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Lecture 14

AEE\fca’(\bns of Diﬂre(enjﬂdh‘on

Maxiweabmn ond  Mintonum values

' lm]x)rjran't apph'ca‘n'ons og A;fferon¥\d)fl\on are ophmyza’n‘on problems , we want

Yo find the othol wo) to (}om% sth, For examp\e

° Shafe Of o can thal mmrozes cost .

° Hommmng area an\osoo\ bﬁ fuxed anount of fencubﬂ .
5 Naxnm\n\n«j meﬂ »

These Prob\ems reduce 1o fmclmi maximurn and rmimurn values of functions

Eein_ A fund\\on f has an absolute 0 aXIUN _g-)_,_c‘ nJ‘» fle) > f(X\ for all x n the

——————RE

doroam of § - The aumber fle) 15 called the reaxamum valueof fon D

{ has an oheolude minimur ab ¢ xf fley ¢ 00 for all xn Hhe

Simlarly o funchon
dornain of { The nurber §€) 15 colled the minimum value of foD.

The maxumurn values /rmimum volues o.f f are called extrerme values of f .
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The {unchon § bas absolule oxtimun o, d, and absolute minmm at a

Def A funchon has local moirum at ¢ 1f f(e)> fla) , when x & near ¢ [ that 1

4 3@ » {x) for all x nan open nterval con%alnmﬂ ¢)

S{milar‘j f hos o locol winumurn at ¢ f fe) <0 _when x 15 near ¢ .

Move & b1z a \ocal rO@XITOLM | d15 0 lal max

¢ 15 a loal ravoum

Ex flx) = sinX local max ol

x=I . daT nean mh»aer
2

x =-T ydn, n 1500 mhﬁ@r_
J

5

A
. ]

\ Absolule mox value = 1

Absolute min value =-1

;-4w
\
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ff(ﬂ = x3

local minal O

No local max

No abs. max

Abs om ol X = 0 | becuse

for any real number x , T(x) 3 0

Therefore Abs rin value of {15 0.

No absolute max
No abs min
No local mox

No Local min



Ex (-1,37)

x) = 32421662 4 B

/i
-y AN —
(3)‘&?)
Abs wax 1§ {(-1) = 37 e max & f(N=5
Abs rain is f8)=-a3 local min are { (0)=0 wd f(3)=-37

So upto now we have hod sorme funchions which have hod extreme values

othore which dd not

The following Thm gives wondihons underwhich a funchion 15 3uaranleoo\

o possess exherne values

THE EXTREME VALUE THM

\f { 16 continuous on cosed interval Ta,b], then f oltaing an abs. max. value

f(c) and abs. ton - value fld) ot some ournbers ¢,d m [a,b],




lect 14
The Conhnu{l(j o{ Junchion and closed Tntervals are :mPor?oni

R I

+— > .
a b

o= - ~ -

Nol Gahnuous and hence o let ue consider nterval (a,b )
no abs max /no abs min

ohs max

\f ot oneder Jx) e - on (1,3)
X-)

and no abs T

o % the Thi lelle us thal a continuious Junchon on a closed nferval has abs.mnax

and abs.main but doesn mallj lol) us how .

Fermots_thm. e 5

v or local min at ¢ Jand :f 1) exgts | Hhen fle)=0

If § bas a local ma

|DEA Toon we bave 4hab

s~

fle) 3 §lexrh)
flean) = f(ar € 0.




Remark 1

The converse 1s not necessan Iﬁ true

If {00 = 3y then fi(x) = W

Hence §'(0) = 0 , but has no maximum or rmimum

/Aﬁﬁa The foci that '(0)=0 s»mplj
, roeans horizontal kmaon{ line at (0,0) .

Inslead of hav:'na a max/min ol (0,0),

the curve crosses s horizontal +an39n£ there

RemarK 2

Tere. may be an exteme value where f'(c) does not exist ,

00 = x| has 11s {local and abs ) rin
volue o 0, but 1'(0) does nol exist .




Le 14
Defn A crtheal number of a funchbn ]f is o nuraber ¢ I the | J— Of £ such

that ether {'(c) =0 or {'(c) does not exist ,

“Find the cotical nurbers of flx) = x5 (4-x)

Examr\e
Ten, f(x) = 4)(3/S -x8/5
| : -5 3/ DY, g
Pl = 3.4x 70 _g x5 -xh (-8
5 % 5
= la"gx
5x/5
3

Then, f'(x) =0 ff 12-9x =0 =>x=2

Moo, {'(x) done when x = 0

Thus the ecttical numbers are x = 0, 3,
2

Restoting Fermﬁ’f'ﬁ Thm

If f boso loca) max /i at ¢ ,then ¢ 16 a crihial number of ]C



To find an abeolute max or min of a conhinuous ]cunch‘on on a closed \nderval
we nole that either 1t 16 local D whieh cage 1t occurs ot a enheal number]

or 1} hoppens ol ondf)om)rs of the wterval .

Thue the followmﬂ 3—s§eP Proaodure a\waﬁe worKs

The Cl,osgd Interval Heﬂnocl

To find the absolute maximum and rinimum  Values of 0 continuous funrh‘on f on a

closed Wnterval [a,b]
1. Find e values of £ ot the crthical numbers of f m (a,b),

2. find the values of f at the endpoints of the interval .

3. The laraes’c of values from Stepe L and 2 16 the absolule max MU

value 5 the smallest of thece walues 1 the absolufe mimmum value .

tx  Find dne abeolule max and absolute minimum value of

fx) = x3-3x+ L o the mlerval [0,87 7



lec 14
Sln  Since { 15 @ Poi‘tjnoml‘al, it 15 continuous on [0,3] | we an

use the Closed Interval method

f(X\ =XB—3X+1

flix) = -3

Gince f‘(x\ exists for all x , the onhj errhea) numbers of f
oceur when f'(x) = 0

% , 3x?-3 =0

Sa-1) =0 A=l =x=xl
Notice that -1 doeenot lie wn the wnferval - [o, 3], 5 we can dr‘greﬂaro) t
S we nowd 1o ovaluate { ab e cnhical number
f1y= -31+4 =-1

Also need 1o evaluate { ol the eno\pom’(s

Ho) = 0°-3.0+4 =1
19

fl3) = 33 -33+4 =31-9+1

Abs mox 16 J(3) = 19 Abs win is f(1)=-1






