
Exercise walk-through

5.6
Determining Concavity of
Functions over Their Domains

AP Calculus BC



Analytical Applications of Differentiation
Concavity

Concavity and points of inflection

The second derivative describes bending:
f′′ > 0: concave up (f′ increasing)
f′′ < 0: concave down (f′ decreasing)

A point of inflection is where f′′ changes sign – not merely where f′′ = 0.



Analytical Applications of Differentiation
Concavity

Concavity and points of inflection, in detail

inflection point
(f ′′ changes sign)

concave down
f ′′ < 0

concave up
f ′′ > 0

inflection: f ′′ changes sign (so f ′′ = 0 alone is not enough)

Concavity comes from the sign of the second derivative; it flips at an inflection
point



Analytical Applications of Differentiation
Concavity

The second derivative test

An alternative at a critical point c with
f′(c) = 0:

f′′(c) > 0 ⇒ local minimum

f′′(c) < 0 ⇒ local maximum

f′′(c) = 0 ⇒ inconclusive

If f′′(c) = 0, fall back on the first
derivative test.

Special case: if a continuous function
has only one critical point on an interval
and it is a local extremum, it is the
absolute extremum there.



Analytical Applications of Differentiation
Concavity

Connecting f, f′ and f′′

A very common setup: you are given the graph of f′ and asked about f.

f increasing ⇔ f′ above the axis f has a local max ⇔
f′ crosses + → −

f concave up ⇔ f′ increasing f has an inflection ⇔
f′ has a local extremum

Answer questions about f using the height and slope of the f′ graph.
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Exercises 2.1·2.3

AP CALCULUS BC • EXERCISE SHEET

5.6 Concavity and Points of
Inflection

Name: Class: Date: Total: 9 marks

KEY WORDS concave down下凹 • concave up上凹 • concavity凹凸性 • inflection point拐点

Objective
Build the skills to answer exam questions on determining concavity.

You must be able to:

• use the sign of f ′′ to find concavity 凹凸性
• identify an inflection point 拐点

1 Key knowledge and worked examples
Study these first. Each one shows the method for a question type used later.

Concavity
• f is concave up where f ′′ > 0;
• f is concave down where f ′′ < 0.

An inflection point is where concavity changes (and f ′′ changes sign).

Example
f(x) = x3: f ′′(x) = 6x, which is > 0 for x > 0; the inflection point is at x = 0.

2 Practice
2.1 State where f is concave up. [1]

2.2 For f(x) = x3, find f ′′ and where it is concave up. [2]

AP Calculus BC • 5.6 Concavity and Points of Inflection 1

AP CALCULUS BC • EXERCISE SHEET

5.6 Concavity and Points of
Inflection

Name: Class: Date: Total: 9 marks

KEY WORDS concave down下凹 • concave up上凹 • concavity凹凸性 • inflection point拐点

Objective
Build the skills to answer exam questions on determining concavity.

You must be able to:

• use the sign of f ′′ to find concavity 凹凸性
• identify an inflection point 拐点

1 Key knowledge and worked examples
Study these first. Each one shows the method for a question type used later.

Concavity
• f is concave up where f ′′ > 0;
• f is concave down where f ′′ < 0.

An inflection point is where concavity changes (and f ′′ changes sign).

Example
f(x) = x3: f ′′(x) = 6x, which is > 0 for x > 0; the inflection point is at x = 0.

2 Practice
2.1 State where f is concave up. [1]

2.2 For f(x) = x3, find f ′′ and where it is concave up. [2]

AP Calculus BC • 5.6 Concavity and Points of Inflection 1
2.3 State what an inflection point is. [1]

3 Exam-style questions
3.1 f is concave up where [1]

A f ′ > 0

B f ′′ > 0

C f ′′ < 0

D f = 0

3.2 An inflection point is where [1]

A f ′ = 0

B concavity changes
C f = 0

D f ′′ is constant

3.3 f(x) = x3.

(a) Find f ′′(x). [1]

(b) State where f ′′ > 0. [1]

(c) State the inflection point. [1]
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Solutions
Each answer shows the steps, then the result.

2.1

• where f ′′ > 0

2.2

• f ′′(x) = 6x; concave up for x > 0

2.3

• a point where concavity changes (from up to down or vice versa)

3.1 B

• f ′′ > 0.

3.2 B

• concavity changes.

3.3

(a)

• 6x

(b)

• x > 0

(c)

• x = 0
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3.3

(a)
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2.3 State what an inflection point is. [1]
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AP Calculus BC

Exercise 3.3 (a)

2.3 State what an inflection point is. [1]
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Exercise 3.3 (a)
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Each answer shows the steps, then the result.
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3.1 B

• f ′′ > 0.
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• concavity changes.

3.3

(a)

• 6x

(b)

• x > 0

(c)

• x = 0
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AP Calculus BC

Exercise 3.3 (b)

2.3 State what an inflection point is. [1]

3 Exam-style questions
3.1 f is concave up where [1]

A f ′ > 0

B f ′′ > 0

C f ′′ < 0

D f = 0

3.2 An inflection point is where [1]

A f ′ = 0

B concavity changes
C f = 0

D f ′′ is constant

3.3 f(x) = x3.

(a) Find f ′′(x). [1]

(b) State where f ′′ > 0. [1]

(c) State the inflection point. [1]
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Exercise 3.3 (b)
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Solutions
Each answer shows the steps, then the result.
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2.2

• f ′′(x) = 6x; concave up for x > 0

2.3

• a point where concavity changes (from up to down or vice versa)

3.1 B

• f ′′ > 0.

3.2 B

• concavity changes.

3.3

(a)

• 6x

(b)

• x > 0

(c)

• x = 0
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Exercise 3.3 (c)

2.3 State what an inflection point is. [1]

3 Exam-style questions
3.1 f is concave up where [1]

A f ′ > 0

B f ′′ > 0

C f ′′ < 0

D f = 0

3.2 An inflection point is where [1]

A f ′ = 0

B concavity changes
C f = 0

D f ′′ is constant

3.3 f(x) = x3.

(a) Find f ′′(x). [1]

(b) State where f ′′ > 0. [1]

(c) State the inflection point. [1]
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