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Overview

• One of the most important applications of the derivative is its use 
as a tool for finding the optimal (best) solutions to problems. 

• Optimization problems abound in mathematics, physical science 
and engineering, business and economics, and biology and 
medicine.
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Extreme value of functions
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Example
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Maximum and minimum points
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Local extreme values
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Finding extreme
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Example
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First derivative  to find extreme values :

𝑓′ 𝑥 = 0

𝑓′ 𝑥 = 4𝑥3 − 12𝑥2 = 4𝑥2 𝑥 − 3 = 0

𝑥 = 3Therefore, the extreme values are :                 and       𝑥 = 0

0 3

𝑓′ 𝑥 < 0𝑓′ 𝑥 < 0 𝑓′ 𝑥 > 0

f(x) is decreasing f(x) is decreasing f(x) is increasing



Second derivative test for local extreme
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Example
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First derivative (extreme values) :

𝑓′ 𝑥 = 4𝑥3 − 12𝑥2 = 4𝑥2 𝑥 − 3 = 0

𝑥 = 3Therefore, the extreme are :                 and       𝑥 = 0

Second derivative:

𝑓′′ 𝑥 = 12𝑥2 − 24𝑥

𝑓′′ 0 = 0

𝑓′′ 3 = 36 𝑥 = 3 is the minimum point

𝑥 = 0 is neither the minimum point nor the maximum point

0 3

𝑓′ 𝑥 < 0𝑓′ 𝑥 < 0 𝑓′ 𝑥 > 0

f(x) is decreasing f(x) is decreasing f(x) is increasing



Example (cont’d)

is minimum at x = 3 and the minimum value is:

𝑓 3 = 34 − 4 × 33 + 10 = −17

Therefore, the minimum point is (3,-17).



Example (cont’d)

120 3

𝑓′ 𝑥 < 0𝑓′ 𝑥 < 0 𝑓′ 𝑥 > 0

f(x) is decreasing f(x) is decreasing f(x) is increasing

The minimum point is (3,-17).
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