)
o Find the maximum he1ght Find the
mmunux_r; _cost Find the maximum
CaleplusT ¢ volume Find the maxm:lum fun'
Class notes o ® @,

Optimization Problems (section 4.5)

We seek to find the optnnum value of afl function given some constraint. We might have a box

s —arr - e

with a fixed surface area and need to- maxmnze £ its volume. Perhaps we are asked to find the
dimensions of a structural beam that maximize strength while keeping costs as low as poss1b1e

We will be given some function that needs optimizing (minimizing or maximizing) that is
—7/\ defined in two or more ‘independent Varlables This will be our objective function. We will also

RS e A

be given some condition (constramt) that will link the independent variables.

- e

A Recall the extrema of a function will be found at critical points which are where its derivative is
rf " zeroor does not ex@lo calculus, my old friend, J‘V"GESe to talk with you again.

Once again, the book gives us ausefal game plagf{‘ l[ £ { /j,

Guidelines for Optimization Problems

L. Read the problem carelully, identify the variables. and organize the given in-
formation with & picture. —

2. Idenmufy the ﬁbjeeuve f_unctmﬂ (the function to be ﬁpnmued; Write ﬂ in terms
of the variables of the problem. S

3. Idmtafy the constraint(s}. Write thern in terms of the variables of the problem

4. Use the constraint(s) to eliminate all but one independent variable of the ob-
jr;di%'t.. fﬂr}::tmr:

5. W ﬁh t!xc, objective function expressed in terms of a single variable, find the
interval of interest for that variable.

6, Use methods of calculus (o find the absolute’ nnm;t‘emai o minimum value of the
ubjective function on the interval of interest. If necessary, check the entipeuus

L — T e 5

We will start with an objective function (call it /'(x)) that may have multiple independent
| variables. Our first job is to use the given constraint(s) to rewrite this objective function with just ﬁ/_’
one variable. There may be harder and easier ways to do this. Then we find its derivative and go

from there..

- We’llfind c such that
f(¢) =0 or does not exist. We
~ will check f(c) and S () at

endpomts to ﬁnd 1ts extrema

If the objective function is very
nasty to differentiate, consider
' rewritmg it in terms of ‘another

vanable Example 2 presents
' a:aother method.
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e MQ
expl I A rectangle is constructed with its base on the diameter of a seﬁale cle Wi us 5 and (;'-'

its two other vertices on the semicircle. What are the dimensions Qf fthe rectangle with maximum
area? / -

Draw a plct‘ure wnh :
thcse shapes centered =
and above the x—axxsr

| What e
= "flmctlonto be
2 __maxm:uzed‘?

- -We'needthe areaofa =
rectangle and the equahon =
= 0ol a(seml)cucle =

:CH{\‘\M,Q 96\“46(@&‘% Is (,OJ5>

x
i (L"c’; ; -3 \b : /\\.5\\(\ {.(w /i QV'Li Q‘)’le

A - z@m) v 5 (3250 2D
- 9(2s —x“)”z— 2><"C25*><'z> |

2(2s XS - 2

\ - [z )

Czs: XD 2x .
: =1
" (25- x) (?<-~x)/’
2
| = S0-2x =2 | sbo-Y4x
A (25 —X )"l” s ('z_g‘-»-)(”j’/z \
: [ iSO .
(more room on next page) | C fVH' P‘S sCCar M\_)’ re i (
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Solwe A' = 0
expl 1 work space: 0 — g—o _ L/)CQ-
—¢v = —ly>
X" S

Be sure you answer the questlon asked, leavmg answers in exact form.

h‘

89) l“@"’h% bﬁ\\’t\& Pea[-ﬂmbla

il e Area s
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expl 2: An 8-foot tall fence runs parallel to the wall of a
house at a distance of 3 feet. Find the length of the
shortest ladder that extends from the ground to the house

Let L b and x be deﬁned 7_ :
asmpmmre Doyousee
the Pythagorean theorem?

. , |
er = Cy\—+ 3) + b | S W\ﬂ&r %&%{E _ ! _ _ﬁwcf [l:u{ g; |
2 '“‘—Hb o _ i __
2= (e (32%) il

2 - 3) Lis anomeggﬂve
n 2 -l bx =2 (__K‘T
L= 0(-1-3 +( £+ 24x ) function. HencezLand
) C b= 8 Q-BD . = 2 have local extrema _
0 hoan L‘i/ , = dxr2g \ Shesme ""‘“‘?3’-‘3
= & :choosetommmze 15
))?9‘*9' \ e e asit sml"phﬁes our _]ob
\CV=¥+ 24T

$(17) = 20D + 2 o 24D (24D ke
=2xtb + (%x')(s-rzurx ) ux Al

L0 = X+ b —384x 2152 x e (p

A= 2% 4 b o 384 152 (gl o
50" T 3= . (%"”\S@W‘/
sz

(f’ﬁx‘* b _ 3eYx

+ —_
X2 )(3 X° " x= 3 )
(more room on next page)" “)i 9.\0 b

d o ox3- ?BL{x—-HBZ Jo° \;
4 CL/L> ; |, & (o
Jx - )
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expl 2 work space:

T -DgCCLq‘)

1SS an

G & (L) =0 = (. +3)(2x >~ 284)

- 2389 =0
- o ZX 3

not fee Wle X" =92

X= 1@z

Yet3

( f\ Y = ‘+ \g—?; gi 2
Ehlee (B3

| 2= ()4+5>

> =(4a35 +3)
3346

. I5 W \

N L""‘

=3

Don’t forget to find the length of the ladder. Round =

appropriately.

2x %+ ox%- 2Rix 7112 ~ ’
N - Ly oAerg ”
X } / ql,\odfgi}%
~ oy ®(x+3)— 384 (x+3
_ xa

(x+D( 2x°2 3vY)

]

defived at X?—o)((nofk Qﬁa‘il\d@

+ C%’-i-Q‘Vx)
(e+ 2%\2/“)
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S
expl 3: Find the height &, radlus #, and volume F of a right circular cylinder w1th maximum £7
volume that is inscribed in a sphere of radlus R. = 2
‘—___.____,..

(thh 1ts center) around 1t Note that the = ,'_'{f _
~ entire top and bottom edges of the
= cylmder Would be touchmg the sphere
Label 4, r, and R. Can you imagine the
. middle vertical plane within the cylinder? =

We seek to maximize =
volume (ob}ectlve '
function). That has two

~ independent variables

- so we’ll have to use the
sphere constraint to rid

ouiselves of one.

Can you 1mag1ne thls :
cylmder when /=07 What
anut when h 2R‘7 ,

-
N
=
C s
ey
N
=
|
ol
=
N

VU (R WA WWF& i dultrest
W l’l‘-:@) Ci;)}&rb({ﬁ( 3
Where \s V' undefinect 4 o Pak ciele /..

nowlere ‘f

(‘l{ e t»' '\,_’E ki W Leré
| D= T C = 31\2/‘0 h=2k ( | ]2)
~ / (‘,bj@hlcy(r v

A

et

2
0 = P i LH” (‘(ﬂli\h‘(”\/z
'3%2/

(more room on next page)
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