Yo x™

x
flo) = ‘f"'r"xt

A=D 0—65». min.

o A function f has an absolute maximum (or global maximum) at » = ¢ if f(e) = f(x) for all

5.2: Maximum and Minimum Values

DEFINITION 1. Let D be the domain of o function f.

x in D. In this case, we call f(e) the maximum value.
e A function f has an absolute minimum (or global minimum) at = = ¢ if f(c) < f(zx) for all x
in D. In this case, we call f(c) the minimum value,

The mazimum and minimum values of f on D are called the extreme values of f.

.'L
c\ok
DEFINITION 2. A function f has a local maximum at z = c if f(c) > f(z) when x is near ¢ (i.e. in

a neighborhood of ¢). A function f has a local minimum at x = ¢ if f(c) < f(x) when x is near c.
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EXAMPLE 3. Find -h&ﬁsofute and local extrema of f by sketching its graph:

(a) f(x)=2a?, -1<x<3

Cond -

Y

abs.
extemum
Local bsolutd | Value
Mazimum
NO | %=3 | q
Minimum %= 0 \ Y= O 0
Local bsolute| Value
Mazimum
NO |JX=%3 } 9
Minimum %=0 xe °/ o

(%



ok c\\o"qu .

i

Local | Absolute | Value

Mazimum
NO | wNo | wo
. Minimum =0 A=0 o

(d) f(z) =2
y

Local | Absolute | Value

Mazimum

Ve | N2 | o

Minimum NO Neo NO




Cpl\
1
(e) f(x) = Ompz=3
v Local | Absolute | Value
Mazimum
Minimum \
: 0 _ —_
L NO1 X233
0
2 d
x4 if C'&o'?e v« V,&gv
(6) F@) =3 0 4 w
r\o* Vo R
‘(‘“‘\
o . .
Local | Absolute | Value

Mazi
azimum NO X< O 2

Minimum
NO No NO




Extreme Value Theorem: If f is a continuous function on a closed interval [a,b], then f attains

both an absolute maximum and an absolute minimum.

EXAMPLE 4. Graph an example of a continuous funetion on a non closed interval that does not attain
_— e

an an absolute minimum but does attain an absolute mazimum.

A *.”‘*‘
®

neoe ohs, Mmih

v §---

a

EXAMPLE 5. Graph an example of a function that s not continuous at a point in the given interval
s A

and yet has both absolute extrema.
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DEFINITION 6. A critical number of f(z) is a number ¢ is in the domain of f such that either
) or f'(e) does not evist. o Yemg@n®

(( Iustration:
N2 ’c Q’ e bo“ 4
o t

C
no tan 32“"'




EXAMPLE 7. Find the critical numbers of f(x):

(a) f{T):T3—3_L2_|_3_L N
£ =X 67 5 =3(x

[x=1]

T
aal) =3[ X7 =©

where derivative DN E
Withouk e greph
yx' | -dL XL 2

3 2 ;"\-';% {""l , '“| 22‘
£1(2)=-4 + £,(D=4

> £'(22\ ONE

12
'\ = -2% ) 1
‘ (’ {‘l.* ’ 1%\ 32

Kﬂ "{a}so =) n=0O




EXAMPLE 7. Find the critical numbers of f(x):

2 g\ |
3 —{)
(¢) fla)=a*(5—a) =) f'(w)= ( S XS— X

\ A ?-4 g %'1 -5
‘F('R)'-'—S_‘EX ——?~%

x5 (a-2x)=0

- lo
Critical numbers: x=0 and ¥==
ODNE =0

(d) fl(z)=xlnzx
£'t= bnx + x»e=dax+1 =0

ev'¥=-1_.1 ‘L ICr:‘l\'u’
x* =€ = c '“‘nu"



EXAMPLE 8. Find the absolute extrema for f(x) on the interval I where
'
(a) fla)=a"—32>+3z, [ =[-1,3] Remark. we don'+

' J € y weed  chesst by
cont cloed eribiead peinks here

O Find oritical points
&&, ¢x. 1) #A=4 is eriticad point

® Find value off funchon ob orikfead points
flonging b Hne giveninknld. .
x=1 ‘110'\,5 7"» t-‘\33

£()= 1-3+3 =|1

nts’
(D Find valus o foN oF and pott
]

gy~ -3 -3<=-7
£(3) =21-27+4 ‘--@

@ max §(#) = 9Q m*')\ fex) = 70

=1,3) ()



(b) f(x \F.L +2cos;,1_[§,ﬁ] ‘%.‘"Sﬁr
eont. - c/!osei *h/
%s X+

.f‘(w)zaﬁ x —HX Sing" = O

;we(ﬁ—z sinA) =0

ok\ 2

I X=0 r I
] -— = x -

whichis not in T x_ 4)1, | @F

cfl-l- pYIntS in T
F‘M\ v.‘m c'(;& ot crit \“""“ feom HhAl
given inkerval and atb end fomi-s. EX AR

&(E) -_-E%-l-).uﬂ—a%w*lz

£ (ﬁ-) I R Yo = PR -2 *

wmax § = L) = 3.44
L

mi“(i:ﬁ(@\: 2.63

T
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