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Sections 4.1 & 4.2

Some of the most important applications of differential calculus are optimization problems, in which we are required to
find optimal (best) way of doing something,

These problems can be reduced to finding the maximum or minimum values of a function.

Definition Let f be a function with domain D, A function f has an absolute maximum (or global maximum)
at c if f{c} = f{x] for all x m . The number f[c} is called the maximum value of fon D,

Similarly, fhasan absolute minimum at ¢ if f(c] Ef{x] for all x in D, The number _f[c']is
called the minimum value of fon D

Note
o The maximun and minimum values of § are called the extreme values of 7
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Definition A function  has a local maximum (or relative maximum) atc if f{c} e {.1:} when x is near ¢,
( This means __f'{c} = f{x} for all x in some open interval containing ¢.) The number (¢ )is called
a local maximum value of /. Similarly, / has a local minimum (or relative minimum) at ¢ 1if
f{cj if{xj when x is near ¢. The number [ {C}is called a local minimum value of f.
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Fermat's Theorem { The First Derivative Theorem for Local Extreme Values) (4.1)

This theorem says that a function’s derivative is always zero at an interior point where the function has a local extreme
value and the derivative is defined.

Hypothesis: [ is a function
¢ is an interior point of the domain of
[ has a local minimum or maximuwm value at o

£(c) exists

Conclusion:  ¢"(c) =0

MNotes:
» Fermat's Theorem says that a function’s derivative is always zero at an [nferfor point where the function has a
local exireme value and the derivative is defined.

# The Converse of the Fermat's Theorem is false in general:

.,1 o
If f'(c)=0,c is not necessarily a maximum or minimum .
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» The only places where a function f can possibly have an extreme value { local or global) are:
o interior points where /=0,
o interior points where [ does not exist
o endpoints of the domain of the function.




MNote
* The main significance of the Mean Value Theorem is that it enables us to obtain information about a function
from its derivative.
Corollaries of the Mean Value Theorem

Corollary 1 Functions with Zero Derivatives Are Constant.

Corollary 2 Functions with the Same Derivative Differ by a Constant.
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Section 4.1 — Exercises

141 -#1 -8)
Find the extreme values and where they oceur.
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[ Esercises T=10, Find the extreime values and where they ovcur.
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