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a 1. I&M relative 8axiwa &I relative ninllmm  h f’(x) 1

N#tlmn&~teJ x0 LM ill pd 4.4

lun&im(d  lkLt%hi*~  infleotion point @iam inflection

point &I derivative function (fb)&!fkjJ#%& (Extreme Value) ii

qfnk  nnpl 4.4 ~&il& extreme value mJ f'(x) %~&&l x = xj WJW

nQw$lf'(X>  jltka4,~fl" 7 &a ?Il+lluar  f'(x) tlnaJmIIJO~f'(x)  = 0

% A W%Qn A' uardfl  * ih;tL~l~fl  iifllnnn4 Xj f' (~+3AttiUr,r&

f(x,)& A klhinflection point
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Gidilll  4Ltfll~  9UifJ  extremum value x = xh1

k%'l8MN tllf'K&  f(\)& B 9=& inflection point dilf'(x)  pp

32mtm  relative naxinru  u?a  minimum & rjfzmtufntfqm  first

derivativem  function h-i Pa'BWIZJI Blllll &ill~&&set  1; first derivative
. ,

lkLB+iil~U(mero)  Ilk solve ~,~;?8PJK,LUl,~f:~*Jfunction  I& kSiPW&l

critical number ( dfnl, critical numbem BUooluj?U  function7 dnimun2  ;;p;I

ti n'ti(Ul& critical value of the function) &U?neighborhood  W1

critical number ~tiuVlha& derivative function ikrn mi9iGmnln;n

f&pu~  (f'~x$>  0) b&ilhlfi;,p;(f'(~  ( 0) It& rr?h,unm;7

critical valueB8OJ  function &llfu maximum $8 minimum &LiIhinflection

point Inu~a~~inmr~IRf7=~a,b,c t;Jfl;~~~J;;I1

WWI -relative extrema 4185 function ?ki?BlJ~l~

9 = f(x) = x3- 12x2+ 36x + 8

dy:mYurn  ~f&80jB?  derivative functionl&lfkU  $kl

f'(x) = 3x2- 24x + 36

IltrmG4altlo~  if? set 1; f'(x) = 0 1&IM'l  critical numbers &i

3x2- 24x + 36 = 0

~tq~~idh~tufh&~  &,.2 uarG2=6 &du critical numbers tt

&04mt(ua:dwudn  Z, uar 3 a&if(x)  Lf7%‘2if(2)=  40 ua: f(6).8

40 U8::  8 LfU&lcritical value )

~~~nnaall;? f(2) = 40th maximum value B&lLihl minimum value

mu5$htumt~mdnm  neighborhood  BM x Umaj'ZlflUderivative function Lf7
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1% f(2) = 40 & relative maximum value of the functiofl~~fl~&&

ii& f(x)!llGqqnrilo xG&ll% 2

‘Lurnm&~ f(6)  =  8  tifumaximum value &l&l minimum value

r,~l~tiQ4r~~~im,Pwlwnfi dua; ml;;;7  f'(x>C 0 1dQ x(6 llaz  f’(x)>0

LifB x > 6 ,nt,~ar&,r~aflil; critical value f(6)=8  L&J minimum

v a l u e  &~y~l;;iff&~Aa’Wl f(x) 9&Gl~fl (relative minimum) &JX=6

3.2 Second Derivative Test for Relative Extremum

t own f'(xo) = 0it ‘Inr~~sJ~ro~~~~~w,,awn,Ill~udr$~??f(.D,

&extreme value L& ~Yt9Z3lfl&  extreme value 9184 f(x) l%lh maximum

value $0 minimum valus ~&Nl~~~n~~~~fI'l~U~~  neighborhood wl3 x
0

a4ldh f'(X) ~~;?JjLRf,~~~,~~~~~,L~~?n~~~LjllaY  44 %ilm+mnwaawnf 14

1 oJ~n~f~~~~~~~;;?~d Second derivative(ftr(x)) aunrnuoGfir7mr  L&JIKN

slope pDJ function f(x)‘\; &.A ;c7 ftt(x)>  0 ll@MGl  f(x) curve t=Llb-

Shaped curve u(;;;7  fw(x) 4 0 I&l%& f(x) curve 9:LihI inverse-U-shaped

curv

‘b

C

‘e

1 i
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9x@  4.6 qfrpr f(x) rurve9til f:(x)>  0 TB 441 f'(x) = 0 m:f"(.)>  0

9dqfl minimum ¶%3 f(x: curve r;nilu@ 4.7 lb w g(x) curve 914

g"(X) < 0 FE 444 g'(x)=0  lu=Gg"(X)  < 0 k dqn maximum DflJ

g(x) curve Lflf%%&lsecond  derivative condition 73th sufficient

condition lun?riin&q extreme value Ii@! function9LL ihl maximum

value 3% minimum value I;?ULA$LOQ  If,iJd,~tnn;77L~~n~M1~~~~~~  &

first derivative %N function f 1$nx=

function $fnk f(xo) %Lih

x0 h f'(:o) = 0 fkl~

maximum &I minimum &q$iiGnn7rhtc

viii!

1) 9LLlh relative maximum ;;? ft'(xo)<O

2) Wlih relative minimum 0; f'(x,)>O

b&4 1) 9JYn relative extremum 3103 function dtimnlu*  i%

= f(x) = 4x2- x

wn function Lfw?IMfnM7  first derivativeUfl=second  derivative

Ikif

f’(x) = 8x - 1 LLEI: f"(X) = 8

set 11; f'(x) = 0 1BM'l critical number i%

8x-l = 0

.'.critical number = 1
8

t
uMuR'I  x = 1 NIU fhnction  %iiWiI~~*W~I~ critical value Xl4 function

B
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= g(x) = x3- 3x2 + 2

VW function f~mUfi#'  tf7dWlt~Wl  first derivativeutXdeY second derivative

1% g’(x)  = 3x2-  6 x : g”(X)  = 6x - 6

aet 7; g’(x) ro ii critical number.9 *Ro

3*2 - 6x = 0

Solve quadratic equation d,t,,:'Zk  x 2 k-l  %l

% = 0 &g 'jir=  2

&r&$9  criti ca numbersU  lhi&7aJ1lJ1 yz function &i%IWl~~i~?%'l~  critical

value 2 A7 Sfl

g (0)  = 2 &rdu maximum value LIPfl:Gl  g"(0) = -6 to

g (21 = -2 &LifU  minimum value LWYI:;? g1)(2)  = 6>0

3.3  I3 derivative Test for Relative Extremz
4
OUlLtm~3LRI7:&  maximum dfl minimum value flQJ function d

"I .
fi7MU~~MfWsecond  derivative t'Ull%  first derivative %xWlm*;7*t1;

mr~&&aa~  first  derivative &J&J AJQ uGti~7in’n*Rp  lun & f"(X) 00

~f~&~wafi~&j  Critical value &L&J  maximum &I minimum value Mi2;

n7*3LRt,=P;P18~Lt,~;PJ;$111;1013  (test fails) ,rtr,:a~,r,,=~;fiJ~~ln~~ao~
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first derivative k~%Jdflh~  ~h'dd~%~~~&%&  #fffG  derivative &

P+ second derivative L%U fu'(x), f4(x) . . . ..frYx)

?'llXl'I?%WI~  W%Maclaurin Seriesi4 , Taylor Sesiea  lW Jwmxw

form at the Remainder tr,~,mr"rrs?a~"n,TjLRf?:~ extreme valze 991'lb

maximum & minimum 1$&;2d:

h first derivative WNfunction  f(x) ?! x = x0
4' "M *
lPrwnPU~JU

(f'(xo) = 0 ) &I4 function %&maximum &I minimum
I 'v
tnqmims

SIR,%;  derivative &$&Id (higher order derivative) $t%VlJ&%Ufb3

&j!j!q~J~~$JyU~ (zero) &ih&inrr!r?tnt,r tiii
I

a)

WXJI uu: ~ *
Is

R?PM extreme value w maximum tfl n t

I ~

tang ( even number) I:: f(n)(xo)Co

b) PhDJ extreme value iSJ?:Llb  minimum ;;7 n &arj

(even number) ua: fCn+xo) > 0

t
c) R7WloJ  extreme value &W&l inflection point ik Lib

J
La'JR (odd number)

FI&N W3LW?:~ relative extremum 91114 y = (7 - xl4

'3711 function ?ki%4lln1;  f'(x) = - 4(7 - x)3 ?kkbhiJp~t& x il 7

LYiJw&l  x = 7 &i&J critical number UlU x = 7 ah function

iftiqUfYI;l;~r?f:'lnl  y = 0 &I&J  critical value 804 function ifiW&

Lbtfqhm critical number PJ~U  second derivative Lf71&

fu(x) = 12(7 - x) 2 1'II~ f"(7) = 0

tB,?=~~~Lf?WV?U,ULL~PT7 derivative &Xl critical number lhttq

Ii&&Id
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f?x) I -24(7-x)  && f':'(7) =o

condition(first-order condition)

candition(second-order  condition)
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44 1Wll &I necessary condition d’lUfi  extreme value %J4  z

kW%i9?tW  extreme value %tN  z ll&BIW Total  Differential

l*WWl~tIlAh7l  extrems  w&e  %W 5 t lti&ljBz  aqflhrl;;r;la4tiS

W (z must be ih a stationary position) ii& de=0

&37 take total differential lhiil  z = f (x,y) 1t?9SlGl

fY =o

1 I&PIt

function

a9ltflnpl~

E

I

kl&l&IU~~ (condition) #iiGbJk~~ extreme value ltW  2

f~;?d,i;ontlnl, ii de = 0 9% fx = fy = 0 ‘l;ll%nibiul,:thtW*&

p%Cqd dz  = 0 ~70  fx = f = 0 ) ‘i/qn
Y

extreme value EN

hi$lIAp%~,9Ltgn saddle point $0 inflect point 3; 38.;

4.12 Ufl:  4.13 %ld

d4 . 1 2 @if 4.13’

%@d 4.12 v C h& TX Uf% Ty ?! slope= 0 klh saddie point 11~1:

;7l&llfWlBJhJG oyz  plane minimum point
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d2z = d(dz) = a(dzj  dx +
a x

a(dz) dy
7

= a (fxdx + fydy)dx  + 2 (fxdx + fydy)dy
a x "Y

= (f=dx  + fxydy)dx  + (f
YX

dx + fgydy)dy
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