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Analytical Applications of Differentiation
Critical points

Extreme values and critical points

The Extreme Value
Theorem : a function
continuous on a closed interval
attains both an absolute max and
an absolute min. A critical
point is an interior point
where f′(x) = 0 or f′ does not
exist.

Garden fence



At a differentiable interior extremum the derivative is zero
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At a differentiable interior extremum the derivative is zero



Analytical Applications of Differentiation
Critical points

Increasing and decreasing intervals

The first derivative says where f rises or falls:

f′(x) > 0 ⇒ f is increasing
f′(x) < 0 ⇒ f is decreasing

Mountain extrema



Analytical Applications of Differentiation
Critical points

The first derivative test

Classify a critical point c by how f′ changes sign there:

f′ turns + → −
local maximum

f′ turns − → +

local minimum
f′ does not change sign

neither

Always state the sign change as your justification.



Analytical Applications of Differentiation
Critical points

Read a derivative graph to describe the function
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Your turn
The graph is
f′(x) = 3x2 − 6x on
(−1, 3). Where is f
increasing or decreasing?
Classify the critical points
and justify each answer.

The vertical coordinate is f′, not f. Use the sign on each interval.
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AP CALCULUS AB • EXERCISE SHEET

5.2 Extreme Values and Critical
Points

Name: Class: Date: Total: 9 marks

KEY WORDS critical point临界点 • extreme value theorem极值定理

Objective
Build the skills to answer exam questions on the Extreme Value Theorem and crit-
ical points.

You must be able to:

• state the Extreme Value Theorem 极值定理
• find the critical points 临界点 of a function

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

EVT and critical points
Extreme Value Theorem: a function continuous on a closed interval [a, b] attains
a global maximum and minimum.

Critical points are where f ′(x) = 0 or f ′ does not exist – the candidates for local
extrema.

Example
f(x) = x2 − 4x: f ′(x) = 2x− 4 = 0 gives the critical point x = 2.

2 Practice
2.1 State the Extreme Value Theorem. [1]

2.2 State what a critical point is. [1]
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2.3 Find the critical point of f(x) = x2 − 4x. [2]

3 Exam-style questions
3.1 A critical point occurs where [1]

A f = 0

B f ′ = 0 or f ′ does not exist
C f ′′ = 0

D x = 0

3.2 The EVT guarantees extrema when f is continuous on [1]

A an open interval
B a closed interval
C all real numbers
D no interval

3.3 f(x) = x2 − 6x.

(a) Find f ′(x). [1]

(b) Set f ′ = 0. [1]

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

2.1

• a function continuous on a closed interval attains a global max and min

2.2

• a point where f ′ = 0 or f ′ does not exist

2.3

• f ′(x) = 2x− 4 = 0, so x = 2

3.1 B

• f ′ = 0 or f ′ does not exist.

3.2 B

• a closed interval.

3.3

(a)

• 2x− 6

(b)

• 2x− 6 = 0

(c)

• x = 3

AP Calculus AB • 5.2 Extreme Values and Critical Points 3

AP CALCULUS AB • EXERCISE SHEET

5.2 Extreme Values and Critical
Points

Name: Class: Date: Total: 9 marks

KEY WORDS critical point临界点 • extreme value theorem极值定理

Objective
Build the skills to answer exam questions on the Extreme Value Theorem and crit-
ical points.

You must be able to:

• state the Extreme Value Theorem 极值定理
• find the critical points 临界点 of a function

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

EVT and critical points
Extreme Value Theorem: a function continuous on a closed interval [a, b] attains
a global maximum and minimum.

Critical points are where f ′(x) = 0 or f ′ does not exist – the candidates for local
extrema.

Example
f(x) = x2 − 4x: f ′(x) = 2x− 4 = 0 gives the critical point x = 2.

2 Practice
2.1 State the Extreme Value Theorem. [1]

2.2 State what a critical point is. [1]

AP Calculus AB • 5.2 Extreme Values and Critical Points 1

Solutions
Each answer shows the steps, then the result.

2.1

• a function continuous on a closed interval attains a global max and min

2.2

• a point where f ′ = 0 or f ′ does not exist

2.3

• f ′(x) = 2x− 4 = 0, so x = 2

3.1 B

• f ′ = 0 or f ′ does not exist.

3.2 B

• a closed interval.

3.3

(a)

• 2x− 6

(b)

• 2x− 6 = 0

(c)

• x = 3

AP Calculus AB • 5.2 Extreme Values and Critical Points 3

2.3 Find the critical point of f(x) = x2 − 4x. [2]

3 Exam-style questions
3.1 A critical point occurs where [1]

A f = 0

B f ′ = 0 or f ′ does not exist
C f ′′ = 0

D x = 0

3.2 The EVT guarantees extrema when f is continuous on [1]

A an open interval
B a closed interval
C all real numbers
D no interval

3.3 f(x) = x2 − 6x.

(a) Find f ′(x). [1]

(b) Set f ′ = 0. [1]

(c) State the critical point. [1]

AP Calculus AB • 5.2 Extreme Values and Critical Points 2

Solutions
Each answer shows the steps, then the result.

2.1

• a function continuous on a closed interval attains a global max and min

2.2

• a point where f ′ = 0 or f ′ does not exist

2.3

• f ′(x) = 2x− 4 = 0, so x = 2

3.1 B

• f ′ = 0 or f ′ does not exist.

3.2 B

• a closed interval.

3.3

(a)

• 2x− 6

(b)

• 2x− 6 = 0

(c)

• x = 3

AP Calculus AB • 5.2 Extreme Values and Critical Points 3



AP Calculus AB

Exercises 3.1·3.2

2.3 Find the critical point of f(x) = x2 − 4x. [2]

3 Exam-style questions
3.1 A critical point occurs where [1]

A f = 0

B f ′ = 0 or f ′ does not exist
C f ′′ = 0

D x = 0

3.2 The EVT guarantees extrema when f is continuous on [1]

A an open interval
B a closed interval
C all real numbers
D no interval

3.3 f(x) = x2 − 6x.

(a) Find f ′(x). [1]

(b) Set f ′ = 0. [1]

(c) State the critical point. [1]

AP Calculus AB • 5.2 Extreme Values and Critical Points 2

2.3 Find the critical point of f(x) = x2 − 4x. [2]

3 Exam-style questions
3.1 A critical point occurs where [1]

A f = 0

B f ′ = 0 or f ′ does not exist
C f ′′ = 0

D x = 0

3.2 The EVT guarantees extrema when f is continuous on [1]

A an open interval
B a closed interval
C all real numbers
D no interval

3.3 f(x) = x2 − 6x.

(a) Find f ′(x). [1]

(b) Set f ′ = 0. [1]

(c) State the critical point. [1]

AP Calculus AB • 5.2 Extreme Values and Critical Points 2



AP Calculus AB

Exercises 3.1·3.2

2.3 Find the critical point of f(x) = x2 − 4x. [2]

3 Exam-style questions
3.1 A critical point occurs where [1]

A f = 0

B f ′ = 0 or f ′ does not exist
C f ′′ = 0

D x = 0

3.2 The EVT guarantees extrema when f is continuous on [1]

A an open interval
B a closed interval
C all real numbers
D no interval

3.3 f(x) = x2 − 6x.

(a) Find f ′(x). [1]

(b) Set f ′ = 0. [1]

(c) State the critical point. [1]

AP Calculus AB • 5.2 Extreme Values and Critical Points 2

Solutions
Each answer shows the steps, then the result.

2.1

• a function continuous on a closed interval attains a global max and min

2.2

• a point where f ′ = 0 or f ′ does not exist

2.3

• f ′(x) = 2x− 4 = 0, so x = 2

3.1 B

• f ′ = 0 or f ′ does not exist.

3.2 B

• a closed interval.

3.3

(a)

• 2x− 6

(b)

• 2x− 6 = 0

(c)

• x = 3

AP Calculus AB • 5.2 Extreme Values and Critical Points 3

2.3 Find the critical point of f(x) = x2 − 4x. [2]

3 Exam-style questions
3.1 A critical point occurs where [1]

A f = 0

B f ′ = 0 or f ′ does not exist
C f ′′ = 0

D x = 0

3.2 The EVT guarantees extrema when f is continuous on [1]

A an open interval
B a closed interval
C all real numbers
D no interval

3.3 f(x) = x2 − 6x.

(a) Find f ′(x). [1]

(b) Set f ′ = 0. [1]

(c) State the critical point. [1]

AP Calculus AB • 5.2 Extreme Values and Critical Points 2

Solutions
Each answer shows the steps, then the result.

2.1

• a function continuous on a closed interval attains a global max and min

2.2

• a point where f ′ = 0 or f ′ does not exist

2.3

• f ′(x) = 2x− 4 = 0, so x = 2

3.1 B

• f ′ = 0 or f ′ does not exist.

3.2 B

• a closed interval.

3.3

(a)

• 2x− 6

(b)

• 2x− 6 = 0

(c)

• x = 3

AP Calculus AB • 5.2 Extreme Values and Critical Points 3



AP Calculus AB

Exercise 3.3 (a)

2.3 Find the critical point of f(x) = x2 − 4x. [2]
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Exercise 3.3 (a)

2.3 Find the critical point of f(x) = x2 − 4x. [2]

3 Exam-style questions
3.1 A critical point occurs where [1]
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D x = 0
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A an open interval
B a closed interval
C all real numbers
D no interval

3.3 f(x) = x2 − 6x.

(a) Find f ′(x). [1]
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(c) State the critical point. [1]

AP Calculus AB • 5.2 Extreme Values and Critical Points 2

2.3 Find the critical point of f(x) = x2 − 4x. [2]

3 Exam-style questions
3.1 A critical point occurs where [1]

A f = 0

B f ′ = 0 or f ′ does not exist
C f ′′ = 0

D x = 0

3.2 The EVT guarantees extrema when f is continuous on [1]

A an open interval
B a closed interval
C all real numbers
D no interval

3.3 f(x) = x2 − 6x.

(a) Find f ′(x). [1]

(b) Set f ′ = 0. [1]

(c) State the critical point. [1]

AP Calculus AB • 5.2 Extreme Values and Critical Points 2

Solutions
Each answer shows the steps, then the result.

2.1

• a function continuous on a closed interval attains a global max and min

2.2

• a point where f ′ = 0 or f ′ does not exist

2.3

• f ′(x) = 2x− 4 = 0, so x = 2

3.1 B

• f ′ = 0 or f ′ does not exist.

3.2 B

• a closed interval.

3.3

(a)

• 2x− 6

(b)

• 2x− 6 = 0

(c)

• x = 3
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Exercise 3.3 (b)

2.3 Find the critical point of f(x) = x2 − 4x. [2]

3 Exam-style questions
3.1 A critical point occurs where [1]

A f = 0

B f ′ = 0 or f ′ does not exist
C f ′′ = 0

D x = 0

3.2 The EVT guarantees extrema when f is continuous on [1]

A an open interval
B a closed interval
C all real numbers
D no interval

3.3 f(x) = x2 − 6x.

(a) Find f ′(x). [1]

(b) Set f ′ = 0. [1]

(c) State the critical point. [1]
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Exercise 3.3 (b)

2.3 Find the critical point of f(x) = x2 − 4x. [2]
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D x = 0
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Solutions
Each answer shows the steps, then the result.

2.1

• a function continuous on a closed interval attains a global max and min

2.2

• a point where f ′ = 0 or f ′ does not exist

2.3

• f ′(x) = 2x− 4 = 0, so x = 2

3.1 B

• f ′ = 0 or f ′ does not exist.

3.2 B

• a closed interval.

3.3

(a)

• 2x− 6

(b)

• 2x− 6 = 0

(c)

• x = 3
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AP Calculus AB

Exercise 3.3 (c)

2.3 Find the critical point of f(x) = x2 − 4x. [2]

3 Exam-style questions
3.1 A critical point occurs where [1]

A f = 0

B f ′ = 0 or f ′ does not exist
C f ′′ = 0

D x = 0

3.2 The EVT guarantees extrema when f is continuous on [1]

A an open interval
B a closed interval
C all real numbers
D no interval

3.3 f(x) = x2 − 6x.

(a) Find f ′(x). [1]

(b) Set f ′ = 0. [1]

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

2.1

• a function continuous on a closed interval attains a global max and min

2.2

• a point where f ′ = 0 or f ′ does not exist

2.3

• f ′(x) = 2x− 4 = 0, so x = 2

3.1 B

• f ′ = 0 or f ′ does not exist.

3.2 B

• a closed interval.

3.3

(a)

• 2x− 6

(b)

• 2x− 6 = 0

(c)

• x = 3
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