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COURSE DESCRIPTION: 
 
Precalculus is the study of discrete topics in advanced algebra and trigonometry. Students 
will investigate theoretical, numerical, graphical, and spatial topics upon which to build 
their study of advanced mathematics. Precalculus provides the background for 
mathematical concepts, problems, issues, and techniques that appear in the study of 
calculus, including but not limited to: functions, trigonometry, vectors, parametric 
equations, polar coordinates, complex numbers, conic sections, exponential functions, and 
logarithmic functions. The use of technology is infused in this course to gather, analyze, and 
communicate mathematical information. 
 
 
Table of Contents: 
 
Unit 1: Functions from a Calculus Perspective 

Unit 2: Trigonometric Functions 

Unit 3: Analytic Trigonometry 

Unit 4: Vectors and Parametric Equations 
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Unit 7: Sequences and Series 
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Course Title: Precalculus 

Unit Title:  Functions from a Calculus 
Perspective 
 

Unit Number: 1   
 

Curriculum Writers:  Jessica Rista, John Storm, Terence Ward 
 

Desired Outcomes 

Established Goals:  NJSLS  
 

 Build a function that models a relationship between two quantities (F.BF.1c). 

 Find inverse functions (F.BF.4b). 
 

Enduring Understandings: 
 

● Mathematics is a language consisting 
of symbols and rules. 

● There is more than one way to 
represent expressions. 

● Characteristic of functions can be 
used to model real life situations. 
 

Essential Questions: 
 

 How can mathematical ideas be 
represented? 

 How are symbols useful in mathematics? 

 Based on a given function, how can the 
characteristics of the graph of the function 
be determined? 

 What characteristics of functions can help 
you analyze real world situations? 

Students will know:   
 

● A graph conveys information about the function or relation it represents.  Important 
characteristics of a graph include the following: domain, range, y-intercept, zeros, even and 
odd functions, line and point symmetry. 

● The limit of a function is the y-value that is approached from the left and from the right of a 
specific x-value.  Limits give information about continuity.  Different types of discontinuity 
include: infinite, jump, removable. 

● Graphs provide a quick way to understand the relationship between different variables.  
This includes finding the maxima and minima.  These are the points where the relationship 
between the variables changes from increasing to decreasing or vice versa. 

● The average rate of change between any two points on a graph is the slope of the line 
through those points. 

● The difference between an even and odd function  
● The end behavior of functions 
● Behaviors of graphs can reveal various patterns. 
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● Key vocabulary: zeros, roots, line symmetry, point symmetry, even function, odd function, 
continuous, limit, discontinuous, infinite, jump, point, removable discontinuity, 
nonremovable discontinuity, end behavior, increasing, decreasing, constant, maximum, 
minimum, extrema, average rate of change, secant line, zeros, asymptote, polynomial, 
leading coefficient, root, imaginary number, complex numbers, rational equation, rational 
inequality, radical equations, extraneous solutions, radical inequalities 
 

Students will be able to: 
 

 Identify even and odd functions. 

 Use limits to determine the continuity of a function. 

 Use limits to describe the end behavior of functions. 

 Find intervals on which functions are increasing, constant, or decreasing. 

 Determine the average rate of change of a function. 

 Graph rational functions and determine vertical, horizontal, and slant asymptotes. 

 Determine roots of polynomial equations. 

 Solve rational and radical equations and inequalities. 
 

Assessment Evidence 

Performance Tasks: 
 

 Have students choose a function that 
interests them.  For example, 
students interested in music might 
find statistics on time between their 
favorite band’s record releases and 
the number of records sold.  Once 
students have decided which function 
to explore, have them collect data to 
write a function rule.  Have students 
graph the function and specify the 
domain, range, extrema, y-intercepts, 
and zeros.  In each case, have 
students write about the practical 
implications of these values. 
 
 
 

Other Evidence: 
 

● Tests  
● Quizzes 
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Learning Plan 

Learning Activities: 
 

● Unit length: 11 days including review and assessment 
● Starter exercises 
● Guided notes as necessary 
● Formative assessments (QR codes, scavenger hunt, interactive exercises, exit ticket, etc.) 
● Textbook: Holliday, Cuevas, McClure, Carter, and Marks. Advanced Mathematical 

Concepts. Glencoe, 2001 & 2006 
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Course Title: Precalculus 

Unit Title: Trigonometric Functions 
 

Unit Number: 2 
 

Curriculum Writers: Jessica Rista, John Storm, Terence Ward 
 

Desired Outcomes 

Established Goals:  NJSLS  
 

 Define trigonometric ratios and solve problems involving right triangles (G.SRT.6, 
G.SRT.7, G.SRT.8). 

 Apply trigonometry to general triangles (G.SRT.10, G.SRT.11). 
 Extend the domain of trigonometric functions using the unit circle (F.TF.3, F.TF.4). 
 Model periodic phenomena with trigonometric functions (F.TF.6, F.TF.7). 

 
Enduring Understandings: 

 

 Given 3 parts of any type of triangle you can 
find side lengths and angle measurements  

 There are multiple ways to measure the 
various aspects of the Unit Circle 

 Periodic phenomena can be represented by 
trigonometric functions 

 Different trigonometric function have 
different characteristics 
 

Essential Questions: 
 

 Why is it necessary to have multiple 
ways to solve triangles? 

 How can periodic phenomena be 
represented using trigonometric 
functions? 

 What are the characteristics of 
trigonometric functions? 

 What role does critical vocabulary 
play in understanding trigonometric 
functions? 

 What are radians and how can we 
use them to describe the 
measurement of an angle? 

 How can you use right triangles and 
the unit circle to find the 
trigonometric ratios of special 
angles? 

 How do the transformations and 
characteristics of trigonometric 
functions affect their graphs? 
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Students will know: 
 

 The relationship between arc length and the measure of the angle in radians trigonometric 
values are ratios, that are constant regardless of the size of the triangle. 

 The period of a trigonometric function can represent different real life situations. 

 The general shape of all six trigonometric functions. 

 The correct terms and usage for all six trigonometric functions. 

 Key vocabulary: trigonometric functions, sine, cosine, tangent, cosecant, secant, cotangent, 
reciprocal function, inverse sine, inverse cosine, inverse tangent, radian, coterminal angles, 
reference angle, unit circle, circular function, period, sinusoid, amplitude, frequency, phase 
shift, Law of Sines, Law of Cosines 
 

Students will be able to: 
 
Trigonometric Functions 

● Convert decimal degree measures to degrees, minutes, and seconds and vice versa. 
● Find the number of degrees in a given number of rotations. 
● Identify angles that are coterminal with a given angle. 
● Find the values of trigonometric ratios for acute angles of right triangles. 
● Find the values of six trigonometric functions using the unit circle. 
● Find the values of six trigonometric functions of an angle in standard position given a point 

on its terminal side. 
● Use trigonometry to find the measures of the sides of right triangles. 
● Evaluate inverse trigonometric functions. 
● Find missing angle measurements 
● Solve right triangles 
● Solve triangles by using the Law of Sines if the measures of two angles and a side are given. 
● Find the area of a triangle if the measures of two sides and the included angle or the 

measures of two angles and a side are given. 
● Determine whether a triangle has zero, one, or two solutions. 
● Solve triangles using the Law of Sines. 
● Solve triangles using the Law of Cosines. 
● Find the area of triangles if the measure of the three sides are given. 

Graphs of Trigonometric Functions 

 Changes from radian measure to degree measure, and vice versa. 
● Find the length of an arc given the measure of the central angle. 
● Find the area of a sector. 
● Find linear and angular velocity. 
● Use the graphs of the sine and cosine functions. 
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● Find the amplitude and period for sine and cosine functions. 
● Write equations of sine and cosine functions given the amplitude and period. 
● Find the phase shift and the vertical translation for sine and cosine functions. 
● Write the equations of sine and cosine functions given the amplitude, period, phase shift, 

and vertical translation. 
● Sketch compound functions (example:          . 
● Create a sine or cosine function that models real-world data.   
● Use sinusoidal functions to solve problems. 
● Graph and write equations for tangent, cotangent, secant, and cosecant functions. 
 

Assessment Evidence 

Performance Tasks: 
 

 Sinusoidal Functions Project:  You have been 
asked by a major publishing company to 
write a book that connects graphs of 
trigonometric functions to sound or circular 
movement applications.  Your publicist wants 
you to create an advertisement for your 
book’s upcoming date.  Create a professional 
and intriguing advertisement that will please 
your publicist and generate interest for your 
book by showcasing the trigonometric 
graphing connection to your topic. 

 Math Assessment Project: Representing 
Trigonometric Functions 
 

Other Evidence: 
 

● Tests  
● Quizzes 

Learning Plan 

Learning Activities: 
 

● Unit length:  17 days including review and assessments 
● Starter exercises 
● Guided notes as necessary 
● In class activities (QR codes, scavenger hunt, interactive exercises, exit ticket, etc.) 
● Textbook: Holliday, Cuevas, McClure, Carter, and Marks. Advanced Mathematical 

Concepts. Glencoe, 2001 & 2006 
 

 

http://map.mathshell.org/download.php?fileid=1738
http://map.mathshell.org/download.php?fileid=1738
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Course Title: Precalculus 

Unit Title: Analytic Trigonometry 
 

Unit Number: 3 
 

Curriculum Writers: Jessica Rista, John Storm, Terence Ward 
 

Desired Outcomes 

Established Goals:  NJSLS  
 

 Prove and apply trigonometric identities (F.TF.8, F.TF.9). 

Enduring Understandings: 
 

 Trigonometric identities can be used to 
identify non special angles 

 There is more than one way to prove a trig 
identity 
 

Essential Questions: 
 

 What is an identity? 
 How can trigonometric identities 

be used to solve trigonometric 
equations? 

 Why is there more than one way 
to prove a trig identity? 
 

Students will know: 
 

 The sum, difference, half angle and double angle formulas 
 The Pythagorean, reciprocal, symmetry, and quotient identities 
 The formulas for the Law of Sines and Law of Cosines 
 Key vocabulary: trigonometric identity, reciprocal identity, quotient identity, 

Pythagorean identity, cofunction, verify an identity, sum identity, double angle identity, 
half-angle identity 

 
Students will be able to: 
 

● Identify and use reciprocal identities, quotient identities, Pythagorean identities, 
symmetry identities, and opposite-angle identities. 

● Use the basic trigonometric identities to verify other identities. 
● Find numerical values of trigonometric functions. 
● Use the sum and difference identities for the sine, cosine, and tangent functions. 
● Use the double- and half-angle identities for the sine, cosine, and tangent functions. 

 

Assessment Evidence 
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Performance Tasks: 
 

 Proving Trigonometric Identities:  
Complete the Proof 

 Electricity  A current in a wire in a 
magnetic field causes a force to act on the 
wire.  The strength of the magnetic field 
can be determined using the formula 

  
     

  
, where F is the force on the wire, 

I is the current in the wire, l is the length of 
the wire, and   is the angle the wire makes 
with the magnetic field.  Some physics 
books give the formula          .  Show 
that the two formulas are equivalent. 

 In this problem, you will investigate 
methods used to solve trigonometric 
equations.  Consider 1=2 sin x. 
a) Numerical  Isolate the trigonometric 

function in the equation so that sin x is 
the only expression on one side of the 
equation. 

b) Graphical  Graph the left and right sides 
of the equation you found in part a on 
the same graph over       .  Locate any 
points of intersection and express the 
values in terms of radians. 

c) Geometric  Use the unit circle to verify 
the answers you found in part b. 

d) Graphical   Graph the left and right sides 
of the equation you found in part a on 
the same graph over         .  
Locate any points of intersection and 
express the values in terms of radians. 

e) Verbal  Make a conjecture as to the 
solutions of 1=2 sin x.  Explain your 
reasoning. 

 
 
 
 

Other Evidence: 
 

● Tests  
● Quizzes 

https://drive.google.com/open?id=0B6-4tIwbcchOeVRTUUVPY19INjA
https://drive.google.com/open?id=0B6-4tIwbcchOeVRTUUVPY19INjA
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Learning Plan 

Learning Activities: 
 

 Unit length:  7 days including review and assessments 
 Starter exercises 
 Guided notes as necessary 
 In class activities (QR codes, scavenger hunt, interactive exercises, exit ticket, etc.) 
● Textbook:  Holliday, Cuevas, McClure, Carter, and Marks. Advanced Mathematical 

Concepts. Glencoe, 2001 & 2006 
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Course Title: Precalculus 

Unit Title: Vectors and Parametric Equations 
 

Unit Number: 4 
 

Curriculum Writers:  Jessica Rista, John Storm, Terence Ward 
 

Desired Outcomes 

Established Goals:  NJSLS  
 

 Represent and model with vector quantities (N.VM.1, N.NM.2, N.VM.3). 
 Perform operations on vectors (N.VM.4a, N.VM.4b, N.VM.4c, N.VM.5A, N.VM.5b). 

 

Enduring Understandings: 
 

 Vectors can be used to model real world 
applications involving quantity and 
direction. 

 

Essential Questions: 
 

 How can you represent physical 
quantities that you cannot see? 

 How can problems with 3 
variables be represented in 2 
dimensions? 

 How can I solve problems 
involving forces mathematically? 
 

Students will know: 
 

● Basic operations of vectors. 
● Vector applications to solve naturally occurring problems. 
● Key vocabulary: vector, initial point, terminal point, standard position, direction, 

magnitude, quadrant bearing, true bearing, parallel vectors, equivalent vectors, opposite 
vectors, resultant, zero vector, component form, unit vector, dot product, orthogonal, z-
axis, ordered triple, cross product, parametric equation 
 

Students will be able to: 
 

● Find equal, opposite, and parallel vectors. 
● Add and subtract vectors geometrically. 
● Find ordered pairs that represent vectors. 
● Add, subtract, multiply, and find the magnitude of vectors algebraically. 
● Add, subtract, and find the magnitude of vectors in three dimensional space. 
● Find the inner and cross products of two vectors. 
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● Determine whether two vectors are perpendicular. 
● Solve problems using vectors and right triangle trigonometry. 
● Write vector and parametric equations of lines. 
● Graph parametric equations. 
● Model the motion of a projectile using parametric equations. 
● Solve problems related to the motion of a projectile, its trajectory, and range. 

 

Assessment Evidence 

Performance Tasks: 
 
 Modeling Motion Project:  Students will apply 

knowledge from unit to solve a variety of real-
world, physics application problems. 

 Students use what they have learned about 
vectors in two and three dimensions to captain 
a riverboat. 
a) Have each student determine a speed that 

the boat will travel perpendicular to the 
shore. Have students calculate the speeds at 
which their boats are crossing the river and 
the angle at which their boats are traveling 
with respect to the shore when the current 
is 4 mph heading downstream. 

b) For a second trip, students design boat 
ramps, labeling the length and angle to the 
horizontal. Have each student determine 
how much work is done when a force of 520 
N is used to push a barrel up the ramp. 

c) Have two students work together to use 
their boats to pull a disabled boat. They 
should attach their towlines—one west of 
north, the other east of north—the same 
number of degrees. If each boat exerts a 
constant force of 2.25 × 106 N depressed 15° 
below the point where the lines attach to 
the disabled boat, have students determine 
a three-dimensional vector to describe the 
force from each boat. 
 

Other Evidence: 
 

● Tests  
● Quizzes 
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Learning Plan 

Learning Activities: 
 

● Unit length: 10 days including review and assessments 
● Starter exercises 
● Guided notes as necessary 
● In class activities (QR codes, scavenger hunt, interactive exercises, exit ticket, etc.) 
● Textbook: Holliday, Cuevas, McClure, Carter, and Marks. Advanced Mathematical 

Concepts. Glencoe, 2001 & 2006 
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Course Title: Precalculus 

Unit Title: Polar Coordinates & Complex Numbers 
 

Unit Number: 5 
 

Curriculum Writers:  Jessica Rista, John Storm, Terence Ward 
 

Desired Outcomes 

Established Goals:  NJSLS  
 

 Perform arithmetic operations with complex numbers (N.CN.3). 
 Represent complex numbers and their operations on the complex plane (N.CN.4, N.CN.5, 

N.CN.6). 
 

Enduring Understandings: 
 

 The polar coordinate system can be used to 
display data in a different format from the 
Cartesian system. 

 Polar equations may be more useful in 
certain situations than rectangular 
equations. 

Essential Questions: 
 

 How can we solve problems that 
involve a sphere (our world)? 

 How are complex numbers 
related to polar coordinates? 

 What is the relationship between 
the ordered pairs in the Cartesian 
coordinate system versus a polar 
system? 
 

Students will know: 
 

 How to graph polar equations 
 Conversion between polar and rectangular coordinates 
 How to add, subtract, multiply and divide complex numbers in polar and rectangular 

form 
 How to convert between polar and rectangular forms of complex numbers 
 Find powers and roots of complex numbers 
 Key vocabulary: polar coordinate system, polar coordinates, pole, polar axis, polar 

equation, polar graph, rose, limacon, cardioid, classical curves, rectangular 
coordinates, iteration, complex conjugate, complex plane, Argand plane, absolute 
value, modulus, amplitude, argument, polar/trigonometric form,  
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Students will be able to: 
 

 Graph points in polar coordinates. 
 Determine the distance between two points with polar coordinates. 
 Graph polar equations. 
 Convert between polar and rectangular coordinates. 
 Add, subtract, multiply, and divide complex numbers in rectangular form. 
 Graph complex numbers in the complex plane. 
 Convert complex numbers from rectangular to polar form and vice versa. 
 Find the product and quotient of complex numbers in polar form. 
 Find powers and roots of complex numbers in polar form using De Moivre’s Theorem. 

 

Assessment Evidence 

Performance Tasks: 
 
 Hangout PC Style Students use graphing polar 

coordinates and equations, converting between 
polar and rectangular coordinates and 
equations, and identifying polar equations of 
conic sections to design a teen hangout. Have 
students: 

a) design a dartboard on a polar grid 
consisting of two sections plus a bulls-
eye with the radii and points earned 
labeled. Have students plot and label the 
location of two darts on their dartboards 
and find the distance between them. 

b) design a room with a concert stage. Have 
students represent the area of sound a 
microphone captures by writing and 
graphing an equation for a limaçon. 

c) design a floor plan for a computer room 
on a complex plane. Computers and 
chairs should be labeled as complex 
numbers expressed in polar and 
rectangular forms. 
 
 
 

Other Evidence: 
 

● Tests  
● Quizzes 
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Learning Plan 

Learning Activities: 
 

● Unit length: 10 days including review and assessments 
● Starter exercises 
● Guided notes as necessary 
● In class activities (QR codes, scavenger hunt, interactive exercises, exit ticket, etc.) 
● Textbook: Holliday, Cuevas, McClure, Carter, and Marks. Advanced Mathematical 

Concepts. Glencoe, 2001 & 2006 
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Course Title: Precalculus 

Unit Title: Conic Sections 
 

Unit Number: 6 
 

Curriculum Writers:  Jessica Rista, John Storm, Terence Ward 
 

Desired Outcomes 

Established Goals:  NJSLS  
 

 Translate between the geometric description and the equation for a conic section (G.GPE.3). 

Enduring Understandings: 
 

 Conic sections are formed when a plane 

intersects a cone.  

 Conic sections reflect real-world phenomena.  

Essential Questions: 
 

 Where do conic sections appear in 
the real world? 

 How does the intersection of a 
plane and a cone create the 
different conic sections?   

 How is an equation used to 
determine the type of conic? 
 
 

Students will know: 
 

 The type of conic can be determined by the standard form of an equation. 

 Key vocabulary: conic section, degenerate conic, locus, parabola, focus, directrix, axis of 
symmetry, vertex, ellipse, foci, major axis, center, minor axis, vertices, co-vertices, 
eccentricity, hyperbola, transverse axis, conjugate axis 
 
 

Students will be able to: 
 

 Use and determine the standard and general forms of the equation of a circle, ellipse, 

hyperbola, and parabola. 

 Graph circles, ellipses, hyperbolas, and parabolas. 
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Assessment Evidence 

Performance Tasks: 
 

 A train bridge is supported by a rectangular 

hyperbolic arch (a=b).  The base of the arch is 

120m wide, and the vertex is 20m above the 

base. 

a) Determine an equation of the hyperbola by 

letting the vertex have coordinates (0,-a). 

b) Determine the height of the arch above 

the base at a point 30m from the center of 

the base. 

 A tunnel is in the shape of a semi-ellipse 8m 
wide and 3.5m high.  If a school bus is 2.44m 
wide, what is the maximum possible side 
height of the bus if it is to pass through the 
tunnel by: 
a)   Staying in its lane? 
b)  Straddling the center line? 

 

Other Evidence: 
 

● Tests  
● Quizzes 

 
 

Learning Plan 

Learning Activities: 
 
● Unit length: 7 days including review and assessments 
● Starter exercises 
● Guided notes as necessary 
● In class activities (QR codes, scavenger hunt, interactive exercises, exit ticket, etc.) 
● Textbook:  Holliday, Cuevas, McClure, Carter, and Marks. Advanced Mathematical Concepts. 

Glencoe, 2001 & 2006 
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Course Title: Precalculus 

Unit Title: Sequences and Series 
 

Unit Number: 7 
 

Curriculum Writers:  Jessica Rista, John Storm, Terence Ward 
 

Desired Outcomes 

Established Goals:  NJSLS  
 

 Write expression in equivalent forms to solve problems (A.SSE.4). 
 Use polynomial identities to solve problems (A.APR.5). 
 Build a function that models a relationship between two quantities (F.BF.2). 

 
 

Enduring Understandings: 
 

 Various methods can be used to evaluate 
sequences and series. 

 Patterns of change are related to the 
behaviors of functions. 

 Mathematical patterns can help simplify 
complex situations. 

Essential Questions: 
 

 Why is it helpful to know more 
than one way to evaluate 
sequences and series? 

 How are patterns of change 
related to the behaviors of 
functions? 

 How are mathematical patterns 
used to simplify complex 
situations? 

 
 

Students will know: 
 

 Formulas that relate to geometric and arithmetic functions. 
 Sequences and series are related to functions. 
 Key vocabulary: sequence, terms, arithmetic sequence, common difference, recursive 

formula, arithmetic means, arithmetic series, nth partial sum, geometric sequence, 
common ratio, geometric means, geometric series, infinite sequence, limit, infinite 
series, sigma notation, index of summation, n factorial 
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Students will be able to: 
 

 Find the nth term and arithmetic/geometric means of an arithmetic/geometric 
sequence. 

 Find the sum of n terms of an arithmetic and geometric series. 
 Find the limit of the terms of an infinite sequence. 
 Find the sum of an infinite geometric series. 
 Use sigma notation. 

 

Assessment Evidence 

Performance Tasks: 
 
Real-life series - Choose real-life situations which 
use arithmetic or geometric sequences and series. 
You must have at least one of each type for this 
project. 
 Research- Include any research you did to 

discover the real-life applications of sequences 
and series. If you created the real-life 
applications yourself, explain your thinking. If 
you used ideas from other sources, show how 
you changed the terms, common difference, or 
common ratio to make your application unique. 

 Diagrams or pictures - Include a diagram or 
picture of the situations you have chosen. 
Either write out the 1st several terms, or use 
pictures to represent what is taking place. For 
example, if a ball is bouncing you might want to 
show the distance traveled in the 1st several 
bounces. 

 Formulas - Write the recursive and explicit 
formulas for each sequence in the series. Then 
write the series using summation notation. 

 Show what you know - Use as many of the 
concepts about arithmetic and geometric 
sequences and series as you can to describe 
your real-life situations. For example, show 
how to find the nth term of your arithmetic 
sequence or describe how to evaluate the 1st n 
terms. Discuss whether your geometric series is 

Other Evidence: 
 

● Tests  
● Quizzes 
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finite or infinite and how you know. Pretend 
you have only 2 terms in the sequence. Describe 
how you could write a rule for the nth term. 
Make up your own questions about your 
sequences and series and then answer them 
yourself. 
 

Learning Plan 

Learning Activities: 
 

● Unit length: 6 days including review and assessments 
● Starter exercises 
● Guided notes as necessary 
● In class activities (QR codes, scavenger hunt, interactive exercises, exit ticket, 

etc.) 
● Textbook:  Holliday, Cuevas, McClure, Carter, and Marks. Advanced Mathematical 

Concepts. Glencoe, 2001 & 2006 
 

 


