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University of Waterloo 
Math 052 Outline
Pre-University Calculus 

 Topics of Study
 Course Objectives
 Textbook Resources
 Lecture Resources

Topics of Study 

1. Introduction to Calculus
a. What is Calculus?
b. The Slope of a Tangent Line
c. Rate of Change

2. Limits
a. Concept of a Limit
b. Properties of Limits

3. The Derivative
a. What is a Derivative?
b. Derivative Rules for Polynomial and Rational Functions

i. The Power Rule
ii. The Product Rule
iii. The Quotient Rule
iv. The Chain Rule

4. Applications of the Derivative
a. Curve Sketching of Polynomial and Rational Functions

i. Intervals of Increase or Decrease
ii. Local Extrema: Maxima and Minima
iii. Higher Order Derivatives: The Second Derivative, Concavity, and Points of Inflection
iv. Vertical Asymptotes
v. Horizontal Asymptotes

b. Distance, Velocity and Acceleration
c. Related Rate Problems
d. Optimization Problems
e. Implicit Differentiation

4. Derivatives of Trigonometric Functions
a. The Derivatives of cos(x) and sin(x)
b. Other Trigonometric Derivatives
c. Applications of Trigonometric Functions

5. Derivatives of Logarithmic and Exponential Functions
a. The Derivative of Logarithmic Functions
b. The Derivative of Exponential Functions
c. Applications of Logarithmic and Exponential Functions

6. Antiderivatives, The Integral, and Area
a. Areas and Riemann Sums
b. Antiderivatives
c. The Indefinite and Definite Integrals
d. Finding Areas using Definite Integrals
e. Areas Between Curve
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Course Objectives 

The following lists the objectives for the Math 052 course. The student will: 

1. Introduction to Calculus

a. What is Calculus?

o Understand that the ideas behind Calculus were developed over thousands of
years in many countries.

o Know that Isaac Newton and Gottfried Wilhelm Leibniz are credited for the
"discovery" of differential calculus.

b. The Slope of a Tangent Line

o Determine the slope of a line given two points.
o Determine the equation of a line given two points, or the slope and one point.
o Calculate the slope of a tangent line at a point on a curve by determining the

limiting slope of secant lines near the point on the curve.
o Calculate the slope of a tangent line to the graph of f(x) at the point P(a, f(a))

using the Newton Quotient (a.k.a. the difference quotient):
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o Determine the equation of the tangent line at a point on a curve.

c. Rates of Change

o Understand that the instantaneous rate of change of y=f(x) with respect to x
when x=a is
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o Understand that the instantaneous rate of change of the function f(x) at x=a
equals the slope of the tangent line to the graph of f(x) at x=a.

o Calculate the slope of the tangent line at a point using the formula for the
instantaneous rate of change.

o Calculate the average and instantaneous rates of change of functions and
relate these values to the slopes of secant and tangent lines.

o Calculate average velocity over a time interval given the distance function.
o Calculate the instantaneous velocity at a specific time given the distance

function.



 3 

 

2. Limits 

a. Concept of a Limit 

o Understand the notation that the limit L of a function f(x) at x=a is written as  
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o Describe what is meant by a limit L of a function f(x). 
o Understand when a limit does not exist. 
o Describe what is meant for a function to be continuous. 
o Use limits to explain why a function is continuous or discontinuous. 
o Visualize that a function is continuous if its graph has no breaks, jumps or 

gaps. 

b. Properties of Limits 

o Evaluate limits of functions using appropriate properties of limits. 
o Use the substitution method to calculate limits. 
o Find limits by factoring. 
o Find limits by using the conjugate method (rationalize the denominator). 
o Evaluate limits using algebraic, geometric, and analytic techniques. 
o Calculate limits at infinity. 
o Understand that all polynomial functions are continuous for all real numbers. 
o Know that a rational function in simplified form has a discontinuity at the zeros 

of the denominator. 
o Understand that the limit of a function f(x) at x=a exists when the limiting 

value from the left equals the limiting value from the right. 
o Understand that when the one-sided limits of a function at a point are not 

equal to each other, then the limit at this point does not exist and the function 
is not continuous at this point. 
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3. The Derivative 

a. What is a Derivative? 

o Calculate the general derivative function of polynomial and simple rational 
functions from first principles (using the difference quotient) 
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provided the limit exists. 
o Calculate the value of a derivative at a specific point using the difference 

quotient 
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provided the limit exists. 
o Understand that the slope of the tangent line to a curve at a point is the 

limiting slope of a sequence of secants, and the slope of the tangent is the 
limit of the slope of the secants. 

o Understand that the value of the derivative at a point x=a on a curve of a 
function can be interpreted as either the slope of the tangent line to the curve 
at that point, or the instantaneous rate of change of f(x) with respect to x with 
x=a. 

o State the definition of the derivative function. 
o Understand that a function can be continuous at a point, but not differentiable 

and provide examples of such functions (example: absolute value function). 
o Be familiar with the different notations that represent a derivative: f'(x), or y' 

and dy/dx if y=f(x). 

b. Derivative Rules for Polynomial and Rational Functions 

i. The Constant Function Rule 
ii. The Sum/Difference Rule 
iii. The Power Rule 
iv. The Product Rule 
v. The Quotient Rule 
vi. The Chain Rule 

o Determine derivatives of elementary functions using derivative rules. 
o Explain why derivatives may not exist and identify examples of functions 

that are not differentiable. 
o Apply the Constant Function/Sum/Difference Rule to find the derivative of 

a function. 
o Apply the Power Rule to find the derivative of a function. 
o Apply the Product Rule to find the derivative of a function. 



 5 

o Apply the Quotient rule to find the derivative of a function. 
o Apply the Chain rule to find the derivative of a function. 
o Given a function, find the equation of a tangent line at a point on its curve. 
o Given a function, find average and instantaneous rates of change. 
o Use the derivative to solve problems involving instantaneous rates of 

change. 

4. Applications of the Derivative 

a. Curve Sketching of Polynomial and Rational Functions 

i. Intervals of Increase or Decrease 
ii. Local Extrema: Maxima and Minima 
iii. Higher Order Derivatives: The Second Derivative, Concavity, and Points of 

Inflection  
iv. Vertical Asymptotes 
v. Horizontal Asymptotes 

o Find the domain and intercepts of a function. 
o Determine if a function has any discontinuities. 
o Find the first derivative of a function using derivative rules. 
o Find critical points for a function. 
o Use the derivative function to determine intervals where the original 

function is increasing and decreasing. 
o Use the derivative function to find extreme values (maximum and 

minimum) using the First Derivative Test. 
o Find the second derivative of a function. 
o Use the second derivative to determine the concavity of a function. 
o Use the second derivative to find the points of inflection of a function. 
o Use the Second Derivative Test to classify extrema as maximum or 

minimum values. 
o Use limits to find equations of vertical and horizontal asymptotes. 
o Sketch the graph of a function by finding its increasing/decreasing 

intervals, maximum/minimum points, concavity and equations of any 
asymptotes. 

b. Distance, Velocity and Acceleration 

o Understand that if s(t) is the position function, then the velocity function v(t) is 
the first derivative of the position function and the acceleration function a(t) is 
the second derivative of the position function (or alternately, the acceleration 
function is the first derivative of the velocity function). 

o Find the equation for the velocity function given the position function. 
o Find the equation for the acceleration function given the velocity or position 

function. 
o Understand that when the velocity function of an object is negative, the object 

is moving in a negative direction (left or downward) during that time interval. 
Similarly, when the velocity function of an object is positive, the object is 
moving in a positive direction (right or upward) during that time interval. 
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o Understand that when the velocity function of an object is zero, the object is 
stationary. 

o Understand that when the acceleration function of an object is negative, the 
velocity of the object is decreasing. Similarly, when the acceleration function 
of an object is positive, the velocity of the object is increasing. 

o Understand that when the acceleration function of an object is zero, the 
velocity of the object is constant (the object is neither accelerating nor 
decelerating). 

o Know that the speed of an object is the magnitude of its velocity at time t,: 
speed = |v(t)|. 

o Solve problems involving distance, velocity and acceleration functions. 

c. Related Rate Problems 

o Solve related rate problems by finding derivatives and applying mathematical 
models. 

d. Optimization Problems 

o Solve optimization problems by finding the maximum and minimum values of 
functions and applying a mathematical model.  

e. Implicit Differentiation 

o Find the derivative of an implicit function. 
o Find the equation of a tangent line at a specific point for an implicitly stated 

function. 

5. Derivatives of Trigonometric Functions 

a. The Derivatives of cos(x) and sin(x) 
b. Other Trigonometric Derivatives 
c. Applications of Trigonometric Functions 

o State the derivatives of the six basic trigonometric functions: (cos(x), sin(x), 
tan(x), sec(x), csc(x), cot(x)). 

o Apply the rules for derivatives to functions involving trigonometric expressions. 
o Use the derivatives of the trigonometric functions to solve real world problems. 

6. Derivatives of Logarithmic and Exponential Functions 

a. The Derivative of Logarithmic Functions 
b. The Derivative of Exponential Functions 
c. Applications of Logarithmic and Exponential Functions 

o State the derivative of the general logarithmic function (loga(x)). 
o State the derivative of the natural logarithmic function (ln(x)). 
o State the derivative of the the general exponential function (bx). 
o State the derivative of exponential functions(ex and e(f(x))). 
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o Apply the rules for derivatives to functions involving logarithmic and exponential 
expressions. 

o Use the derivatives of the logarithmic and exponential functions to solve real 
world problems. 

 

7. Antiderivatives, The Integral, and Area 

a. Antiderivatives 

o Given a polynomial function, find its antiderivative. 

b. Areas and Riemann Sums 

o Calculate the upper and lower Riemann sum of a polynomial function. 
o Understand the relationship between the Riemann sum, area and the integral of 

a function. 

c. The Indefinite Integral 

o Apply the Power rule for integration. 
o Calculate indefinite integrals of polynomial functions. 

d. Finding Areas using Definite Integrals 

o Apply the Fundamental Theorem of Calculus to calculate area. 

e. Areas Between Curves 

o Find the area between two curves (polynomial functions). 
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Textbook Resources 

1. [FREE PDF DOWNLOAD] Calculus and Vectors for MCV4U by Iulia & Teodoru Gugoiu 
o Notes, worksheets, sample exams and other resource material at  

http://www.la-citadelle.com/courses/calculus/ 

2. [FREE PDF DOWNLOAD] Dawkins, Paul. Calculus I. Copyright 2007.  
o PDF Download available at 

http://www.freebookcentre.net/maths-books-download/Calculus-I-(Paul-
Dawkins).html 

3. [FREE PDF DOWNLOAD] Strang, Gilbert.  
o PDF Text Download available at 

http://ocw.mit.edu/resources/res-18-001-calculus-online-textbook-spring-
2005/textbook/ 

o PDF Study Guide available at 
http://ocw.mit.edu/resources/res-18-001-calculus-online-textbook-spring-
2005/study-guide/ 

4. [FREE ONLINE] Selection of Calculus E-Books 
o View list and download PDF Texts at 

http://mathandmultimedia.com/2009/12/19/free-calculus-ebooks/ 

5. [FREE ONLINE] OER Commons (Open Educational Resources) Online Calculus Text 
o View online at 

http://www.oercommons.org/courses/calculus-student-s-edition/view 

6. [FREE ONLINE] University of British Columbia Calculus Online Interactive Text 
o View online at 

http://www.ugrad.math.ubc.ca/coursedoc/math100/notes/index.html 
 

http://www.la-citadelle.com/courses/calculus/
http://www.freebookcentre.net/maths-books-download/Calculus-I-(Paul-Dawkins).html
http://www.freebookcentre.net/maths-books-download/Calculus-I-(Paul-Dawkins).html
http://ocw.mit.edu/resources/res-18-001-calculus-online-textbook-spring-2005/textbook/
http://ocw.mit.edu/resources/res-18-001-calculus-online-textbook-spring-2005/textbook/
http://ocw.mit.edu/resources/res-18-001-calculus-online-textbook-spring-2005/study-guide/
http://ocw.mit.edu/resources/res-18-001-calculus-online-textbook-spring-2005/study-guide/
http://mathandmultimedia.com/2009/12/19/free-calculus-ebooks/
http://www.oercommons.org/courses/calculus-student-s-edition/view
http://www.ugrad.math.ubc.ca/coursedoc/math100/notes/index.html
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Lecture Resources 

1. Resources for Ontario MCV4U Calculus and Vectors by Iulia & Teodoru Gugoiu 
o Download PowerPoint lectures and resource material at 

http://www.la-citadelle.com/courses/calculus/ 

2. Single Variable Calculus by Dr. David Jerison from MIT OpenCourseWare  
o View lectures and resource material at 

http://ocw.mit.edu/courses/mathematics/18-01sc-single-variable-calculus-fall-2010/ 
Citation: Jerison, David. 18.01SC Single Variable Calculus,Fall 2010. 
(Massachusetts Institute of Technology: MIT OpenCourseWare), http://ocw.mit.edu 
(Accessed 16 Jan, 2013). License: Creative Commons BY-NC-SA 

3. Highlights of Calculus by Dr. Gilbert Strang from MIT OpenCourseWare 
o View lectures at 

http://ocw.mit.edu/high-school/courses/highlights-of-calculus/index.htm 

4. University of British Columbia Calculus Online Interactive Text 
o View online at 

http://www.ugrad.math.ubc.ca/coursedoc/math100/notes/index.html 

5. UCCP Open Access AP Calculus AB by the Regents of the University of 
California/University of California Online Academy 

o View lectures at http://www.ucopenaccess.org/course/view.php?id=68 

6. Free, open and online teaching and learning platform covering the concepts from Grade 12 
Advanced Functions (Pre-Calculus) and Grade 12 Calculus and Vectors by the Centre for 
Education in Mathematics and Computing, University of Waterloo: 
http://courseware.cemc.uwaterloo.ca/ 

http://www.la-citadelle.com/courses/calculus/
http://ocw.mit.edu/courses/mathematics/18-01sc-single-variable-calculus-fall-2010/
http://ocw.mit.edu/
http://ocw.mit.edu/high-school/courses/highlights-of-calculus/index.htm
http://www.ugrad.math.ubc.ca/coursedoc/math100/notes/index.html
http://www.ucopenaccess.org/course/view.php?id=68
http://courseware.cemc.uwaterloo.ca/

