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COURSE DESCRIPTION: 
 
The purpose of Calculus is to present to the student a foundation of the basic concepts of 
calculus:  the limit, the derivative and the integral. 
 
Success in this course requires that the student demonstrate above average participation, 
initiative, and achievement in the pre-requisites of Algebra, Geometry and Precalculus. 
 
Whenever appropriate, calculus concepts will be presented in various ways, including:  
graphically, numerically, algebraically, verbally and physically.  Teaching strategies will include 
computer and calculator treatment of subject matter, discovery through use of manipulates, 
audio/visual presentations of concepts and applications, and teacher directed activities.  These 
will address various learning styles to promote involvement and achievement.  Success in this 
course requires that the student demonstrates above average participation, initiative, and 
achievement in the pre-requisites of Algebra, Geometry, Advanced Algebra / Trigonometry and 
Pre-calculus. 
 
 
 
Table of Contents: 
 
Unit 1: Limits and Continuity 
Unit 2: Differentiation 
Unit 3: Applications of Differentiation 
Unit 4: Integration 
Unit 5: Applications of the Definite Integral 
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Course Title: Calculus 

Unit Title:  Limits and Continuity 
 

Unit Number: 1   
 

Curriculum Writers:  Jessica Rista, John Storm, Terence Ward 
 

Desired Outcomes 

Established Goals:  NJSLS 
 

 Understand the concept of a function and use function notation (F.IF.1, F.IF.2). 

 Interpret functions that arise in applications in terms of the context (F.IF.4). 

 Analyze functions using different representations (F.IF.7). 
 

Enduring Understandings: 
 

● Calculus is the mathematics of 
change. 

● The tangent line problem is basic to 
calculus. 

● Limits can be used to describe 
continuity, the derivative, and the 
integral: the ideas giving the 
foundation of calculus. 

● Limits can be used to describe the 
behavior of functions in absolute 
value for large numbers. 

● Continuous functions are used to 
describe how a body moves through 
space and how the speed of a 
chemical reaction changes with time. 

● The tangent line determines the 
direction of a body’s motion at every 
point along its path. 

Essential Questions: 
 

● What is a limit? 
● How do you find a limit with a table? A 

graph? Analytically? 
● What does indeterminate form mean? 

Which techniques can we use to solve 
these types of problems? 

● When does a limit not exist? 
● What is the difference between a one-

sided and a two-sided limit? 
● How can limits be used to identify vertical 

and horizontal asymptotes? 
● How can limits be used to determine if a 

function is continuous? 
● Can all discontinuities be removed to 

create a continuous extension of the 
function? 

● What does the Intermediate Value 
Theorem allow us to find for continuous 
functions? 

● Why can we use our knowledge of average 
and instantaneous rates of change to find 
the slopes of secant and tangent lines to a 
curve? 
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Students will know:   
 

● Limits allow us to “straighten” curved lines and enable us to use algebra and geometry to 
solve real world problems. 

● Existence of a limit of a function, including at points, and as x approaches + or – infinity 
● Basic limit theorems. 
● One of the uses of limits is to test continuous functions which arise frequently in scientific 

work. 
● The definition of continuity as it applies to functions. 
● Types and examples of discontinuity. 
● Key Terms:  secant line, tangent line, average speed, instantaneous speed, limit, polynomial 

function, rational function, limit, one-sided limit, indeterminate form, horizontal 
asymptote, vertical asymptote, end behavior model, continuity, discontinuity (removable 
and nonremovable), jump discontinuity, infinite discontinuity, oscillating discontinuity, 
continuous extension, greatest integer function, Intermediate Value Theorem, existence 
theorems 

 

Students will be able to: 
 

 Estimate a limit using a numerical or graphical approach. 

 Identify different types of behavior associated with nonexistence of a limit. 

 Evaluate a limit using properties of limits (scalar multiple, sum or difference, product, 
quotient, power). 

 Develop and use a strategy for finding limits. 

 Evaluate a limit using dividing out and rationalizing techniques. 

 Evaluate trigonometric limits using two special trigonometric limits. 

 Determine continuity at a point and continuity on an open interval. 

 Determine one-sided limits and continuity on a closed interval. 

 Use properties of continuity. 

 Understand and apply the Intermediate Value Theorem. 

 Determine infinite limits from the left and from the right. 

 Find and sketch the vertical asymptotes of the graph of a function. 

 Determine (finite) limits at infinity. 

 Determine the horizontal asymptotes, if any, of the graph of a function. 

 Determine infinite limits at infinity. 
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Assessment Evidence 

Performance Tasks: 
 

 Tangent Line Investigation using 
Geometers’ Sketchpad 

 ‘Limits’ Project using Excel 
spreadsheet 

 Vertical Asymptotes Investigation 
using graphing utility 

 

Other Evidence: 
 

● Tests  
● Quizzes 
 

Learning Plan 

Learning Activities: 
 

● Unit length: 15 days including review and assessments 
○ The Tangent Line Problem (1.1) – 1 day 
○ Finding limits graphically and numerically (1.2) – 2 days 
○ Evaluating limits analytically (1.3) – 4 days 
○ Continuity and one-sided limits (1.4) – 2 days 
○ Infinite limits (1.5) – 3 days 
○ Limits at infinity (3.5) – 1 day 

● Starter exercises 
● Guided notes 
● G.N.A.W. Assignments 
● Mini-Assignments 
● Formative assessments (QR codes, scavenger hunt, interactive exercises, exit ticket, etc.) 
● Homework relating to current topic 
● Calculus Eighth Edition; Larson, Hostetler, Edwards; Houghton-Mifflin; 2006 
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Course Title: Calculus 

Unit Title: Differentiation 
 

Unit Number: 2 
 

Curriculum Writers: Jessica Rista, John Storm, Terence Ward 
 

Desired Outcomes 

Established Goals:  NJSLS 
 

 Understand the concept of a function and use function notation (F.IF.1, F.IF.2). 
 Interpret functions that arise in applications in terms of the context (F.IF.4). 
 Analyze functions using different representations (F.IF.7). 

 

Enduring Understandings: 
 

 The derivative gives the value of the slope of 
the tangent line to a curve at a point. 

 Graphs of differentiable functions can be 
approximated by their tangent lines at points 
where the derivative exists. 

 Rules for differentiations help us find 
derivatives of functions analytically more 
efficiently. 

 Derivatives give the rates at which things 
change in the world. 

 The Chain Rule allows us to solve real world 
examples of composite functions such as 
normal daily maximum temperature for a 
given location. 

 Logarithmic differentiation is a powerful tool 
that aids in solving complex non-logarithmic 
functions. 

 

Essential Questions: 
 

 How can you use the definition of 
derivatives to determine algebraic 
derivatives of functions? 

 What is the connection between 
derivatives and the graph of a 
function? 

 How can a left-handed and right-
handed derivative exist at a point 
but the derivative not exist there? 

 When does the derivative at a point 
fail to exist? 

 Does differentiability imply 
continuity? Does continuity imply 
differentiability? 

 How are derivatives used to 
describe instantaneous rates of 
change? 

 What is the difference between 
displacement, average velocity and 
instantaneous velocity? 

 How can derivatives be used to 
solve problems in everyday life? 

 When is implicit differentiation 
necessary? 
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Students will know: 
 

 The relationship between a function, the slope of the tangent line, instantaneous rate of 
change, and the first derivative. 

 The difference between a continuous and differentiable function. 

 When to apply various differentiation rules (power, product, quotient, chain, etc.). 

 The derivative of various functions using the limit method and differentiation rules. 

 The derivative of trigonometric, exponential, and logarithmic functions. 

 When and how to differentiate relations implicitly. 

 Key terms:  derivative, differentiable function, differentiation, derivative notation, 
derivative graphs, differentiability, difference quotient, locally linear, composite function, 
numerical derivative, jerk, Intermediate Value Theorem for Derivatives 
 

Students will be able to: 
 

● Find the slope of the tangent line to a curve at a point using the derivative. 
● Use the limit definition to find the derivative of polynomial, radical, and rational functions. 
● Understand the relationship between differentiability and continuity. 
● Find the derivative of a function using the Constant Rule, Power Rule, Constant Multiple 

Rule, and Sum and Difference Rules. 
● Find the derivative of the sine and cosine functions. 
● Use derivatives to find rates of change. 
● Find the derivative of a function using the Product Rule and Quotient Rule. 
● Find the derivative of a trigonometric function. 
● Find a higher-order derivative of a function. 
● Calculate and apply a position, velocity, and acceleration function in real world applications. 
● Find the derivative of a composite function using the Chain Rule and General Power Rule. 
● Simplify the derivative of a function using algebra. 
● Find the derivative of a trigonometric function using the Chain Rule. 
● Distinguish between functions written in implicit and explicit form. 
● Use implicit differentiation to find the derivative of a function. 
● Develop properties of the natural exponential function. 
● Differentiate natural exponential functions  
● Develop and use properties of the natural logarithmic function. 
● Find derivatives of functions involving the natural logarithmic function. 
● Define exponential functions that have bases other than e. 
● Differentiate exponential functions that have bases other than e. 
● Find the derivative of an inverse function. 
● Differentiate an inverse trigonometric function.  
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● Find a related rate. 
● Use related rates to solve real-life problems. 

 

Assessment Evidence 

Performance Tasks: 
 

 Tangent Line Investigation using spreadsheet 
application 

 ‘Projectile’ project using spreadsheet 
application 

 ‘Related Rates Problem Poster’ project 
 

Other Evidence: 
 

● Tests  
● Quizzes 

Learning Plan 
Learning Activities: 
 

● Unit length:  29 days including review and assessments 
○ The derivative and the tangent line problem (2.1) – 2 days 
○ Differentiation rules and rates of change (2.2) – 3 days 
○ Product and quotient rules and higher order derivatives (2.3) – 2 days 
○ The chain rule (2.4) – 3 days 
○ Implicit differentiation (2.5) – 2 days 
○ The natural logarithmic function: differentiation (5.1) – 2 days 
○ Inverse functions: Derivative (5.3) – 2 days 
○ Exponential Functions: Differentiation (5.4) – 2 days 
○ Bases other than e and applications: Differentiation (5.5) – 1 day 
○ Inverse trigonometric functions: Differentiation (5.6) – 3 days 
○ Related rates (2.6) – 3 days 

● Starter exercises 
● G.N.A.W. Assignments 
● Guided notes 
● In class activities (QR codes, scavenger hunt, interactive exercises, exit ticket, etc.) 
● Homework relating to current topic 
● Calculus Eighth Edition; Larson, Hostetler, Edwards; Houghton-Mifflin; 2006 
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Course Title: Calculus 

Unit Title: Applications of Differentiation 
 

Unit Number: 3 
 

Curriculum Writers:  Jessica Rista, John Storm, Terence Ward 
 

Desired Outcomes 

Established Goals:  NJSLS 
 

 Understand the concept of a function and use function notation (F.IF.2). 

 Interpret functions that arise in applications in terms of the context (F.IF.4, F.IF.5). 

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

 Build new functions from existing functions (F.BF.3). 
 

Enduring Understandings: 
 

 The derivative has both theoretical and real 

life applications. 

 Derivatives provide useful information about 

the behavior of a function and its graph 

including its absolute maximum/minimum, 

relative maximum/minimum, where it is 

increasing/decreasing, its concavity and 

point(s) of inflection. 

 Understanding the rate of change of a 

function allows you to predict future behavior. 

 

 

Essential Questions: 
 

 How can derivatives be used to 
solve real world problems? 

 How is the derivative presented 
graphically, numerically, and 
analytically? 

 What is a critical number and what 
can they tell us? 

 How is the derivative of a function 
f’ related to the function f? 

 What are the similarities and 
differences between f’ and f 
graphically? 

 What is the second derivative and 
how is it related to f and f’? 

 What does a derivative tell us 
about a function? 

 How can the derivative be used to 
solve optimization and related rate 
problems? 

 How do rates of change relate in 
real-life situations? 
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Students will know: 
 

● First and second derivatives are used to determine for a given function the critical values, 
intervals of increase and decrease, relative maxima and minima, points of inflection, and 
intervals concave up and concave down. 

● Key Terms: Absolute (Global) Extrema, Relative (Local) Extrema, Critical Point, Mean Value 
Theorem, Increasing and Decreasing Functions, antiderivative, antidifferentiation, First 
Derivative Test, Second Derivative Test, Concavity, Point of Inflection, Optimization, 
Maximum Profit, Minimizing Average Cost, Linear Approximation, Linearization, Newton’s 
Method, Differentials, Absolute, Relative and Percentage Change, Related Rates 
 

Students will be able to: 
 

 Understand the definition of extrema of a function on an interval. 

 Understand the definition of relative extrema of a function on an open interval. 

 Find extrema on a closed interval. 

 Understand and use Rolle’s Theorem. 

 Understand and use the Mean Value Theorem. 

 Determine intervals on which a function is increasing or decreasing. 

 Apply the First Derivative Test to find relative extrema of a function. 

 Determine intervals on which a function is concave upward or concave downward. 

 Find any points of inflection of the graph of a function. 

 Apply the Second Derivative Test to find relative extrema of a function. 

 Analyze and sketch the graph of a function. 

 Solve applied optimization problems (minimum and maximum). 

 Understand the concept of a tangent line approximation. 

 Approximate a zero of a function using Newton’s Method. 

 

Assessment Evidence 

Performance Tasks: 
 
 The “Optimal” Can Project 

 Create Your Own Polynomial Project 

 Horizontal Asymptotes Investigation using 
graphing utility 

 ‘Newton’s Method’ project using spreadsheets 

Other Evidence: 
 
● Tests  
● Quizzes 
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Learning Plan 

Learning Activities: 
 

● Unit length: 19 days including review and assessments 
○ Tangent line approximation (3.9) – 1 day 
○ Extrema on an interval (3.1) – 2 days 
○ Rolle’s Theorem and Mean Value Theorem (3.2) – 2 days 
○ Increasing and decreasing functions and the First Derivative Test (3.3) – 1 day 
○ Concavity and the Second Derivative Test (3.4) – 1 day 
○ Summary of curve sketching (3.6) – 2 days 
○ Examine relationships between graphs of f, f’, & f” – 2 days 
○ Optimization problems (3.7) – 4 days 
○ Newton’s Method (3.8) – 1 day 

● Starter exercises 
● G.N.A.W. Assignments 
● Guided notes 
● In class activities (QR codes, scavenger hunt, interactive exercises, exit ticket, etc.) 
● Homework relating to current topic 
● Calculus Eighth Edition; Larson, Hostetler, Edwards; Houghton-Mifflin; 2006 
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Course Title: Calculus 

Unit Title: Integration 
 

Unit Number: 4 
 

Curriculum Writers: Jessica Rista, John Storm, Terence Ward 
 

Desired Outcomes 

Established Goals:  NJSLS 
 

 Understand the concept of a function and use function notation (F.IF.2, F.IF.3). 

 Build a function that models a relationship between two quantities (F.BF.1, F.BF.2). 

 Interpret expressions for functions in terms of the situation they model (F.LE.5). 

Enduring Understandings: 
 

 Estimating with finite sums sets the 

foundation for understanding integral 

calculus. 

 The definite integral is the basis of integral 

calculus, just as the derivative is the basis of 

differential calculus. 

 The Fundamental Theorem of Calculus is the 

connection between derivatives and definite 

integrals. 

 Definite integrals can be found using 

rectangular and trapezoidal numerical 

approximations. 

Essential Questions: 
 

 What is an integral? 

 What is the connection between 

derivatives and integrals? 

 How can we estimate the area 

under a curve using geometric 

shapes? 

 What is the relationship between 

limits and areas under curves? 

 How are the properties of definite 

integrals related to the Riemann 

Sum? 

 How are definite integral and area 

related? 

 How would we define the average 

value of an arbitrary function f over 

a closed interval? 

 What is the Fundamental Theorem 

of Calculus? 
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Students will know: 
 

● The definite integral can be estimated using areas of plane regions as sums of rectangles 
constructed by using a partitioning of an interval and the right, left, midpoint or any point of 
the partition. 

● The definition of a definite integral is a limit to an infinite Riemann Sum, the exact area of 
the plane region.   

● The First and Second Fundamental Theorem applications in areas of simple plane regions, 
accumulation problems, and average-value-of-a-function problems. 

● Key Terms: Rectangular Approximation Method (RAM), LRAM, RRAM, MRAM, Riemann 
Sums, Sigma Notation, Definite Integral, Summation Notation, Integration Notation, 
Average Value of a Function, Mean Value Theorem for Definite Integrals, 
Antidifferentiation, Antiderivatives, Fundamental Theorem of Calculus, Trapezoidal 
Approximation 

Students will be able to: 
 

 Write the general solution of a differential equation. 

 Use indefinite integral notation for antiderivatives. 

 Use basic integration rules to find antiderivatives. 

 Apply integration techniques to solve vertical motion problems. 

 Use sigma notation to write and evaluate a sum. 

 Approximate the area of a plane region (Riemann Sums and Trapezoidal Rule). 

 Find the area of a plane region using limits. 

 Evaluate a definite integral using limits. 

 Evaluate a definite integral using properties of definite integrals. 

 Evaluate a definite integral using the Fundamental Theorem of Calculus. 

 Understand and use the Mean Value Theorem for Integrals. 

 Find the average value of a function over a close interval. 

 Understand and use the Second Fundamental Theorem of Calculus. 

 Understand and use the Net Change Theorem. 

 Use the General Power Rule for Integration to find an indefinite integral. 

 Evaluate a definite integral involving an even or odd function. 

 Use a change of variables to evaluate an indefinite and definite integral (u-substitution). 

 Use the Log Rule for Integration to integrate a rational function. 

 Integrate trigonometric functions. 

 Integrate natural exponential functions. 

 Integrate functions whose antiderivatives involve inverse trigonometric functions. 
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Assessment Evidence 

Performance Tasks: 
 

 A ball is thrown vertically upward from ground 
level with an initial velocity of 96 feet per 
second. 
a)  How long will it take the ball to rise to its 

maximum height? 
b) What is the maximum height? 
c) When is the velocity of the ball one-half 

the initial velocity? 
d) What is the height of the ball when its 

velocity is one-half the initial velocity? 

 An experimental vehicle is tested on a straight 
track.  It starts from rest, and its velocity v 
(meters per second) is recorded in the table 
every 10 seconds for 1 minute. 

t 0 10 20 30 40 50 60 

v 0 5 21 40 62 78 83 

a) Use a graphing utility to find a model of 
the form                for the 
data. 

b) Use a graphing utility to plot the data and 
graph the model. 

c) Use the Fundamental Theorem of Calculus 
to approximate the distance traveled by 
the vehicle during the test. 

 

Other Evidence: 
 

● Tests  
● Quizzes 

 

Learning Plan 

Learning Activities: 
 

● Unit length: 27 days including review and assessments 
○ Antiderivatives and indefinite integration (4.1) – 3 days 
○ Area (4.2) – 1 day 
○ Riemann Sums and Definite Integral (4.3) – 3 days 
○ Fundamental Theorem of Calculus (4.4) – 4 days 
○ Integration by Substitution (4.5) – 5 days 
○ Numerical Integration (4.6) – 1 day 
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○ Natural Logarithmic Function: Integration (5.2) – 2 days 
○ Exponential Functions: Integration (5.4) – 1 days 
○ Bases other than e and applications: Integration (5.5) – 1 day 
○ Inverse Trigonometric Functions: Integration (5.7) – 3 days 

● Starter exercises 
● Guided notes 
● In class activities (matching, scavenger hunt, interactive exercises, etc.) 
● Homework relating to current topic 
● Calculus Eighth Edition; Larson, Hostetler, Edwards; Houghton-Mifflin; 2006 
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Course Title: Calculus 

Unit Title: Applications of Definite Integral 
(Supplemental) 
 

Unit Number: 5  
 

Curriculum Writers: Jessica Rista, John Storm, Terence Ward 
 

Desired Outcomes 

Established Goals:  NJSLS 
 

 Understand the concept of a function and use function notation (F.IF.2). 

 Interpret functions that arise in applications in terms of the context (F.IF.4, F.IF.5). 

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

 Build new functions from existing functions (F.BF.3). 
 

Enduring Understandings: 
 

 The integral is a tool that can be used to 
calculate net change and total accumulation. 

 Integration techniques allow us to compute 
areas of complex regions of the plane. 

 The volume of a variety of three dimensional 
solids can be obtained using integration. 

 

Essential Questions: 
 

 How can integration be used to find 

the area between two curves? 

 How can integrals be applied to 

finding a generated volume? 

 How can integrals be used to find 

volumes of complex figures? 

 What are the practical applications 

of finding the volumes of complex 

figures? 

 How does the graph effect the way 

that area/volume is determined? 

Students will know: 
 

● The definite integral is used to find the areas of regions between curves using all types of 
functions.   

● The definite integral is used to find the volume of a region rotated around an axis. 
● Key Terms – Area Between Curves, Area Enclosed By Intersecting Curves, Volume of a Solid 

with known Cross Sectional Area, Disk Method, Washer Method 
 

Students will be able to: 
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 Find the area of a region between two curves using integration. 

 Find the area of a region between intersecting curves integration. 

 Find the volume of a solid of revolution using the disk method, washer method, and with 
known cross sections. 

 Find the volume of a solid of revolution using the shell method. 
 

Assessment Evidence 

Performance Tasks: 
 
●  Concrete sections for a new building have the 

dimension (in meters) and shape shown in the 
figure. 

 
a) Find the area of the face of the section 

superimposed on the rectangular coordinate 
system. 

b) Find the volume of concrete in one of the section 
by multiplying the area in part (a) by 2 meters.  

c) One cubic meter of concrete weights 5000 
pounds.  Find the weight of the section. 

 A tank on the wind of a jet aircraft is formed by 
revolving the region bound by the graph of 

  
 

 
       and the x-axis about the x-axis 

(see figure), where x and y are measured in 
meters.  Find the tank’s volume. 

 

Other Evidence: 
 

● Tests  
● Quizzes 
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Learning Plan 

Learning Activities: 
 

● Supplemental Unit length: 13 days including review and assessments 
○ Area of a region between two curves (7.1) – 3 days 
○ Volume: The Disk Method (7.2) – 6 days 
○ Volume: The Shell Method (7.3) – 2 days 

● Starter exercises 
● Guided notes 
● In class activities (matching, scavenger hunt, interactive exercises, etc.) 
● Homework relating to current topic 
● Calculus Eighth Edition; Larson, Hostetler, Edwards; Houghton-Mifflin; 2006 

 
 

 
 


