Sechon 4.1
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-I-;tﬂ%\e Values

Learning Goals

Learning Goal Homework Problems
4.1.1 Find extreme values and where they occur using the graph of the | 1-20, 79-82.
function.

4.1.2 Find absolute extrema and where they occur on finite closed 21-44.

intervals.

4.1.3 Find critical points, local and absolute extrema, and domain 45-64.

endpoints for functions.

4.1.4 Understand concepts related to extreme values of functions. 65-74, 76.

4.1.5 Solve applications involving extreme values. 75-78.




Definitons

® | ocal/ relobive masamum -

a3 g 409 oy value f(c) such that

L) 2 LX) for = mear c.

\/ L o " Pea.k Y on the Sm.Ph

he A&olud’e,/ global  masacmum  on La.b]:

¥

o y- value  f(c) Such that

fCe)z £(x) for all  x ia [a,bJ,
L dhe  * highest  peak 1.

)

We have similar definihons for  local [ relohive  amnimum  (© wolleys ’
on the SmPh) and  absolute [ global mywmmum on  [a, b]

( * lowest volley T )

Extremum or axheme values @ moximumm  or i e .

(Pluml t exhremo, madma, miniana. )

Exo.rmgles: 1) Find the obsolute and local oxiverma Q.(Z the
.“.uncl'ion sketched on ["2, 5].
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y= 402y o local maximmo. :

£(2) =5, £(4) =%, £()=2.

¢ Absolure mnoximum -

5 .‘.(1)25

y=40<) e loeal minima.:

£E2)=1, £(3)= 3) £(0)=0, £(S)=

o Absolute mninimum :

> £(5)=~!

2) THnd +the obeolute extrmno of  f(x) = x*+1 on

o) [-21] and b) (-21].
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Absoolure max = 5=‘“"L) Abcolutre max : none
Absolute man | = £(0) Absolute mun = | = £(0)



Remorks -

* The same max/min value can occur of enutiple. x- values.
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* A .Fund'('or\ may ot havwe any exirema. on  on ia¥erval.
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Exhrerme  Volue  Theorem '4! LCx) 18 o conhinuous funchon

on o cloted ond bounded interval [a,b], then {

has both an abgolute maximum ond an  obsolute  minimuwm

on  [ab].

All three condifions oare r\ec.e.sso.rj, otheruwice the E©VT oy .Qo.ll.

Exanm\gles :
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* b & b o
not  onhnuous [ai®) ot closed [a,) unbounded
no absolute max. no obsolute mun. no obsolute ann.



F'md:'na exhrecmo.

Ferm\a-\"& Theoremm ;.\’. .(_ hat o lecal oxtemma oF x= ¢ and

¢ 1s in the inkrior of the domain  (not on endpoint), then
_Q,’(c) = 0 or _(,’(c) DNE .

we sa.d that x=c¢ & o entbieal point n.(l c W in the
inferior of the domain of b and  P'(e) =0 or f(c) TNE

Fermmat 's  theorem felt ws  local axtemma oceur of entical  poinds,

bur not every enhical Po(M- will Sive, o local axhermum .

E xample :
Y ' The cribieal  poink  are :
31 ¥ one x=-2,0, 3 (£'= 0)
2 4 x = =1, (4’ DNR)
\3 Pﬂe Bur o  axivemo. ocear  at

x=~=1,3.

Explonahon  for Termot’s Theoremm:  assuume £ bhos o avax.

(]
*Pz) ot x=c¢ oand _‘i’(c) axasts .
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/ act z—-cC ~
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S {;'Cc) = O




Method to {l’.nd obsolute. extrema aof o tonhinuous  funckon
,\‘. on o closed ond bounded inferval L&,b].

I. Fnd the cnheal po'm\s of £ n (a,b). Thae are the
Pohmﬁal locabong a(f oxbee o % Tecanat’c  Theorem.

2. Evaluate £ (nor £7) o the cerhical poinks  and
et\d(ao'mb a, b

3. Lm:gw: value = obsolute mhax.
Least  value =  obgolute min.
Examplee: 1) TFind the absolutle extrema af () = x3 - e+l

on [D, BJ.

L) = 3x*- 3 = 3(x*-1) = B(x~)(x+)

Crih cal poink : L(x) =0 =5 BxA)YxH)=0 o x=zi-i.
L'(x) DNE 3 none

CPs  in  (0,3) =  x=l.

Now we ewluare £ ot the enheal poidk in  (0,3) and

the e.r\d':o'mk-
i 09 Abwolute mmox. ¢ 22 (rached ot x =3)
e “ Absolute min. ¢ 2 (reac.hzd Fel x-_\)
I 2
3 QL




2) Rad the obsolute axkema of L£(x) = I-I-(x"-fl)% on [—2,5].

(x) = A (xa) P (ax) = X
PO = 20¢5-a) 7 (&) Sodayh
Cribcal Pain\: : ‘(‘.'(x) 0 = YUr-0 49 x-o.

.(_'(_)C) DNE o 3()("’-4)‘(3: o 55 x*>29 5 x:-3,-3

The CPs in (-2,8§) o x=0,3.

£ (%)
-2 I+ 543 Absolute mnox. e 1+ 1673
fo) | + q"l3 Absolute mmn. ¢ |
3 | ‘\,3
s I+ (3

A 4

3) Find the abtelute exiveme of L£(x) = x*-6le|-2 on [_-'-h']

K";_ Gx- > ."g Ve 7, (») k“é L@ NP
Q(X) = . = 'c‘l(x) -
X"+ by - 2 |.e % & © el ;_@ Yo
1 . .
Filed BB —fineq ,l("-‘,“w e N j oo different on left ond
limm dx+6 = 6 ﬁSM‘ o x=e ( corner)
X-3 0~

k-6 =0 x =3

9~X+G =0 383 x=-~3

Critical  poink : ¥(x)=0 = {



_F’(x) DNE =5 x=0.

So the P W (-4.1) ore x=-3,0.

S £ (x) Absolute max. 18 -2
-4 - lo Absolute min. i -
-3 ~MN
/\J
o) -2 % -3 ! 3
t ' ! X
| -t

] ° = | | .
4) Find the abtelute exiemme of L£(x) ?_+ 2In (%) on [@/EJ

.c:(x} R SN (k%) 2(x) ()

x3 X x3 x3

Criheal Po’mk: L’(x) =0 =2 2(x")(xH) = 0 3 x=I,-

L'(x) DNE & x3 20 o x:0

CP 'lﬂ _}:' &) : Xzl
e
X () Absolute mox. 18 e~
Je e-l Absolute min. ¢ I
| |
Je z+!

ea AF+S5> 2 S0 e-la lLF

and L 205 So L, 1¢lS
e e



5) Find the obtelute exieme. of £(x) = e:)‘SEn(x) on [o,a-n_].

P/(x) = - €7 sin(x) + €%s(x) = & (e(x)-sn(x))-
Crfical Po'm\'s : L'(x) =0 5 e = o s (x) - &in(x) =@
no goluhon tos(x) = sin(x)
X= Tc_,si
' W
L'(x) DNE o5 no solubon.
CPS n [_o, 21'\) are X 2 E, S'I_C
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