Maximums and minimums
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When derivatives exist at a max/min, they must
be zero. ., 1 : derivative =0

AV siope £(a)=0
f(x)
| I S

l X
Case - No derivat ve

AY maxy
F(x)




With multiple variables, the partial derivatives
will be zero when they exist at max/min points.
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. 5(mflqrfy for more variables
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EX : Find the maxima of
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The Second Derivative Test gives a more
convenient way to classify critical points.

D = Fes %y’(ﬁy)l

(1) D>0, §,.>0 = Local min.
(2) D0, §x< O = Local max.

(2) DO = Sadd |e Pa;n{’_



<7 £(x) e, £y increasing
spedy AT (D £.50 at My,

slope=o
4\y SlOPQ de(‘,\ X
/ %o, .. and §xx<o
TGO
\ at MAX.




E/X’: 61455'.{)’ 4” CF{"f;'(ql ,)ofnf’( 07C
{_(Xziﬂ) :XL/"'}’L/' (/Xy'!' [ .

fy =4x*4y=0 )CfLJ\/Z-qX: o,
2y —s xly=0
=>X(X8-l): O
= X=0,11.

CRIT. PTs. {(0;0) 7(.;}_,)} (1) l)}

10
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Looking at critical points gives us local extrema
and sometimes global extrema; not generally on
a closed and bounded domain.
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|ldentifying GLOBAL extrema takes work:

(() F{'na( f-values atall ¢ritica)
Fo(nJrS (hside +he domain.

() Find mox/min §-values alonq
the domain Eoumolar‘y.

(3) Take max[mw of all £-values
From Sw‘e]as (’) T ().

13



E/X_: Eind the 3Ioéal extrema of
f(xv) = K= Ax4tLy on the

[ectanqgle ()SXég) 0&Y< Q.
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(=) Max/min along boundary.
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then -4 T <9 5o far To check
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Lagrange Multipliers: used to maximize or
minimize a function under constraints.

-- Maximize the volume of a wooden crate
given a fixed amount of wood to use.

-- Find the minimum distance to a planet
along a fixed, elliptical orbit.

-- Analogous problems abound in
engineering applications.
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/U:,s’rracﬂy, we consider

WC(X,“A) A function to minimiz e
Or maxim iz &

Glip)=K " Constraint equation
restricts (XIY) a (|owe
(Hn}nK "design Parqmdem")

& First sf‘epf }({en*h'fy these for Your proble .
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A FiC'I'UU‘e ‘F‘or the ia{Qq._.

7 D Let £(P) be amax/man
1\ 3=K > of {-‘qlon3 curve j(X/Y/tk.
PN 0) Since gek S feve [ cume
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Along the curve, £=F(xatyi) 3T (P)= 0.
chainRule.. T X#Fy 2VF- =0
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T Sammary at an extfreme valng

of £ along g=K, we have
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6 v;:xva.
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Let i)1:7C(X'ylz)-.- 3()(:)? 2)=K constraint.
773 -F[nd {'he M/?X or MIN o‘F .?I S‘OIVQ
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EX Find the minimum distance fronn
== {he origin to X>, Y = |
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_Xl 2
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EX: Find the minimm distance. trom (0,0,1)

/-‘-0 ‘H\e }werbo/oio{ )(24-,_,—'}'1—72:‘:/.
Use $(x%z)= XY+ (2-1)
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Y = AX >\ —X=0 or )\:(
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Thus o= J +0+[ {) =
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3<5J3\O >@.
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Practice!

Ff,nd, C,as;i{y all Cr(ﬁca( FO"’\*S o T
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Eind the alobal WAX/min o f

F(xy)=xtxy-xy with 'Qfxfs)
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C orners:

flam)= 4 F2=7
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Ea‘seg : L d‘e‘k where
Check an 2%

ek /RS »°°
where A % o X212
B-\l 3 aonﬁ —

—0 lehg y +)\

31



O)CX ()(,’)-): -| FO So hoH;;,,ﬁ

. . ~"0 CheCk C\/On
7C>< (X:)\) = 3F0 3 eafjes :

R () =Yy 0
‘WC\/(%\/):D'VI’“O*W:TJE |
Check $(3rR)= 63—‘@ gllm s i

HQ,\E) — 64‘\‘{\& f-valne s

3 ‘ nO\N._\

32



-1é

G)lo)aqlmln B 7E(1)\
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@Lef Clan2) K242 Minimize

thic over the unit Sphere

XEyH2E |
= | = 5(x'y’2)\j~ e
.f x )\%X >\1X =)
T '>1 >Qy = /

fa= MZ =>U=z > 2")\
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