
 Section 4.1 Extreme Values

Learning Goals



Definitions
Local relative maximum

NY
y fix a g value f c such that

feel f x for near c

a peak on the graph

Absolute global maximum on Laib
a y value f c such that

f c f x for all x in a b

the highest peak

We have similar definitions for local relative minimum valleys

on the graph and absolute global minimum on a b

lowest valley

Extremum or extreme values maximum or minimum

plural extrema maxima minima

Examples 1 Find the absolute and local extrema of the
function sketched on 2,5
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2 Find the absolute extrema of f x1 2 1 on

a 2,1 and b 2,1

a Y b as

I I
Absolute max 5 7121 Absolute max none

Absolute min I fle Absolute min I fle



Remarks

The same max min value can occur at multiple values

m
A function may not have any extrema on an interval

a

Extreme Value Theorem if f x is a continuous function
on a closed and bounded interval a b then f
has both an absolute maximum and an absolute minimum

on a b

All three conditions are necessary otherwise the EVT may fail
Examples

n a

Is
b

not continuous a b not closed a b unbounded

no absolute max no absolute min no absolute min



Finding extrema

Fermat's theorem if f has a local extrema at c and

c is in the interior of the domain not an endpoint then

say a i in the
interior of the domain of f and f c D or f c DNE

Fermat's theorem tells us local extrema occur at critical points
but not every critical point will give a local extremum

Example
ay The critical points are

f DNE
3 2,0 3 f 0

Lf 112 If Dna
ENE But no extrema occur at

1,3is 4

Explanation for Egypt's
theorem assume f has a max

ay at c and f c exists
1478

type f e time so

that to

I
So f c 0



Method to find absolute extrema of a continuous function

f on a closed and bounded interval a b

1 Find the critical points of f in a b These are the

potential locations of extrema by Fermat's theorem

2 Evaluate f not f at the critical points and

endpoints a b

3 Largest value absolute max

Least value absolute min

Examples I Find the absolute extrema of fix 3 3 4

on 0,3

f x 3 2 3 31 2 1 36 171 1
Critical points f x 0 36 1 xH 0 L 1

f x DNE none

CPs in 0,3 x 1

Now we evaluate f at the critical point in 0,3 and

the endpoints

fix Absolute max is 22 reached at 3

0 4 Absolute min is 2 reached at
I 2 least

3 22 largest



2 Find the absolute extrema of f x It x2 9 on 2,5

f x 31
295 127 3,1291113

Critical points f x 0 4 0 0

f x DNE 34 2 9 0 2 9 3 3

The CPs in C2,5 are 0,3

fix
2 1 543 Absolute max is

Absolute min i

1 1643

1 943 I

3 1 least
5 It 1643 largest absma

xabsin

2 3 5

3 Find the absolute extrema of f x x2 61 1 2 on 4,1

f x
6 2 if 0

6 2 if
f x

2 6 if 0

2 6 if CO

f lo DNE since fig 2 6 6

time 2 6 6 If different.ec ntergnd

Critical points f
2 6 0 3
2 6 0 3



f 1 1 DNE 0

So the CPs in 4,1 are 3,0

fix Absolute max is 2
4 10 Absolute min is 11
3 11 least

2 largest 4 I
1 7

4 Find the absolute extrema of f x 2in x on fire

f x 2 11 21 1,4
1

Critical points f x 0 2 1 XH 0 L 1

f x DNE x 0 x 0

CP in fire I

fix Absolute max is e 1

Te e t largest Absolute min is 1

I 1 least

re It
e 2.7 2 so e 1 1.7

and 40.5 so 1 1.5



5 Find the absolute extrema of f x e sin x on 0,2k

f x e sin x e cos x e cos xl sin x

Critical points f x 0 e 0 cost sink 0

no solution cos x sin I

5I
f x DNE no solution

CPs in 0,2k are 5I
fix
0 Absolute max is e Ez

144 e Ez largest lonlypositive Absolute min is e544

55 4 e
5
452 least onlynegative

25 0

Y
y e sin x

f


