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Section 4.1 – Maximum and Minimum Values 

- Increasing function 

𝑓 is increasing on an interval 𝐼 if 𝑓(𝑥1) < 𝑓(𝑥2) whenever 𝑥1 < 𝑥2 in 𝐼 

- Decreasing function 

𝑓 is decreasing on an interval 𝐼 if 𝑓(𝑥1) > 𝑓(𝑥2) whenever 𝑥1 < 𝑥2 in 𝐼 

 

 

 

 

 

 

 

 
 

- Extrema of a function 

Local Absolute 

Maximum Minimum Maximum Minimum 

Let 𝑐 be a number in 

the domain 𝐷 of a 

function 𝑓. Then  𝑓(𝑐) 

is a 

• local maximum value 

of 𝑓 if 𝑓(𝑐) ≥ 𝑓(𝑥) 

when 𝑥 is near 𝑐. 

Let 𝑐 be a number in 

the domain 𝐷 of a 

function 𝑓. Then  𝑓(𝑐) 

is a 

• local minimum value 

of 𝑓 if 𝑓(𝑐) ≤ 𝑓(𝑥) 

when 𝑥 is near 𝑐. 

Let 𝑐 be a number in 

the domain 𝐷 of a 

function 𝑓. Then 

𝑓(𝑐) is the 

• absolute maximum 

value of 𝑓 on 𝐷 if 

𝑓(𝑐) ≥ 𝑓(𝑥) for all 𝑥 

in 𝐷. 

Let 𝑐 be a number in 

the domain 𝐷 of a 

function 𝑓. Then 

𝑓(𝑐) is the 

• absolute minimum 

value of 𝑓 on 𝐷 if 

𝑓(𝑐) ≤ 𝑓(𝑥) for all 𝑥 

in 𝐷. 
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- The Extreme Value Theorem:  

If 𝑓 is continuous on a closed interval [𝑎, 𝑏], then 𝑓 attains an absolute maximum value 𝑓(𝑐) 

and an absolute minimum value 𝑓(𝑑) at some numbers 𝑐 and 𝑑 in [𝑎, 𝑏]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

- Fermat’s Theorem:  

If 𝑓 has a local maximum or minimum at 𝑐, and if 𝑓′(𝑐) exists, then 𝑓′(𝑐) = 0. 
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- A critical number of a function 𝑓 is a number 𝑐 in the domain of 𝑓 such that either 

𝑓′(𝑐) = 0 or 𝑓′(𝑐) does not exist. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 لاحظ

If 𝑓 has a local maximum or minimum at 𝑐, then 𝑐 is a critical number of 𝑓. 

Example 1 

Find the critical numbers of 𝑓(𝑥) = 𝑥3/5(4 − 𝑥). 

Solution 
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- The Closed interval Method  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Example 2 

Find the absolute maximum and minimum values of the function 

𝑓(𝑥) = 𝑥3 − 3𝑥2 + 1  −
1

2
≤ 𝑥 ≤ 4 

Solution 
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Problems 

- For each of the numbers 𝒂, 𝒃, 𝒄, 𝒅, 𝒓, and 𝒔, state whether the function 

whose graph is shown has an absolute maximum or minimum, a local 

maximum or minimum, or neither a maximum nor a minimum. 

 

 

 

 

 

 

 

 

 

- Use the graph to state the absolute and local maximum and minimum values 

of the function. 
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- Sketch the graph of a function 𝒇 that is continuous on [𝟏, 𝟓] and has the given 

properties: Absolute maximum at 𝟓, absolute minimum at 𝟐, local maximum 

at 𝟑, local minima at 𝟐 and 𝟒 

 

 

 

 

 

 

 

 

 

 

- (a) Sketch the graph of a function on [−𝟏, 𝟐] that has an absolute maximum 

but no absolute minimum. 

 

 

 

 

 

(b) Sketch the graph of a function on [−𝟏, 𝟐] that is discontinuous but has both 

an absolute maximum and an absolute minimum. 
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- Find the critical numbers of the function. 

(a) 𝒈(𝒙) = √𝟒 − 𝒙𝟐
𝟑

 

 

 

 

 

 

 

 

 

 

 

 

(b) 𝒇(𝜽) = 𝟐𝐜𝐨𝐬𝜽 + 𝐬𝐢𝐧𝟐 𝜽 
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(c) 𝒇(𝒙) = 𝒙𝟐𝒆−𝟑𝒙 
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- Find the absolute maximum and absolute minimum values of 𝒇 on the given 

interval. 

(a) 𝒇(𝒙) = 𝟐𝒙𝟑 − 𝟑𝒙𝟐 − 𝟏𝟐𝒙 + 𝟏,  [−𝟐, 𝟑] 
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(b) 𝒇(𝒙) = 𝒙−𝟐 𝐥𝐧 𝒙,  [
𝟏

𝟐
, 𝟒]  
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(c) 𝒇(𝒙) = 𝒙𝒆𝒙/𝟐,  [−𝟑, 𝟏] 

 

 

 

 

 

 

 

 

 


