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5.3 Cont. Connecting f’ and f’’ with the Graph of f
Topics
v First Derivative Test for Local Extrema
v Concavity
v Points of Inflection
v Second Derivative Test for Local Extrema
v Learning about Functions from Derivatives

Warm Up!
'
Find all points of inflection of the graph of 𝑓 𝑥 = 𝑒 %& .

Formulas to Remember
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Connecting Graphs

Example 1: Multiple Choice
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f ’’(x)
f ’(x)

f ’(x)

5

Example 2: Connecting Graphs
Consider the graph of 𝑓′, the derivative of 𝑦 = 𝑓(𝑥) defined on the domain −9 < 𝑥 < 9.
Justify your responses.
a.

For what values of x does f have a relative minimum?

b.

For what values of x does f have a relative maximum?

c.

Determine the open intervals where the graph of f is concave downwards.

d.

Sketch the graph of f on the interval
−9, 9 if 𝑓 0 = 0. Show the analysis
that leads to your conclusion.
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Example 3: Multiple Choice Practice
1.

Given the graph of 𝑦 = 𝑔 𝑥 , estimate the value of 𝑔’(2).

2.

At which point A, B, C, D, or E on the graph of 𝑦 = 𝑓(𝑥) are both 𝑦′ and 𝑦′′ positive?

3.

Given the graph of ℎ′(𝑥), which of the following statements are true about the graph of
h?
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Example 4: Free Response Practice
The graph of the function f is shown in the figure. Justify your
responses.
a.
Estimate 𝑓′(0).

b.

On what open intervals is f increasing?

c.

On what open intervals is f concave downwards?

d.

What are the critical numbers of f?

e.

Sketch the graph of 𝑓′.
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Example 5
Let the graph of 𝑓 5 𝑥 be given below. Find
a.

The x-coordinate of each inflection point of f.

b.

Where the graph of f is concave up and is concave down.

2013 AB4 – omit b. (No Calculator)
2003 AB4 – parts a-c. (No Calculator)
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5.3 Cont. PVA & Rectilinear Motion
Topics
v Position, Velocity, Acceleration Applications
v Rectilinear Motion

Warm Up!
Explain how the position function 𝑠(𝑡), the velocity function 𝑣(𝑡), and the acceleration
function 𝑎(𝑡) are all related.

Example 1: Using Graphs
The graph of the position function 𝑦 = 𝑠(𝑡) of a particle moving along a line is given. Estimate
when: (justify your responses).
a.
v(t) = 0
b.

a(t) = 0?

c.

The particle moving left?

d.

The particle moving right?

e.

The particle speeding up?

f.

The particle slowing down?
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g.

v(t) = 0

h.

a(t) = 0?

i.

The particle moving left?

j.

The particle moving right?

l.

The particle slowing down?

k.

The particle speeding up?

Example 2: Studying Motion Along a Line
A particle is moving along the x-axis with the position function provided below. Find when:
(justify your responses).
𝑥 𝑡 = 2𝑡 : − 14𝑡 = + 22𝑡 − 5
a.

v(t) = 0

b.

a(t) = 0?

c.

The particle moving left?

d.

The particle moving right?

e.

The particle speeding up?

f.

The particle slowing down?
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𝑥 𝑡 = 𝑡 : − 3𝑡 + 3
g.

v(t) = 0

h.

a(t) = 0?

i.

The particle moving left?

j.

The particle moving right?

k.

The particle speeding up?

l.

The particle slowing down?

𝑥 𝑡 = 6 − 2𝑡 − 𝑡 =
m.

v(t) = 0

n.

a(t) = 0?

o.

The particle moving left?

p.

The particle moving right?

q.

The particle speeding up?

r.

The particle slowing down?
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5.4 Modeling and Optimization
Topics
v Examples from Mathematics
v Examples from Business & Industry
v Examples from Economics

Warm Up!
For a, use the First Derivative Test to identify the local extrema of 𝑓(𝑥). For b, use the Second
Derivative Test to identify the local extrema of ℎ(𝑥).
a.
𝑓 𝑥 = 𝑥 : − 6𝑥 = + 12𝑥 − 8
b.
ℎ 𝑥 = 2𝑥 : + 3𝑥 = − 12𝑥 − 3

Optimization
One of the oldest applications of Differential Calculus was to find maximum and
minimum values of functions by finding where horizontal tangent lines might occur. We
will use both algebraic and graphical methods in this section to solve “max-min”
problems in a variety of contexts, but the emphasis will be on the modeling process that
both methods have in common.
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Strategy for Solving Max-Min Problems
1. _______________ the problem. Read the problem carefully. Identify the
information you need to solve the problem.
2. Develop a Mathematical __________ of the problem. Draw pictures and label the
parts that are important to the problem. Introduce a variable to represent the
quantity to be maximized or minimized. Using that variable, write a function whose
extreme value gives the information sought.
3. _________ the Function. Find the domain of the function. Determine what values
of the variable make sense in the problem.
4. Identify the ___________ Points and _____________. Find where the derivative is
zero or fails to exist.
5. __________ the Mathematical Model. If unsure of the result, support or confirm
your solution with another method.
6. ____________ the Solution. Translate your mathematical result into the problem
setting and decide whether the result makes sense.
_____________ Equation: is what you are trying to maximize or minimize.
_____________ Equation: an equation that helps you get to 1 variable.
Example 1: Using the Strategy
Use the information to solve the problem
a.
Find two numbers whose sum is 20 and whose product is as large as possible.
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b.

A rectangle is to be inscribed under one arch of the sine curve. What is the largest area
the rectangle can have, and what dimensions give that area?

c.

Find 2 positive numbers that satisfy the given requirements: The second number is the
reciprocal of the first and the sum is a minimum.
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d.

I have 100 ft of fence to make a rectangular dog pen, what is the maximum area I can
construct?

Example 2: Fabricating a box
Use the information to solve
a.

A box with a square base with no top has a surface area of 108 square feet. Find the
dimensions that will maximize the volume. [Be sure to use calculus]
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b.

An open-top box is to be made by cutting congruent squares of side length x from the
corners of a 20- by 25-inch sheet of tin and bending up the sides. How large should the
squares be to make the box hold as much as possible? What is the resulting maximum
volume?

Example 3: Graphical Example
Use the information to solve
a.

What points on the graph 𝑦 = 4 − 𝑥 = are the closest to the point (0, 2)?
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