Sechion 4.6 Ooktimizotion |

Le,o-minq Goals

Learning Goal

Homework Problems

4.6.1 Given a word problem about optimization, determine
appropriate variables, a function to optimize, and the interval on
which it should be optimized. Use these to solve the word problem.

1-49a, 50a, 51-56,
64, 66a, 67- 71a,
72a, 73, 74.

4.6.2 Decide whether a function has a max or min on an open,
unbounded interval. If so, find it. Justify your conclusions.

8-11, 14, 15, 23, 28-
30, 35, 36, 38-41,
43, 45,52, 53, 73,
74.




Gool : solve o.Pplied Problems ;nvolvind {.'mdind min.  ond Max.

o,(.' {.u.r\ch'ons .

Terminology :

° Ob_'\e.c,\-{ve, .Fur\c)'ion . the c‘uar\H\'d thor we wank to oph'tm{%e_,

Needt +to be .o.me:zed af o funchon of one s'male varioble .

Feasible intervale :  the inkerva) of pos&%ble. va.luwes .(or the.

vorioble | +a.k|'n8 phd&ical limitahons inte  account.

Exa.m\eles: l) A facmec  hos dhoft of -(hndn\j to consthruer 3
ad\')acenl- rec,fansulo.r pens.. What  dimengions  will rauwllr in  the

lo rse;\- tolal area 7

Si-ee l +  dw pl'd'u.re, oand nome vanables .

Sﬂ Q- .‘:ind otéed-'we. ond ctonshainks .
h Whot do we need 4o  maximize ?

L Aeaa A - 3wh

What o the conthrank 7 = Jho & qof {aniclj
6w+ th = o .

S{-P.E 3 use onthraant o oxpress ob\')ed-\'ve, i teamd o,(! one
va.riable 00\3 :
6wt Gh - 2o = Gh = 2o - 6w = 6(%-\») o h= %(%-w).
So A: 3wh = 3w3(to-w)
g



Alw) = c?Iw(la-o-w).

Sl‘ee k . .f.h\d .\‘.Qas}ble.

interval .
Lens&-hs cannot  be

neﬂa.h'va, o WO

hz0 33 240 -6w=z©o

= fo >w.

S\EE S . .Fnd mnoax.

of ob\')edw've. funehon  on interval o intereat
Alw) = 3 [(tow- w> 4o .

(w) = (Yow ) on [o, j
Crihi cal Po'n nis -

A(w) = %(QO-Rw) = A(20-w)
A'(w) = 0 3

W= do,
Evaluate  A(w) aF crifical podk and  endpoint:
Alo) = o
A (ae) = |€oo0 = | The lo.rsex*' area  oceurs  for  w=2o.fi
A(4e) =o ond h= %(‘Io-w) = 3o {t
a A
%00 (20, 1809 )

Alw) = Tw(to-w)




.1) Finda  the dimnensiong of the md’onsle. with Iarsexl— orea  that

can be inScribed in o  Semi- cirde of rodive L .

Step t = drow picture  and nome  variables .

~y

xtry2s & 2 Step 2. find olt')ed-'we_ oand conshainks .
Objechive Areo. A - 2y
Gonshaiak :  x2+ g*= 4

S{-eﬁ 3 : uwse (onshroint to  exprass obded-\'ve, i teamy of one
variable °“‘3 .
xt+ 31 = 4 > 8": 4 - »t

ly! = Vx| §2©° Jor our purpor.
So  A(x) = 2x/e-xv.
Step & :  find feasible inferval: 0 ¢ xg2
Skp § : find max. of ob\)ed\'ve. funehon on interval of interest.

A(x) = 2 e-x* on [o,2].

L A(x) = R(Jmar xN;To(—.zx)> =a(\/¢+-_x= _\/J_ﬂ)

g boxto kg Mg amxt | (VE- x)(E4x)
N oo Vo xt Jio Vit

Crkeal Po'm‘s : A’(x) O = x= Ja,-12

A(x) DNE o U-x-0 a9 x=3-2



EBvaluate A(x) aof crhcal poinls  and endpoint:

A(e) = ©
A(J2) = ala 2 = & The. mdnndle_ wrth langesl- area
A(%) =o has width 2x= ala

height g = Voo = {2

~A%)

i x

3) A cﬁlindrica.l box  with open top hos o volume of ST in> .
The malerial  wed for the bokem of the box (osts $6 per in*
The @naterial  uwed for the Side of the box cotts  §I8 por nt.
Find  the dimnensions of +the  cheapest box.

Sl-ee l + dow pl'd-u.re, ond nome vanobles .

Q,‘ S'EE Q- {:{nd olt')ed-'we. ond conshranis .

Olo\')o.d-ive,: st C of the.  box
C - $6:(surface of bottom )

__________
.........

-

.’ S

SRR + 415 (surface of side)

C = 6”*+ 15 2crh

C - 6Rr** 30Trh



Conshraankt : volusne ¢ So = Trth = Sowr

onshraant o express obJQaHve, i teamy o_(! one_

Sl'eE 3 use
variable on\3 .
Tr*h - Sox = h = si
rz
So C = brr*+ 30T%r. & =2 C(r) - G6Tr*+ ISoe®
r2 -

C(r) = 6w (rr+ 252 ).

Step & find  feasible inferval .
Lens’rhs cannot be negative. r3 ©
hz o o So 20 = r#o0,
ry

So  the {-’e.a,sible, inferval ¢ (0,00).
S\EE s . .\‘.ind max, of ob‘)ed%ve, .(!w\c.h'on on interval of interest-.

C(r) = 6m (r*+ 95%) on (o,).

3
5 ) = 6o (2. ) o gr T3P . pporias
re ra r2
Crihcal Po'mh: ri- a5 = 0O o ri. Ly = r=S.

A Tater val 18 not  cdoed and  bounded .
L We cannok  find  anax/ mnin bJ Q,valua}'ms ol endpownk

and  cntical Po'm}s.
L We we POT or DT fo comify the ercal poink



With DT : \)/ shape of §
° O S ® 'cusn af p

Witn SoT . C"(I‘) = 6% 2.‘.

> >0 on (o, 00),
on (o, &)

Se C (oncave

Erther way , we tondude  thar C(r) ¢ mimmal  when

C= 5;1\ and h= 5_°.= 9.‘\0

ra

cLr)

() = 61:.(r"‘+ 2%_)

W

k) An  2ft wall stonds  KfE oway from  an infinitely
tall bu,lldn'ns. Find  the length  of  the  shortesk  shraighk
beam that will reach the bu.'lld'ma froam  the  gund  oukside
the wall,

Objechive. length  op  beaan . tor  easier

dl(.’@arenHaKon, we will ophmize the
h Square of the Ie.na-H\.

B - h+ x+1)2.

X Wall 16 buildi/\j

x 16 > h: 1ﬂ
X X

ConSh’o.‘m\' 1 seomlar ‘|‘rion3|€).s

h
2



Lo - 2 2
So objechive. e B(x)= (a ""T'"> + (ale)” = q.(x+ls> (x+e)*

Teasoble  inrval : X > O
We -Fl\o\ the mon. o_(,' B(x) e iy (x+ls) on [_o,w),

oufside
B'(x) =4aXle x-0) | g(ai) - o 1280 L g(a)
x x* x3
64-x3
= - b 2 - = - .
2(x+16) ( 5 1) (x+l6) —~

O"I‘HCOJ Poink : B'(x) =0 = xtlb:0 = xa2-1b
66-x320 9 x3:=64 o9 x=4

We wge FDT  ¢to dass';.?a the  criheal P:N- x=G.

g'(x)

c-)c+>§—+} ©)

(L -
()("‘&) +)

\/ shope. of £
° S q,. ® 'Clsf\ of p ¢

So the shorftaat beam  i¢  obtained when x= 4k, Th hao
lengin L: / 2 (El) s ()t = o2 fe|,

5 ) A rec\'arxsu\o.r box hat {otal Surface. area. 36 -  and

its |U\3H\ 1 b Hme e widh.  Find the  dimentions of

Such o box. with lacam- volume .

Db\soc,\-Ivo,: volume V= lGxh

Gonetrarnk - S=- alb
X A¢ch+ Bxh+ 82 : alb

"s
N

A
X loxh + 8x*- 6



dlo-€x2 108 - 4x2

-

lox. 5x

Qo IO)(V\ = &lb - gk"' =2 h =

S the Ob\)ad-;\/& .|S V(K) - Ux? 108 - 4x?
Sx

V(X) = %X(Iog“lbx") = %(IogX‘ &x3)
Feasible interval : lengthe  mnuct be > o
X 3 ©
hs o 3 lo8 - bex so = x*¢ '%f—:&’-\-d x £ 2.

Sy
X ¢ ©

So the interval of et s (o, /= ]

We ,\’.;l\d the  obsolute  Moximmwm of V(x) = %(_lo&x-&x:’)

on (o V3] .
Vi(x) = %_(los - @x?).

Critical po'm\S : lo8 - 1&x> - O
x2 = Q
x= 3, -3

We use +4he &DT 4o clo.se\.(!& e  enbheal point  x= 3.
\"(x) = % (-2x) 2 o o (o VA].
S \VARIY tonCave dowa On (o, \/E-}] & V g

0 o ol when X=3 In
A= ‘08-‘(&1 - a .V\

Sx 5




