
 

Lecture 9.3 Applied Maximum MinimumProblems

59.4 More max min problems

MESSAGE Thesolution to many applied problems revolves
around maximizing or minimizing a unstrained functionof
onevariable
CHALLENGE Translate the original problem t a concrete

maximization minimization problem
Examples In Physical Sciences nature often wants to

minimize something
i energy used Hamilton's Principleof LEAST ACTION

e Time required to travel fromAto B Fermat's
Principle of LEAST TIME

In Business the simplest paradigm is

i minimize costs

e maximize profits

KEY STEPS Modeling Find the equations that g the
problemDetermine the constraints that must be met

EASY PART Calculus of maximizing minimizing a continuous

or differentiable function f D R where the amain
D is determined by the constraints of the problemWe have
z options for D
D is bounded D a b

D is unbounded Ca o l o b or R
unconstrained
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Roadmap Find the critical points f ee o n t is not

defined at c
values fcc fr c criticalpt

Compute f at the endpoints of D or

legs fax respectively fyi hi
I D a a or IR D to b AIR

Note If D a b his continuous then we knowby
EV T that f has global max min values

If D is unbounded the global max or min

valuesmay not exist I depends on what fig tix andglinting
Examples fix X f o R has global min but

I no global max
Min

Lex X h a o R his globalmin but
no global max

Y
L 1 b R has global max but

no global min

y
MAX

fix sin it has both global minimum maximum values on IR

Strategy adding
Understand Interpret the word problem
Make a careful sketch it theproblem is geometric Don't
include any unwanted assumptions leg symmetries that

aren't granted
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Label the figure with thegivendata suggestive names for

the variables
Write down the equations involved and what needs to be

maximize minimize Then transform the equation into a
single variable oneSolve the max min problem make sure the answer

makes sense in the context of the wordproblem

Examples
EXAMPLE I Show that the rectangle with maximum area

for a fixed perimeter is a square

Solution
h

h

h
i Aria t h m to bemaximized

l 4

l 2 Perimeter 21 24 2 Ith P
Pao is fixed

busta l h 0

Ith I fixed

Use e to turn Area esh into a single variable expression

Q How I Solve for l le I h replace this value
in Aria

Aria Area h E h h I h h

Constraints h 0 th 0 so o th e f
mo Aria D O I R is a continuous

differentiable function

graph says max is achieved at h so
l R h By



Sold MaximizeAgama h I h h one other
Wehave a global maximum by the EVT

1 CriticalPoints A h I 2h o so h f
2 CriticalValues A 11 E E

2

5 I I
3 Values at endpoints A107 0 Alf
a Comparism Alf is the winner so h f l E E
Conclude the f so therectangle is a square D

EXAMPLE2 Given 2 positive constraints as b consider the

region between the parabola a'y ab ab x and the
x axis Find the base and height of the largest rectangle
in area with lowerbase on the x axis upper vertices on
theparabola

Solution we draw the parabola by computing the x intercepts

a'y a'b 45 2
y o so a bx as

x If
Symmetry then says thevertexofthe parabola is the g

intercept

a'y a'b 45 2
x so so a'y ab

y b

f
box y aib bx so

h b 4 2

Ismay Ara th ah

Constraints Osx sq
Aix 2x b 41



We have a bounded problem maximize A x over o E
I Critical Pts A x 2b 8k 251 1

12 4
0

since b to we get x

Iq
Since x o we discard thenegativesolution

2 hitical Values A E 2g b 44,19 435g

3 Endpoint Values A 10 0 A E
4 Comparison Ig wins se base 2,13 g

height b EE 35

EXAMPLE 3 A cone with height h is inscribed in a largerone
with height H so that its vertex is at the center ofthe baseofthe

larger cone Show that the inner cone has maximum volumewhen

he 4 3

Big cone height H 0

radius R o
fixed

MY Ih
small one height h

radius r o
variables

inscribed inside t touching
theboundary

Constraints o s h E H o e r e R

Vol ane er h Isth we want to maximize it

Howto find a relation between r h

I Use geometry of triangular vertical cross section
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DBA AC because small one is

fire inscribed in the larger one

So tan a HE
A

p
c This gives r H h

Replace this expression in Volline to get a onevariable function

Velch I refill h h cubic polynomial in h

Vol is continuous and differentiable
Constraints o f he H Os r ER translates to

Of H h ER so OSHHEH
OEHEH

Now we find the global wax whichexists by EVT
Vel h III a H h l i ht H h

III H h 2h H h

III H h H 3h

so Vee h o fr h H r h

Vol H 0 Vol E IF H ITMRH O

End points Vol O Vol H o

Compare The winner is h


