-IF-2) Use function
notation, evaluate functions
for inputs in their domains
and interpret statements that
use function notation in terms
of a context.

(F-IF-4) For a function that
models a relationship between
two quantities, interpret key
features of graphs tables in
terms of the quantities, and
sketch graphs showing key
features given a verbal
description of the relationship.
(F-IF-5) Relate the domain of
a function to its graph and
where applicable, to the
quantitative relationship it
describes.

(F-1IF-7) Graph functions
expressed symbolically and
show key features of the
graph, by hand in simple
cases and using technology
for more complicated cases.
(F-IF-8) Write a function
defined by an expression in

Examples, Outcomes, Assessments
Instructional Focus:
Solving simple equations
e Modeling and Equation Solving
e Functions and their properties
e Piecewise-Defined Functions

Sample Assessments:

1. A department store in New York City is having a
sale in which everything is discounted 25% off the
marked price. The discount is taken at the sales
counter and then state tax of 4% and a local sales
tac of 4.875% are added on. Suppose that after the
sale, the merchandise prices are increased by 25%.
If m represents the marked price before the sale,
find an algebraic model for the post-sale price,
including tax.

2. Determine the transformation for when is
3. Find the domain of each of these functions:
a.
b., Find the domain of .

4. The Ironman Triathlon is a race that consists of
three parts: a 2.4-mile swim followed by a 112-mile
bike race and then a 26.2-mile marathon. A
participant swims steadily at 2 mph, cycles steadily
at 20 mph, and then runs steadily at 9 mph.
Assuming that no time is lost during the transition
from one stage to the next, find a formula for the
distance d, covered in miles, as a function of the
elapsed time t in hours, from the beginning of the
race. Graph the function.

Instructional Strategies:
Interdisciplinary Connections
Technology Integration
e Use a graphing calculator to explore
multi-step problems. Introduce advanced
functions (grouping symbols and memory
functions).




different but equivalent forms
to reveal and explain different
properties of the function.
(FOIF-9) Compare properties
of two functions each
represented in a different way
(algebraically, graphically,
numerically, or by verbal
descriptions).

e Use of online applets
e Media Literacy
e (Global Perspectives

Big Ideas: Course Objectives / Content Statement(s)

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

e Build new functions from existing functions.

e Understand and apply combinations of functions.

Essential Questions

Why is it important to be able to
combine functions algebraically?

How does studying transformations help
when comparing functions?

What does it mean when functions are
composed of one another?

What are interpretations of functions and
their inverses?

Enduring Understandings

What will students understand about the
big ideas?

Students will understand that...

e Most functions encountered in
real-life can be created by
combining or modifying other
functions. Functions have their
own algebra based on the same
operations that are applied to real
numbers. One way to build new
functions is to apply those
operations and another way is by
function composition.

e How algebraic alterations change
the shapes, sizes, positions, and
orientations of graphs is helpful
for understanding the connection
between algebraic and graphical
models of functions, and for
comparing different graphical
models.

e How transformations can be
shown graphically and explained
when making real-world
connections.




e Inverse functions can be found
using the original function

Areas of Focus: Proficiencies

(Cumulative Progress Indicators)
Students will:

(F-BF-1) Write a function that describes
a relationship between two quantities
Determine an explicit expression a
recursive process or steps for calculation
from a context

Combine standard function types using
arithmetic operations

Compose functions

(F-BF-3) Identify the effect on the graph
of replacing f(x) by f(x) +k, kf(x), f(kx)
and f(x+k) for specific values of k both
positive and negative; find the value of k
given the graphs. Experiment with cases
and illustrate and explanation of the
effects on the graph using technology.
Include recognizing even and odd
functions from their graphs and algebraic
expressions for them.

(F-BF-4) Find an inverse function

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.

Verify by composition that one function
is the inverse of another

Read values of an inverse function from
a graph or a table given that the function
has an inverse

Produce an invertible function from a
non-invertible function by restricting the
domain..

Examples, Outcomes, Assessments
Instructional Focus:
Solving simple equations

e Combining Functions

e Function Composition

e Inverses

Sample Assessments:
1. Find functions f and g such that

2. If the function has the ordered pairs
(1,4), (2,4), (3,7) (5,1). Can you find the
values for an inverse for the table below?

X 0 1 2 3 4

3. The graph undergoes the following
transformations, in order:
a. A horizontal shift 2 units to the

right

b. A vertical stretch by a factor of
3

c. A vertical translation 5 units’
up

1) Find the equation of the
resulting graph.

2) Apply the transformations
above in the opposite order and find the
equation of the graph that results.

3) Compare the graphs from parts
aandb.

Instructional Strategies:
Interdisciplinary Connections
Technology Integration
e Use a graphing calculator to
explore multi-step problems.




Introduce advanced functions
(grouping symbols and memory
functions).

Use of online applets

Media Literacy

Global Perspectives

Unit 2: Modeling with Algebraic Functions
Big Ideas: Course Objectives / Content Statement(s)
e Construct and compare linear, power, polynomial, and rational models to solve problems.
Interpret expressions for functions in terms of situations they model.
Learn how to use various regressions to make predictions based on data.
Use functions to optimize different situations.

To understand how to apply the average rate of change.

Essential Questions Enduring Understandings

e What can be determined by constructing a What will students understand about the big ideas?
function from a graph, verbal description, or | Students will understand that...
data? e Using a function to model a variable with

e Why is it important to study polynomial, respect to another variable can allow one to
power, and rational functions? make predictions about future data.
What is the average rate of change? e These three families of functions are very
What is a visual representation of a limit commonly used in social, behavioral and
and what does it mean? natural sciences. The students will explore the

e (Can we use characteristics of functions to theory and applications of each specific
graph rational functions? function family.

e How can we use data to determine the type e Characteristics of specific functions can be used
of regression to model a real-world to for graphing.
situation? e What a limit means and how it can be applied

to visual representations of graphs.




Areas of Focus: Proficiencies

(Cumulative Progress Indicators)
Students will:

(F-LE-1) Distinguish between situations
that can be modeled with linear functions
and with exponential functions.

Prove that linear functions grow by equal
differences over equal intervals, and that
exponential functions grow by equal factors
over equal intervals.

Recognize situations in which one quantity
changes at a constant rate per unit interval
relative to another.

Recognize situations in which a quantity
grows of decays by a constant percent rate
per unit interval relative to another.
(F-LE-2) Construct linear and exponential
functions, including arithmetic and
geometric sequences, given a graph, a
description of a relationship, or two
input-output pairs.

(F-LE-3) Observe using graphs and tables
that a quantity increasing exponentially
eventually exceeds a quantity increasing
linearly, as a quadratic, or as a polynomial
function.

(F-LE-5) Interpret the parameters in a linear
or exponential function in terms of a context

Examples, Outcomes, Assessments
Instructional Focus:
Linear Functions
Power Functions
Polynomial Functions
Rational Functions
Rational Equations and Inequalities

Sample Assessments:
1. A paper company has been contracted to
manufacture a box with no top that is to be made by
removing squares of width x from the corners of a 30
in by 70 in piece of cardboard.

a) Find an equation that models the volume of
the box.

b) Determine x so that the box has a volume of
5800 in’.

2. Sketch the polynomial with the following
characteristics.
It is a 6™ degree polynomial with zeros
ofx=-3,2,5
The zero x = 2 has a multiplicity of 2

3.Solve the following:
a.
b.

4. Find possible rational zeros, Descartes chart, all real
zeros and graph.

Instructional Strategies:
Interdisciplinary Connections
Technology Integration
e Use a graphing calculator to explore multi-step
problems. Introduce advanced functions
(grouping symbols and memory functions).
e Use of online applets
e Media Literacy
e (Global Perspectives




Unit 3: Modeling with Transcendental Functions
Big Ideas: Course Objectives / Content Statement(s)

o Understand the relationship between exponents and logarithms and use it to solve problems.

e Apply regressions to logarithmic and exponential functions.

Essential Questions
e What types of real life situations
are modeled by exponential,
logistic, and logarithmic
functions?
e How do you use trigonometric
functions to solve real life

problems?

Enduring Understandings
What will students understand about the big ideas?
Students will understand that...

e Exponential functions model unrestricted growth and
decay over time, and logistic functions model restricted
growth.

e [ogarithmic functions are the inverse of exponential
functions




Areas of Focus: Proficiencies
(Cumulative Progress Indicators)
Students will:

e (F-IF-7) 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.

o (F-IF-8) Write a function defined
by an expression in different but
equivalent forms to reveal and
explain different properties of the
function.

e Use the properties of exponents to
interpret expressions for
exponential functions

e (F-BF-5) Understand the inverse
relationship between exponents
and logarithms and use this
relationship to solve problems
involving logarithms and
exponents

e (F-LE-4) For exponential models,
express as a logarithm the solution
to where a,c,and d are numbers
and the base bis 2, 10, or e;
evaluate the logarithm suing
technology.

Examples, Outcomes, Assessments

Instructional Focus:
Exponential and Logistic Functions
Solving Exponential and Logarithmic Equations
Applications of Logarithms and Exponents

Sample Assessments:

1. The population is increasing at a rate of 4% per year. There
are currently 10,000 people in the town.

a. Write a model for the population of the town as a
function of time t.

b. Lett=0 be 2010. In what year will the town’s
population be 16,0007

2. On a college campus of 7500 students, one student returned
from winter break with a contagious and long lasting virus. After
four days, 36 students were infected.

a. What kind of model will be appropriate for this
situation and why?

b. Write a model that will predict the number of students
infected after t days.

c. The college will cancel classes when 30% or more of
the students are infected. After how many days will the college
cancel classes?

3. On August 2, 1988, a US District Court judge imposed a fine
on the city of Yonkers, New York, for defying a federal court
order involving housing desegregation. The fine started at $100
for the first day and was to double daily until the city chose to
obey the court order.

a. What was the daily percent growth rate of the fine?

b. Find a formula for the fine as a function of t, the
numbers of days since August 2, 1988.

c. If Yonkers waited 30 days before obeying the court
order, what would the fine have been?

4. Solve:

Instructional Strategies:
Interdisciplinary Connections
Technology Integration




Use a graphing calculator to explore multi-step
problems. Introduce advanced functions (grouping
symbols and memory functions).

Use of online applets

Media Literacy

Global Perspectives

Unit 4: Analytic Trigonometry

Big Ideas: Course Objectives / Content Statement(s)
Extend the domain of trigonometric functions using the unit circle.

Prove and apply trigonometric identities.

Solve trigonometric equations.

Graphing all types of trigonometric functions.

Apply trigonometry to real-world applications

Understand the periodic nature of functions.

Essential Questions

How are trigonometric
identities helpful when
working with
trigonometric functions or
solving equations?

How much information is
needed to solve a triangle?
How can we use
trigonometry to solve
real-world situations, when
there are right triangles?
How can we use
trigonometry to solve
real-world situations, when
there are not right
triangles?

How are there connections
between the complex
numbers and
trigonometry?

Enduring Understandings

What will students understand about the big ideas?
Students will understand that...

The fundamental identities are used to simplify trigonometric
expressions and solve trigonometric equations that would
otherwise be difficult or impossible to solve without technology.
A triangle can always be solved if two angles and a side are
given, or if all three sides are given. If two sides and an angle are
given where the angle is located is very important. If the angle is
included between the two sides, then the triangle is uniquely
determined. If the angle is opposite one of the sides (SSA) then
there could be one, two, or zero triangles determined.
Trigonometric functions can be used to model periodic behavior,
such as average temperature over the course of one year.

Law of Sines and Cosines are useful tools for solving complex
situations.

How to convert rectangular equations to polar equations and the
reverse.

You can Graph and identify polar equations by using
characteristics.

Trigonometry can be used to simplify complex numbers.
Trigonometry can be used without right angles to solve
real-world situations.




e What is the connection
between rectangular and
polar coordinates/graphs?




Areas of Focus: Proficiencies

(Cumulative Progress

Indicators)
Students will:

(F-TF-4) Use the unit
circle to explain symmetry
and periodicity of
trigonometric functions
(F-TF-5) Choose
trigonometric functions to
model periodic phenomena
with specified amplitude,
frequency, and midline.
(F-TF-6) Understand that
restricting a trigonometric
function to a domain on
which it is always
increasing or always
decreasing allows its
inverse to be constructed.
(F-TF-7) Use inverse
functions to solve
trigonometric equations
that arise in modeling
contexts; evaluate the
solutions using technology
and interpret them in terms
of the context.

(F-TF-8) Prove the
Pythagorean identity and
use it to find sin(x), cos(x),
or tan(x) given sin(x);
cos(x), or tan(x) and the
quadrant of the angle.
(F-TF-9) Prove the
addition and subtraction
formulas for sine, cosine,
and tangent and use them
to solve problems.

Examples, Outcomes, Assessments
Instructional Focus:

Fundamental Identities

Graphs of Sine and Cosine

Other Trigonometric Functions
Inverse Trigonometric Functions
Applications of Trigonometric Functions
Proving Trigonometric Identities
Solving trigonometric Equations
Sum and Difference Identities
Multiple Angle Identities

Law of Sines

Law of Cosines

Polar Coordinates

Graphs of Polar Equations
DeMoivre’s Theorem and nth root

Sample Assessments:
1. Verify:

2. A US Coast Guard patrol boat leaves Port Cleveland and average 35
knots traveling for 2 hours on a course of 53° and then 3 hours on a

course of 143°. What is the boats bearing and distance from Port
Cleveland?

3. Graph the function:

4. A triangle ABC has sidesa=10and b=12

a. State the range of values of A such that there will be no
triangles.

b. What value for A will produce one right triangle?

c. There are still two possibilities left: one oblique triangle or
two triangles. Consider the case where A = 25. How mnay triangles will
result and why?

5. A 20-inch diameter tire on a truck makes 250 revolutions per minute.
a. Find the angular speed in radians per second

b. Find the linear speed in miles per hour




Instructional Strategies:
Interdisciplinary Connections
Technology Integration

Use a graphing calculator to explore multi-step
problems. Introduce advanced functions (grouping symbols and
memory functions).

Use of online applets
Media Literacy
Global Perspectives

Unit 5: Mathematical Physics

Big Ideas: Course Objectives / Content Statement(s)
e Represent and Model with Vector Quantities.

e Perform operations on Vectors.

e Perform vector operations with equations in space.

Essential Questions

What provocative questions will foster
inquiry, understanding, and transfer of
learning?

e What is a vector?

e How are vectors and vector
operations used to represent
quantities in real life?

e How can we translate vectors to
be applied to three-dimensional
analysis?

e What is the applicable relevance
of unit vectors?

Enduring Understandings
What will students understand about the big ideas?
Students will understand that...

e The students will learn that a vector is used to represent
quantities that involve both magnitude and direction. The
students will understand how vectors are used to model
real life situations, especially in physics problems
involving finding force on an inclined ramp or a wind
adjusted bearing in airplane navigation.

e Students will be able to apply vector operations of
addition, multiplication, scalar multiplication, dot product.
They will be able to identify which operation to use in real
life situations.

e Projections of vectors can be used when finding force
required or work done to different objects.

e The students will be able to graph vectors in the third
dimension in the first octant.




e Displacement vectors can be used in a variety of
real-world situations.

e The students will be able to understand the difference
between dot and cross products.

Areas of Focus: Proficiencies
(Cumulative Progress Indicators)
Students will:

e (N-VM-1) Recognize vector
quantities as having both
magnitude and direction.
Represent vector quantities by
directed line segments and use
appropriate symbols for vectors
and their magnitudes.

e (N-VM-2) Find the components
of a vector by subtracting the
coordinates of an initial point
from the coordinates of a
terminal point.

e (N-VM-3) Solve problems
involving velocity and other
quantities that can be represented

by vectors

e (N-VM-4) Add and subtract
vectors

e (N-VM-5) Multiply a vector by a
scalar

Examples, Outcomes, Assessments
Instructional Focus:

e Vectors in the Plane

Scalar Product and Projections

Three-Dimensional Cartesian Coordinate System and
Vectors in Space

Planes

Vector Product

Parametric Equations and Motions

Polar Equations of Conics
Sample Assessments:

1. Write the vector equation of the line through the points
(3,-2,1) and (7,0,5)

2. Find the projection of

3. Connor is flying a plane and is leaving San Francisco and
flying a Boeing 727 due east. There is a 65-mph wind with the
bearing of 60. Find the compass heading Connor should follow
and determine what the airplane's ground speed will be. We can
assume that the speed with no wind is 450 mph.

4. Find the equation of the plane that passes through the points
P(1,2,-3) Q(2,3,1) and R(0,-2,-1).

Instructional Strategies:
Interdisciplinary Connections
e Students will discuss how vectors are used in physics
through many different applications involving velocity
force tension and work problems. The students will also
discuss the use of vectors in revenue problems and
navigation problems.




Technology Integration

e Using graphing calculators and Desmos to provide a
visual representation of the linear functions.

Unit 6: Conic Sections

Big Ideas: Course Objectives / Content Statement(s)

To graphically represent all types of conic sections.
To identify the type of conic section based on characteristics.

To apply conic sections to science, architecture, medicine, astronomy, etc.

To connect conic sections and polar coordinates

Essential Questions
What provocative questions will foster inquiry, understanding, and

Enduring Understandings
What will students understand about the

transfer of learning? big ideas?
e How do you graph Circles, Parabolas, Ellipses, and Students will understand that...
Hyperbolas? e By understanding the
e How can we use characteristics of conic sections to identify characteristics of different conic
the type? sections, they will be able to
e How can we make connections to conic sections and polar identify and use the conic

coordinates?

sections for application
purposes.

How eccentricity gives a lot of
information about how the conic
section will behave.

You can go from rectangular to
polar form for conic sections by
using focus points.




Areas of Focus: Proficiencies
(Cumulative Progress Indicators)
Students will:

(G-GPE-1) Derive the equation of a circle of given
center and radius using the Pythagorean Theorem;
complete the square to find the center and radius of a circle
given by an equation.

(G-GPE-2) Derive the equation of a parabola given
a focus and directrix.

(G-GPE-3) (+) Derive the equations of ellipses and
hyperbolas given the foci, using the fact that the sum or
difference of distances from the foci is constant.

(N-CN-1) (+) Represent complex numbers on the
complex plane in rectangular and polar form (including
real and imaginary numbers), and explain why the
rectangular and polar forms of a given complex number
represent the same number.

Examples, Outcomes, Assessments

Instructional Focus:
Conic Sections
Derivations
Parabolas using a
directrix and a focus
Ellipses
Hyperbolas
Conic Section
Connections to Polar Form
Sample Assessments:

1. Find the focus of a parabola and
graph:

2. Find the center, vertices, and foci for

3. Find the center, vertices, foci, and
asymptotes for

4. Analyze the conic section given by
the equation . Include in the analysis the
values of e, a, b, and c¢. Then find the
Cartesian equation.

Instructional Strategies:
Interdisciplinary Connections
Technology Integration
e Use a graphing calculator to
explore multi-step problems.
Introduce advanced functions
(grouping symbols and memory
functions).
e Use of online applets
e Media Literacy
e Global Perspectives

Unit 7: Discrete Mathematics

Big Ideas: Course Objectives / Content Statement(s)
e To analyze sequences and series.




e Expand binomials by using the Binomial Theorem.

e To count possible outcomes.

e To determine the probabilities of multiple events.

Essential Questions

What provocative questions will foster inquiry,

understanding, and transfer of learning?

How do you find the nth term or partial sum of an
arithmetic sequence?

How do you find terms and sums of geometric
sequences?

What patterns can you observe in the expansion of a
binomial (x +y)?

How does probability have a role in your life?
How can we use mathematical induction to prove
complex mathematical statements?

How can we use probability to make predictions
given certain conditions?

Enduring Understandings

What will students understand about the big
ideas?

Students will understand that...

e Students will study, list, formula, and
recursive formula representations of
arithmetic sequences.

e How the formulas for finding nth
terms and sums of geometric
sequences and series are derived, and
be able to use them to solve problems.

e The students will understand the
connection between a binomial
expansion and Pascal’s Triangle. They
will learn the formula for binomial
coefficients.

e Finding the probability of an event or
series of events occurs in everyday
life. The students will learn how to
identify outcomes and analyze
situations involving independent,
mutually exclusive, and
complementary events.

e Students can use induction to prove
mathematical statements.

e Fundamental counting principals can
be used in everyday life.




Areas of Focus: Proficiencies

(Cumulative Progress Indicators)
Students will:

(A-SSE-4) Derive the formula for the sum of a finite
geometric series when the common ration is not 1
and use the formula to solve problems. For example,
calculate mortgage payments. and exponential
models and solve problems

(A-APR-5) Know and apply the Binomial theorem
for the expansion of in powers of x and y for a
positive integer n, where x and y are any numbers,
with coefficients determined for example by Pascal’s
Triangle.

(S-CP-1) Describe events as subsets of a sample
space (the set of outcomes) using characteristics of
outcomes, Or as unions, intersections, or
complements of other events.

(S-CP-2) Understand that two events A and B are
independent if the probability of A and B occurring
together is the product of their probabilities and use
this characterization to determine if they are
independent.

(S-CP-3) Understand the conditional probability of A
given B as P(A and BB)/P(B) and interpret
independence of A and B as saying that the
conditional probability of A given B is the same as
the probability of A and the conditional probability
of B given A is the same as the probability of B.
(S-CP-9) Use permutations and combinations to
compute probabilities of compound events and solve
problems.

Examples, Outcomes, Assessments

Instructional Focus:

e Arithmetic sequences and partial sums
Geometric sequences and series
Finding binomial coefficients
Expanding binomial expressions
Finding the probability of an event
Mutually exclusive events
Independent events

The complement of an event
Sample Assessments:

1. For each of the following arithmetic
sequences, find a) the common difference b)
the tenth term, c) a recursive rule for the nth
term and d) an explicit rule for the nth term

1)-6,-2,2,6,10, ...
2)In3,In6,In 12, 1n 24, ....

2. For each of the following geometric
sequences, find a) the common ratio, b) the
tenth term, c¢) a recursive rule for the nth time
d) an explicit rule for the nth term.
1)3,6,12,24,48

2) 10, 10, 10, 10, 10

3. Find the coefficient of in the expansion of
(x+2

4. Expand and simplify

5. In a large high school 54% of the students
are girls and 62% of the students play sports.
Half of the girls at the school play sports.

a. What percentage of the students
who play sports are boys?

b. If a student is chosen at random,
what is the probability that it is a boy who
does not play sports?




6. We roll a fair die four times. Find the
probability that we roll:

a.all 3's

b. no 3's

c. exactly two 3's

7. A corner section of a stadium has 8 seats
along the front row. Each successive row has
two more seats than the row preceding it. If
the top row has 24 seats, how many seats are
in the entire section?

8. Prove that 1 + 3+ 5 +...+ (2n-1) =n is true
for all positive integers n.

Instructional Strategies:
Interdisciplinary Connections
Technology Integration
e Use a graphing calculator to explore
multi-step problems. Introduce
advanced functions (grouping symbols
and memory functions).
e Use of online applets
e Media Literacy
e (Global Perspectives

Unit 8: Limits and Rates of Change

Big Ideas: Course Objectives / Content Statement(s)

Evaluate Limits of Functions.

Determine the Continuity of a Function.

Use algebraic methods to determine the limit of a function.
Understand how to analyze the right and left limits of a function.




Essential Questions

What provocative questions
will foster inquiry,
understanding, and transfer
of learning?

e What is a limit?

e What does it mean
for a function to be
continuous?

e What does it mean
visually to have a
right and left limit?

e What algebraic
techniques can be
used when
evaluating limits?

e How can we use the
squeeze theorem to
evaluate limits?

e What is the
intermediate value
theorem?

Enduring Understandings
What will students understand about the big ideas?
Students will understand that...

The students will estimate the limit of a function as x
approaches a certain value c using a graph or table. They will
identify limits that do not exist. They will recognize basic limits
that can be evaluated by direct substitution.

The students will learn the dividing out and rationalizing
techniques for evaluating limits. They will also be able to use a
graphing utility to approximate the limit of a function.

Limits can be used to differentiate between a variety of
discontinuities over a functions domain, as well as to describe the
end behavior of a function.

By using different algebraic techniques, limits can be
evaluated.

When working with a function that is bounded, sometimes the
squeeze theorem is an appropriate way to evaluate a limit.

Intermediate value theorem is an approximation technique that
can easily be used when applying limits.




Areas of Focus:
Proficiencies
(Cumulative Progress
Indicators)

Students will:

Examples, Outcomes, Assessments
Instructional Focus:
e The tangent and velocity problems
e (alculating limits using limit laws
e Continuity
e Limits at infinity

Sample Assessments:

5. State the intervals on which 1is continuous.

6. Find the value of b that makes f(x) continuous on ( -

Instructional Strategies:
Interdisciplinary Connections
e Application to business and economics involving average cost
functions are used as example of discontinuity.

Technology Integration
e Use a graphing calculator

Unit 9: Derivatives Part I

Big Ideas: Course Objectives / Content Statement(s)
e Understand the meaning of the derivative in terms of rate of change.

e Compute derivatives of functions efficiently.




Essential Questions | Enduring Understandings

What provocative What will students understand about the big ideas?
questions will foster Students will understand that...
inquiry, e The average rate of change of a function is the slope of the line through the
understanding, and intervals endpoints called the difference quotient. In order to compute an
transfer of learning? instantaneous rate of change, students must take the limit as the size of the
e What is the interval approaches zero at the point of interest. The geometric interpretation
difference of the average rate of change is a secant line and of the instantaneous rate of
between an change is a tangent line.
average and e Rules such as the power, product, and quotient can make the computation of
instantaneous the derivative more efficient.
rate of change, e Derivatives can be used to make predictions in economics, health and
and how can medicine, business, etc.
they be
computed?

e What is the
definition of a
derivative?

e How can
derivatives be
computed
more
efficiently?

e How can we
apply
derivatives to
real world
application?




Areas of Focus:
Proficiencies
(Cumulative
Progress Indicators)
Students will:

(Enter NJCCCS or
Common Core CPI’s
here)

Examples, Outcomes, Assessments

Instructional Focus:
e The Definition of Derivative
Finding Equations of Tangent Lines
Graphing Derivatives
Differentiability
Rates of Change in Natural and Social Sciences
Power Rule
Product Rule
Quotient Rule
Derivatives of Exponential Functions

Sample Assessments:

1. Find the equation of the line tangent to at by using the definition of the
derivative.

2. Find the derivative for

3. Let N = g(t) be the estimated number of alternative fueled vehicles in use in the
US, in thousands, where t is the number of years since 1995. Explain the meaning of
the statements:

a. g'(6) =38
b. (696)=12
c. ()'(696)=0.0145

4. Find the derivative
5. Find the derivative

6. The position of a particle is given by the equation

a. Find the velocity at time t.

b. When is the particle at rest?

c. When is the particle moving in a positive direction? When is the particle
moving in a negative direction?

d. Find the total distance traveled by the particle in the first 5 seconds.

Instructional Strategies:
Interdisciplinary Connections




e Applications to science, business, and economics involving instantaneous
rates of change are used to motivate and supplement lessons.

Technology Integration
e The graphing calculator and web-based applets will be used to quickly
generate the graphs of functions and to determine the derivative values, the
derivative function, and the graph of the derivatives.

Unit 10: Derivatives Part 11

Big Ideas: Course Objectives / Content Statement(s)
e Understand how to find derivatives of various types of functions.

e Understand how to find derivatives of inverses

e Apply approximations and L’Hopitals Rule

Essential Questions

What provocative questions will

foster inquiry, understanding, and

transfer of learning?

What does it mean to apply
the derivative to an inverse
function?

How can we use derivatives
to approximate values?
How can we find derivatives
to composition functions?
How can we simplify
complex functions when
finding derivatives?

What are some applications to
finding the derivatives of
trigonometric and inverse
trigonometric functions?

Enduring Understandings
What will students understand about the big ideas?
Students will understand that...

® You can apply derivatives to exponential and logarithmic
functions.

e Derivatives of inverse functions can be derived using the
original functions.

e Derivatives can be used to approximate the values of
functions.

e When finding derivatives of complex functions, you can use
logarithms to simplify the process.

e Discovering derivatives to trigonometric and inverse
trigonometric functions can be done geometrically, implicitly,
etc. They will understand that there are multiple approaches to
finding derivatives.




Areas of Focus: Proficiencies
(Cumulative Progress Indicators)
Students will:

Examples, Outcomes, Assessments

Instructional Focus:

e The Chain Rule
Derivatives of Trigonometric Functions
Derivatives of Implicit Functions
Inverse Trigonometric Functions
Higher Derivatives
Inverse Function Derivatives
Log and Natural Log Derivatives

Logarithmic Derivatives

Sample Assessments:

X F(x) F “(x) G(x) G ‘(x)
1 5 2 4 6
5 9 3 -1 -4
a.thenrt' (1)=
b. F(x))/(G(x)) then H' (1)=
then H' (1) =
d. then
2. Find for
3.
4. Find for
5. Find for
6. Find for

Instructional Strategies:
Interdisciplinary Connections

e Applications to science, business, and economics involving

instantaneous rates of change are used to motivate and

supplement lessons.

Technology Integration




e The graphing calculator and web-based applets will be used to
quickly generate the graphs of functions and to determine the
derivative values, the derivative function, and the graph of the
derivatives.

Unit 11: Applications of the Derivative
Big Ideas: Course Objectives / Content Statement(s)
e Understand that the derivative function can solve problems involving function behavior, rates of change,
and optimization.
Understand that when one rate is altered, others rates will also change.
Apply derivatives to approximating values of complex functions.
Understand that there may be a value where the instantaneous velocity is equal to the average velocity.

Apply the first and second derivative tests to sketching complex functions.

Essential Questions Enduring Understandings
What provocative questions will | What will students understand about the big ideas?
foster inquiry, understanding, Students will understand that...
and transfer of learning? e The Mean Value Theorem is an important result of differentiable
e How can the Mean functions and is used to justify many mathematical principals, such
Value Theorem help as the Fundamental Theorem of Calculus.
justify previous e Functions that model real world quantities can be optimized by
understandings in math using the function’s derivative to uncover critical points.
and science? e When there is a rate of change within a real-world situation, there
e How can derivatives are other factors at play that will be impacted.
help solve problems of e Derivatives can be used to make approximations to complex
efficiency and functions.
optimization?

e How can one rate
impact another?

e How can we use
derivatives to sketch
complex functions?




Areas of Focus: Proficiencies
(Cumulative Progress
Indicators)

Students will:

(Enter NJCCCS or Common
Core CPI'’s here)

Examples, Outcomes, Assessments

Instructional Focus:
Related Rates
Linear Approximation
The Mean Value Theorem
Curve Sketching
Optimization

Sample Assessments:

1. A water tank has a shape of an inverted circular cone with a base radius
of 3 ft. and height of 6 ft. If water is being pumped into the tank at 4
ft*/min, find the rate at which the water level if rising when the water is 2
feet deep.

2. Find the linear approximation of sin (30.1°)

3. Find the intervals in which the function is increasing and decreasing.
fx)=x'-x+1

4. The top and bottom margins of a poster are each 6 cm and the side
margins are each 4cm. If the area of printed material on the poster is fixed
at 384 cm?, find the dimensions of the poster with the smallest area.

Instructional Strategies:
Interdisciplinary Connections
e Applications to science, business, and economics involving
instantaneous rates of change are used to motivate and supplement
lessons.

Technology Integration
e The graphing calculator and web-based applets will be used to
quickly generate the graphs of functions and to determine the
derivative values, the derivative function, and the graph of the
derivatives.




Supports for English Language Learners

Sensory Supports

Graphic Supports

Interactive Supports

Real life objects

Charts

In pairs or partners

Manipulatives Graphic Organizers In triads or small groups
Pictures Tables In a whole group
Illustrations, diagrams & drawings Graphs Using cooperative group
Magazines & Newspapers Timelines Structures

Physical activities

Number lines

With the Internet / Software

Videos & Film In the home language
Broadcasts With mentors
Models & Figures
Intervention Strategies
Accommodations Interventions Modifications

Allow for verbal responses

Multi-sensory techniques

Modified tasks/expectations

Repeat/confirm directions

Increase task structure (e.g. directions, checks for
understanding, feedback

Differentiated materials

Permit response provided via
computer or electronic device

Increase opportunities to engage in active academic
responding

Individualized assessment
tools based on student need

Audio Books

Utilize pre reading strategies and activities
previews, anticipatory guides, and semantic mapping

Modified assessment grading

Texts and Resources: Connally, Hugh-Hallett, Gleason, and others. Functional Modeling Change: A Preparation

for Calculus. New York, John Wiley & Sons, Inc., 2000. Stewart, James. Single Variable Calculus, Early
Transcendentals, Third Edition. Pacific Grove, CA, Brooks/Cole Publishing Company, 1995. Demana, Waits,
and Clemens. Precalculus Mathematics: A Graphing Approach, Third Edition. Reading, MA, Addison-Wesley

Publishing Company, 1994.

Calculus: Single Variable, 6™ Edition. Deborah Hughes-Hallett, William G. McCallum, Andrew M. Gleason.
Wiley Global Education, US. 2013.



Curricular Addendum

Career-Ready Practices

CRP1. Act as a responsible and contributing citizen
and employee.

CRP2: Apply appropriate academic and technical
skills.

CRP3: Attend to personal health and financial
well-being.

CRP4: Communicate clearly and effectively and with
reason.

CRPs5: Consider the environmental, social and
economic impacts of decisions.

CRP6: Demonstrate creativity and innovation.
CRP7: Employ valid and reliable research strategies.
CRP8: Utilize critical thinking to make sense of
problems and persevere in solving them.

CRP9: Model integrity, ethical leadership and
effective management.

CRP10: Plan education and career paths aligned to
personal goals.

CRP11.. Use technology to enhance productivity.
CRP12: Work productively in teams while using
cultural global competence.

Interdisciplinary Connections
e Close Reading of works of art, music lyrics,
videos, and advertisements

e Use Standards for Mathematical Practice and

Cross-Cutting Concepts in science to support

debate/inquiry across thinking processes

Technology Integration

Ongoing:

e |isten to books on CDs, Playaways, videos, or
podcasts if available.
e Use document camera or overhead projector for
shared reading of texts.

Other:

e Use Microsoft Word, Inspiration, or SmartBoard
Notebook software to write the words from their
word sorts.

e Use available technology to create concept
maps of unit learning.

Instructional Strategies:
Supports for English Language Learners:

Sensory Supports Graphic Supports Interactive Supports

Reallife objects (realia) Charts In pairs or partners

Manipulatives Graphic organizers In triads or small groups

Pictures & photographs Tables In a whole group

Hlustrations, diagrams, & drawings Graphs Using cooperative group

Magazines & newspapers Timelines structures

With the Internet (websites) or
software programs

Physical activities Number lines

Videos & films

In the home language
Broadcasts gueg
With mentors
Models & figures

from https.//wida.wisc.edu

Media Literacy Integration
e Use multiple forms of print media (including
books, illustrations/photographs/artwork, video
clips, commercials, podcasts, audiobooks,
Playaways, newspapers, magazines) to practice
reading and comprehension skills.

Global Perspectives
e The Global Learning Resource Library

Differentiation Strategies:

for understanding,
feedback)

Accommodations Interventions Modifications
Allow for verbal Multi-sensory Modified tasks/
responses techniques expectations
Repeat/confirm Increase task structure | Differentiated
directions (e.g., directions, checks | materials

Permit response
provided via computer
or electronic device

Increase opportunities
to engage in active
academic responding
(e.g., writing, reading
aloud, answering
questions in class)

Individualized
assessment tools
based on student
need

Audio Books

Utilize prereading
strategies and

Modified assessment
grading



https://www.google.com/search?q=standards+for+mathematical+practice&safe=active&source=lnms&tbm=isch&sa=X&ved=0ahUKEwioyYblvuLaAhXoSt8KHfjRDaAQ_AUICigB&biw=1440&bih=826#imgrc=cYtjLR-CYJNstM:
http://ngss.nsta.org/CrosscuttingConceptsFull.aspx
https://wida.wisc.edu/
http://globallearning.ascd.org/lp/editions/global-continuum/resources.html

activities: previews,
anticipatory guides,
and semantic mapping




