Chapter 3 - Applications of Differentiation

3.1 - Extrema on an Interval

® What will you learn? ®

 Understand the definition of extrema of a function on an interval.
« Understand the definition of relative extrema of a function on an open interval.
* Find the extrema on a closed interval.



Extrema of a Function

In calculus much effort is devoted to determining the behavior
of a function on an interval /.

Does fhave a value on [?
Does it have a ?

Where is it ?

Where is it ?

Definition of Extrema

Let fbe defined on an interval / containing c.

1. f(c) is the minimum of fon /if f(c) < f(x) forall xin/
2. f(c) is the maximum of fon I if f(c) 2 f(x) forall xin/

The minimum and maximum of a function on an interval are the
, or extrema, of the function on the interval.

The minimum and maximum of a function on an interval are also

called the absolute minimum and absolute maximum on the

interval.
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A function need not have a max or min on an interval



The Extreme Value Theorem

If f is continuous on a closed interval [a,b],
then f has both a minimum and a maximum
on the interval.




Relative Extrema and Critical Numbers

f(x) = x* - 3x*
Informally, you can think of a relative max as occurring on a "hill"
y and a relative min as occurring in a "valley'
Hill
(0,0)
-1 1 2 X
! If the hill or valley is smooth and rounded, the
) graph has a horizontal tangent line at that
point.
-3 If the hill or valley is sharp and peaked, the
4 . (24) graph represents a function that is not
’ differentiable at that point.

Valley

relative maximum at (0,0)
relative minimum at (2, -4)



Definition of Relative Extrema

1. If there is an open interval containing ¢ on which f(c) is a
maximum, then f(c) is called a relative maximum of f,
or you can say that f has a maximum at (c, f(c)).

2. If there is an open interval containing ¢ on which f(c) is a
minimum, then f(c) is called a relative minimum of f,
or you can say that f has a minimum at (c, f(c)).

Example 1 - The Value of the Derivative at a Relative Extrema
Find the value of the derivative at each of the relative extrema.

a)  fp=2
5 .(3,2)
2 4 6 «x
-2
b.) f(x)=|x|
1.2 3 X

c.) f(x) =sin x




Definition of a Critical Number

Let f be defined at c.

If f(c)=0orif f is not differentiable at c,
then c is a critical number of f.

y, f'(C) DNE y“ fl(C) = O

Horizontal tangent

:X c

Theorem
Relative Extrema Occur Only at Critical Points

If f has a relative minimum or relative maximum at x = ¢,
then c is a critical number of .




Finding Extrema on a Closed Interval

To find the extrema of a continuous function f on a closed interval [a,b],
use the following steps

1. Find the critical numbers of f on (a,b).
2. Evaluate f at each critical number in (a,b).
3. Evaluate f at each endpoint of [a,b].

4. The least of these values is the minimum.
The greatest of these values is the maximum.



Example 2 - Finding Extrema on a Closed Interval
Find the extrema of

f(x) = 3x* - 4x*  on the interval [-1, 2]



Example 3 - Finding the Extrema on a Closed Interval
Find the extrema of

f(x) = 2x - 3x**  on the interval [-1,3]



Example 4- Finding Extrema on Closed Interval

Find the extrema of

f(x) = 2 sin x - cos 2x

on the interval [1, 217]

10



	Page 1: Aug 23-10:32 AM
	Page 2: Aug 25-10:35 AM
	Page 3: Aug 29-11:04 AM
	Page 4: Aug 29-11:10 AM
	Page 5: Aug 29-11:19 AM
	Page 6: Aug 29-11:33 AM
	Page 7: Aug 29-1:32 PM
	Page 8: Aug 29-1:41 PM
	Page 9: Aug 29-1:43 PM
	Page 10: Aug 29-1:45 PM

