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1. Use standard differentiation and integration techniques 

a. Differentiation techniques 

i. If f has the constant value xxf =)( , then .0)( == c
dx
d

dx
df  

ii. (Power rule) If n is an integer (not zero), then .)( 1−= nn nxx
dx
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iii. If u is a differentiable function of x, and c is a constant, then 
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iv. If u and v are differentiable functions of x, then their sum u + v is 
differentiable at every point where u and v are both differentiable.  At such 

points, 
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v. (Product rule) If u and v are differentiable functions of x, then so is their 

product uv, and 
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vi. (Quotient rule) If u and v are differentiable functions of x and if 
0)( ≠xv , then the quotient vu / is differentiable at x, and 

2)(
v

dx
dvu

dx
duv

v
u

dx
d −

= . 

Section 3.2 
 

b. Integration techniques 
i. Basic formulas 

ii. Simplifying substitution 
iii. Completing the square 
iv. Expanding power and using Trigonometric identity 
v. Eliminating square root 

vi. Separating a fraction 
vii. Multiplying by a form of 1  

Section 8.1 
2. Make numerical approximations of derivatives and integrals 
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a. Numerical approximation of the derivative – Calculate 
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 where x0 

is the point in question and x1 is some point close to x0. 
Section 2.1 

b. Numerical approximation of the integral – Calculate the partial sum , 

instead of the infinite sum. 
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Section 5.1 
3. Analyze the behavior of a function (e.g., find relative (local) maxima and minima, 

concavity) 
a. Definition of relative (local) maxima and minima 

i. A function f has a local maximum value at an interior point c of its domain 
if )()( cfxf ≤  for all x in some open interval containing c. 

ii. A function f has a local minimum value at an interior point c of its domain 
if )()( cfxf ≥  for all x in some open interval containing c. 

Section 4.1 
b. The First Derivative Theorem for Local Extreme Values – If f has a local 

maximum or minimum value at an interior point c of its domain, and if f ′ is 
defined at c, then 0)( =′ cf . 

Section 4.1 
c. An interior point of the domain of a function f where f ′ is zero or undefined is a 

critical point of f. 
Section 4.1 

d. First Derivative Test for Local Extrema – Suppose that c is a critical point of a 
continuous function f, and that f is differentiable at every point in some interval 
containing c except possibly at c itself.  Moving across c from left to right, 

i. if f ′ changes from negative to positive at c then f has a local minimum at 
c; 

ii. if f ′ changes from positive to negative at c then f has a local maximum at 
c; 

iii. if f ′ does not change sign at c, then f has no local extremum at c. 
Section 4.3 

e. The graph of a differentiable function )(xfy = is  
i. concave up on an open interval I if f ′ is increasing on I 

ii. concave down on an open I if f ′ is decreasing on I. 
Section 4.4 

f. The Second Derivative Test for Concavity – Let )(xfy = be twice-differentiable 
on an interval I. 

i. If 0>′′f on I, the graph of f over I is concave up. 
ii. If 0<′′f on I, the graph of f over I is concave down. 

Section 4.4 
g. The Second Derivative Test for Local Extrema – Suppose f ′′ is continuous on an 

open interval that contains cx = . 
i. If 0)( =′ cf and 0)( <′′ cf , then f has a local maximum at cx = . 

ii. If 0)( =′ cf and 0)( >′′ cf , then f has a local minimum at cx = . 
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iii. If 0)( =′ cf and 0)( =′′ cf , then the test fails.  It could have a local 
maximum, minimum or neither. 

Section 4.4 
4. Solve problems involving related rates, rates of change, approximation of roots of a 

function 
a. Related Rates Strategy 

i. Draw a picture.  Use t for time.  Assume that all variables are 
differentiable functions of t. 

ii. Write down the numerical information (in terms of the symbols you have 
chosen). 

iii. Write down what you are asked to find (usually a rate, expressed as a 
derivative). 

iv. Write an equation that relates the variables.  You may have to combine 
two or more equations to get a single equation that relates the variable 
whose rate you want to the variables whose rates you know. 

v. Differentiate with respect to t.  Then express the rate you want in terms of 
the rate and variables whose values you know. 

vi. Evaluate.  Use known values to find the unknown rate. 
Section 3.7 

b. Rates of Change 
i. The instantaneous rate of change of f with respect to x at x0 is the 

derivative 
h
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 provided the limit exists. 

ii. Velocity (instantaneous velocity) is the derivative of position with respect 
to time. 

iii. Speed is the absolute value of velocity. 
iv. Acceleration is the derivative of velocity with respect to time. 
v. Jerk is the derivative of acceleration with respect to time. 

vi. In a manufacturing operation, the cost of production c(x) is a function of x, 
the number of units produced.  The marginal cost of production is the rate 
of change of cost with respect to level production, so it is dxdc / . 

Section 3.3 
c. Approximation of Roots - Newton’s Method 

i. Guess a first approximation to a solution of the equation 0)( =xf .  A 
graph of )(xfy =  may help. 

ii. Use the first approximation to get a second, the second to get a third, and 

so on, using the formula 
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Section 4.7 
5. Solve applied minima/maxima problems (optimization problems) 

a. Read the problem.  Read the problem until you understand it.  What is given?  
What is the unknown quantity to be optimized? 

b. Draw a picture.  Label any part that may be important to the problem. 
c. Introduce variables.  List every relation in the picture and in the problem as an 

equation or algebraic expression, and identify the unknown variable. 
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d. Write an equation for the unknown quantity.  If you can, express the unknown as 
a function of a single variable or in two equations in two unknowns.  This may 
require considerable manipulation. 

e. Test the critical points and endpoints in the domain of the unknown.  Use what 
you know about the shape of the function’s graph.  Use the first and second 
derivatives to identify and classify the function’s critical points. 

Section 4.5 
6. Understand and be able to use the Mean Value Theorem and the Fundamental Theorem 

of Calculus 
a. Mean Value Theorem – Suppose )(xfy =  is continuous on a closed interval [a, 

b] and differentiable on the interval’s interior (a, b).  Then there is at least one 

point c in (a, b) at which )()()( cf
ab

afbf ′=
−
− . 

Section 4.2 
b. Fundamental Theorem of Calculus 

i.  If f is continuous on [a, b] then ∫=
x

a
dttfxF )()( is continuous on [a, b] 

and differentiable on (a, b) and its derivative is f(x); 
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ii. If f is continuous at every point of [a, b] and F is any antiderivative of f on 

[a, b], then . ∫ −=
b

a
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Section 5.4 
7. Demonstrate an intuitive understanding of the process of integration 

Section 5.1 
8. Evaluate improper Integrals 

a. Infinite Limits of Integration 

i. Upper limit -  ∫ ∫
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iii. Both limits -  ∫∫ ∫ ∞→
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b. Integrand Becomes Infinite 

i. Upper endpoint -  ∫ ∫−→
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ii. Lower endpoint -  ∫ ∫+→
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iii. Interior point -  ∫∫ ∫ +=
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