é‘/-7 — Globol Extrema awnd O'|>-|:ama2a;£aow

A )cund:ion f has a

* global (or absolute ) max on am interval I at Xo

i][ f(x.)7/f(x) for all xe<T.

* global (or absolute ) min on an interval L at X

if fX)£f) for all xeT.

j A global (+Leocal) maximao.
— ~

f:lapl — R

Local

minimum

globol (+Local)

Minimuwm

b
- . > X

Foct: T f‘[a,b]—'R 38 continuwoous ) +hen f will

have ‘jlobal. Maximo. and ™Minima. On [a,b]. The\j Could

occwr ot critical Poan+s ) [0«.5] or at the endpoints.




The Process: To find jlobal mMax /mins  of
Continuovs §U.WC-1:10V\ F oon (a,6],

(1) find alt critical points of f in [a,b],

(2)  evaluate fleritical pts) , f(2) and f(b),

(3) bi33c54 = Slobal Max , Smallest = j/oba.( min.

Ex: Find the jloba{ extrema of )C(X)= Xs- 12 x

for X € [0,3_] .
Solution: Anj ceitical PoM’rS? Tquore — not
/ in E°I3J'
Jfl(x)= 3x*-12 =0 = 3x*=)12 = X=-2 oc +2
' t
cP!

exists eveuj where!

C_OW\E(LF&:
f(oy= 0 (Biggest!)
)('(2.) = _,6 (Smalles’c I)

“ Global max at X=0 with value

)C(o)=05 3|oba1 min af X=2

with value f(z) = =|5.

f(3=-9



This +echn;zuc con be used +o Solve all  Ssocks
of applied optimization problems!

Ex: A Jca,rmer has 300m of fench to buwild a rccl—a.njulw*

jiraﬁe enclosure. One s.de o? -qu_ euclos«zre l;e,_s oJ.oAj

6. Fivec ond does vnot need to be fem(_eal. Find the
dimensions +hat will enclose +he lo.rjesl' oS ea. .

,Soluu"iob’l-'

@ Draw a )Oic-l-w‘e- Iclc.a-iif\J am1 Variobles.

lev\qu = f
W Areo. = A Width = W
- “Rivec o

@ Find an expression for the iuaniifj be:nj

maximized o Minimized. T_dewh;[j any Constraints.

Want to maximize A= 2 -w-

Constraint: j{- Awr = 800 (So L = 300 - QLJ)




@ Write +he tLu_ant'\l-,J bemj optimized as a

_g-u.wc,{:‘.om 07( one vVvariable. State its domain.

A=Luw = (800-2w)w = 200w - 2w

We need LW 20 and Qw 2800, so W <400

/ \

W =0 means all fe_nc:@ QA = 800 weans all fenc:v\j

s used for /. is used for W

@ F-.‘AJ +he OL,DSolude. Mo.x /m-‘n on this c'oMou’ﬂ.

We maximize A(w) = 00w - Aw*® s we[o,tfool

Criticall  points of A(w)?

A'(w) = 200-4o =0 = Hw = %00
—_—
exists ever\tjwheﬁ:

7 W20 (Crdical point!)

ComEou'e: A(O) =0
A(200) = 800 (200)“9\(9\00)z = €oooo m*

A(400) = O Q Global mMax



@ Write a C,onc(uclimj Statemendt .

The maximum Foss:ble orea. 1S gOOOOmZ and occwrs

when width = 200m and  length = €00-2w = 400m .

& SUFFOSC we ka,ve, .SOOCMZ of .,lm ‘,'O Lu.:lo’ O
lem drical Cawn (WEH« ‘\'oF ond bO‘H‘DM\) with  the
(a_rjesé Foss‘(b\e_ volume . How much 3:(1#«; Soup

Could Such & can hold?

Solu.hon : A: C
Volume = V/ ahd = W
Want +o maximize V= TTc*h . L\ej

________________
"""""

— -+

Constraint -

Surface Ares = @ + @ +

(+p) (bot+om) (side)

—2Tr —

—_—




—é 2
Tt o+ wer + 2wch = 300
ﬁ
AT+ 2trh = 300.
From Hhi s eiua{EOn, we have

ATCe = 300 — 3TCr® = \, = 300 - 23
RO

llaus, H\e volume )cuncf.'o.q is

V=1cth = ‘r(r"(300— 21(r1> = 1SS0 - T
AT

We vote that 20 awd, -’f all tin is wused ]Cof
the base and '{'.OP (1.e., no heigh{) s then

2
QATr: ¢ 300 = rzs's?o = Fé(%o

Thus, We will maximize

V(r) = 150 - TUC? J € [0, ISTO]



Any criticol poinds’

Vi) 150-3%c =0 = 3TWe* o= IS0
“"W—/

exists ever\cjwhe.re R . g
r - 7T
= - + |20
r T
M \’ Discard r=‘\/g
Since not in domain,
V(o) = O
\/<|%> ~ 3787 Cmg — max!
\/ IS0 = 0
1y

The [o.rja.sl- con will hold 3989 ¢’ of j,‘raf-[e_ Soup.




Additional Exercises

j-' A CONFa-mj Froc‘u.c.es +wo 300&55 a-Prl&S and

bononas. Tf +he COMPQI‘\J Frodu.ces A toas oJC apfles
and B tfons of bananas , their me;# s given lzj
A*+ 2B%. Due 4o froduc'.-l-{on Constcaints, A+3B

cannot exceed (60 tons. How much of ecch jooc\

showld be produced 4o moximize the Company's profit!

Solution:  The C-OW\POW\J will Froclu._c& as Much oas

possible fo  Maximize profils, heace A+3R = 660.
Thus, A= (60- 3R,

We have 4o Moxim;2e A+ AR? , which Can

be wriHen as

£® = (660-38) + a8



We need B 70 awnd SB £ 660 , So B £ 220.

(B=O means We 2B= 660 Means
o.nb Froducc A We. 0417 preduce B

Tl/\usl We wmaximiZze f(B) JJ:O" Be [O/ZZOJ'

Criticol Posnts ?

JC,(B) = 2(660 ‘38)(‘3> + 4B (exists euer:jw]nere>

fBy=0 = —3%0 + 2aB =0

3
= B = ZGZO = I‘K_O (One ctidical P°=n+>
Compare: f(o) = Y3500 +—— Max profit!

£(130) = 79200
§(z20) = 7€ %00

Profits ore maximized wWhen the Company preduces

B0 tons of bananas ond A=¢c0-3R = 660

tons of apples.




1. A Wire 0em in IeV\J“'L\ iS cut into '|'wo r:eces.
One piece s Lent into oo Szuqra ond ']'Ir\e. other is
bent into oo cCircle. How showld +he wire be cut if

we wish Yo minimize the +otal area! What if we wish

Yo maximize +he total area’

Solution: ek X be the lev:j‘rb\ used 4o form Hre
Slu.a,r'e_ oand 3 be +he le,an'k used to focm the circle.

ll\}& wish l’o Of>+?ma26 A = ASZu.w*e + Ac:rcle..

- (x)*o X2
AS?J"‘"'.Q (f-{) 'G
X/',_'
@ J=2Trp ) rr.%t
2 2
ACH‘CIQ, = _r(,rz = Tf(%) = 37\_
X y*
Tlr\u.s, A= 7 + L{,“_



\/JL Know +het X*j = /Zenj"'l’l o,[ wire = /0cm,

So B= 10-X. Thus, we optimize

A = Xz + ('O‘X)z for xe[o,10].

ra 4 1T

Criticoal Pornts?

A’<><) = ; - (I‘Z{T:() (exists everywhere )

A'(x) o =» X _g:l_t('o‘x) = O

= (+d)x = Y0




Lar3e$+ ares. Wil be 27.9cm” and will occwr when

adl 10em of wire is wsed ‘For the circle.

Smallest area will be = 3.50m?® and will occor wWhen

4o
Ty

X = cm  of wire 1S wsed for the Squarte.

3. Consider the quncéiom )C(X)=|/;, xeloy].

Jq
y= £(x)

2.-

- —
(2,0) 4 X

Find 4he point  (X,Y) on +the graph of ;’1=]C(x) that
is closest 1o (2,0). What is this minimum distance?

Hint: Tnstead of m:'niM‘inU the distance from (X.j)

b (2,0) , i will be easier to minimize +he Szual‘t

of this distance!




Solution: We wish o f.‘nd the point (x,j) on srapln

of Y= dx  that minimizes

d = \/(X-Z)l’f (y-0)° = Jx‘—hlxw +j‘ ,
the distance from (x,y) + (2,0). El(ow;nj He hint, we
will instead (ezluivw(em‘lj) find  (x.y) +hat minimizes
d¥ = X*-Yx+y +3")
the square of lhis distance. Since 3=J?, we can

write  this fu.nc{:'uon oS

90 - x*—Yx+y + ((x) = X*-3x+4  xeloHd).

Any ceibiced Po‘.nb?

3'(><) - 3x-3 =0 = x- 7% (one_ CP.)
—
exists eue{juhere

Next, we compare +he values of g at the criticat



Poin'\-s and the endfom-l-s:
g(0) = 0™-3(0)+4 - Y4
3(3/2) - (3/231_ 3(,3/?-) TR 2[ —— Minimum!

9(4) = 4*-3()+q = 8

The closest point is (X'J)z (X,J;) s (3/?_,\!3_/?—) The

Mminimum distance s \/3(3/2.) = JZ - J-Z
1

kS;m;c 3 is the sgu.o.re. of +he distance

y= £




