
 Section 4.6 Optimization

Learning Goals



Goal solve applied problems involving finding min and max

of functions

Terminology

Objective function the quantity that we want to optimize
Needs to be expressed as a function of one single variable

Feasible intervals the interval of possible values for the
variable taking physical limitations into account

Examples 1 A farmer has 240ft of fencing to construct 3
adjacent rectangular pens What dimensions will result in the

largest total area

Step 1 draw picture and name variables
W

Step 2 find objective and constraints

h What do we need to maximize
Area A 3Wh

What are the constraints 240 ft of fencing
Gw 4h 240

Step 3 use constraint to express objective in terms of one
variable only
Gwt 4h 240 4h 240 6W 6 40 w h 32 40 w

So A 3Wh 3W 140 W



A w 92w 40 W

Step 4 find feasible interval

Lengths cannot be negative so w 0

h 0 240 6W 30

403W

Step 5 find max of objective function on interval of interest

A w 92 40W w on 0,40

Critical points A W 92140 2W 9 20 w

A w 0 w 20

Evaluate A w at critiial points and endpoint

Alo 0

A120 1800 The largest area occurs for w 20ft
A 40 0 and h 32 40 w 30 ft

nA

1800
120,1800

AW W40 w

W



2 Find the dimensions of the rectangle with largest area that
can be inscribed in a semi circle of radius 2

Step 1 draw picture and name variables

my
292 4 2 Step 2 find objective and constraints

atty Objective Area A 2xy
y Constraint x y 4

2 a 2

Step 3 use constraint to express objective in terms of one
variable only

y 4 y 4 x2

lyl V4 x2 930 for our purpose

y V4 x2
So A x 2xV4 x2

Step 4 find feasible interval o 2

Step 5 find max of objective function on interval of interest
A x 2xV4 x2 on 0,2

A x 2 V4 x2 2,4 2 7 2 V4
4

2 4 24 44 442 Rtx
V4 x2 V4 2

Critical points A x 0 V2 E

A x DNE 4 x2 0 2 2



Evaluate A x at critiial points and endpoint
A o 0

A E 252 42 4 The rectangle with largest area

ACH 0 has L a

AKI

8

x

3 A cylindrical box with open top has a volume of 50k in
The material used for the bottom of the box costs 6 per in

The material used for the side of the box costs 15 per in

Find the dimensions of the cheapest box

Step 1 draw picture and name variables

c r a Step 2 find objective and constraints

Objective cost C of the box
h C 6 surface of bottom

in 15 surface of side

C Gert 15 27th
C Gtr 30th



Constraints volume is 505 Trh 50k

Step 3 use constraint to express objective in terms of one
variable only
Ir h 50T h 52

So C 6tr Botr 59 r 6tr 150ft
r 6T r 251

Step 4 find feasible interval
Lengths cannot be negative r o

he 5
20 r o

So the feasible interval is 10,0

Step 5 find max of objective function on interval of interest

r 6T r 259 on 0,0

C r 6T ar 2 Gt 2r 250
re

12T 125

Critical points r 125 0 r 125 r 5

Interval is not closed and bounded

We cannot find max min by evaluating at endpoints

and critical points

We use FDT or SDT to classify the critical point



with FDT I s fi 1
4

With SDT r 61 2 515 0 on 0,0

So C concave up on 0,0

Either way we conclude that r is minimal when

r 5 in and h 5 2in

not
a

range

f r

4 An 2ft wall stands 16ft away from an infinitely
tall building Find the length of the shortest straight
beam that will reach the building from the ground outside

the wall

Objective length of beam For easier

differentiation we will optimize the
laser

n square of the length
2 B h 16

Wall 16 building

Constraint similar triangles h 2 2



So objective is B x 2 1 1 16 4 Y6 1672

Feasable interval so

We find the min of B x 4116 1 16 on o o

B x 4.2 26 16 128 516 26 16

26 16 64 1 21 16 64
3

Critical points B x
I 84 4

We use FDT to classify the critical point x 4

I
it 6 HIM HI

So the shortest beam is obtained when 4ft It has

length L 2141 t 1416 2052 ft

5 A rectangular box has total surface area 216 in and

its length is 4 times its width Find the dimensions of
such a box with largest volume

Objective volume 4 4

n Constraints S 216

c
4

2 ht 8xht 8 2 216

loxh 8 2 216



So loxh 216 8 2 h 216,58
2

1085,4
2

So the objective is x 4 2 10854
2

x 4 108 4 2 108 4 3

Feasible interval lengths must be 0

30
h o 10854

2
0 x 27 It

o

So the interval of interest is 0 V27

We find the absolute maximum of x 4 108 4 3

on o V27

x 108 12 2

Critical points 108 12 2 0

2 9

3 3

We use the SDT to classify the critical point 3

x 24 0 on o V27

So V is concave down on o V27 So is
maximal when 3 in

h 10854
2
24 in


