MTH 173 3.7 Handout

'EXAMPLE 1§

Finding Maximum Volume

A manufacturer wants to design an open box having a square base and a surface area of

108 square inches, as shown in Figure 3.53. What dimensions will produce a box with
maximum volume?

GUIDELINES FOR SOLVING APPLIED MINIMUM AND
MAXIMUM PROBLEMS

1. Identify all given quantities and all quantities to be determined. If possible,
make a sketch.

2. Write a primary equation for the quantity that is to be maximized or

minimized. (A review of several useful formulas from geometry is presented
inside the back cover.)

- Reduce the primary equation to one having a single independent variable.

This may involve the use of secondary equations relating the independent
variables of the primary equation.

Determine the feasible domain of the primary equation. That is, determine

the values for which the stated problem makes sense.

5. Deter.mine the desired maximum or minimum value by the calculus
techniques discussed

in Sections 3.1 through 3.4, J
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INNINRI]  Finding Minimum Distance

* * * + > See LarsonCalculus.com for an interactive version of this type of example.

Which points on the graph of y = 4 — 2 are closest to the point (0, 2)?

-t

L — A

The quantity to be minimized is
stance: d = /{x = O + (y — D"
Figure 3,55
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EXAMPLE 3}

Finding Minimum Area

A rectangular page is to contam 24 square inches of print. The margins at the top and
bottom of the page are to be 12 inches, and the margins on the left and right are to be
1 inch (see Figure 3.56). What should the dimensions of the page be so that the least
amount of paper is used?

lin . lin.

The quantity to be minimized is area:
A=(x+3)(y +2).
Figure 3.56
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Finding Minimum Length

Two posts, one 12 feet high and the other 28 feet high, stand 30 feet apart. They are to
be stayed by two wires, attached to a single stake, running from ground level- to the top
of each post. Where should the stake be placed to use the least amount of wire?

The quantity to be minimized is length-
From the diagram, you can see that *
varies between 0 and 30.

Figure 3,57
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EXAMPLE 5

An Endpoint Maximum

Four feet of wire is to be used to form a square and a circle. How much of the wire

should be used for the square and how much should be used for the circle to enclose the
maximum total area?

x Area: x2

Perimeter: 4x

Circumference: 277

The quantity to be maximized is area:
A=x2y m2
Figure 3,59
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Maximum Area A rectangle is bounded by the x- and
g _axes and the graph of y = (6 — x)/2 (see figure). What
{ength and width should the rectangle have so that its area is

amaximum?
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Figure for 22 Figure for 23

B. Minimum Length and Minimum Area A right
tri‘fngle is formed in the first quadrant by the x- and y-axes and
aline through the point (1, 2) (see figure).

s @) Write the length L of the hypotenuse as a function of x.

®) Use a graphing utility to approximate x graphically such
that the length of the hypotenuse is a minimum.

(©) Fipd the vertices of the triangle such that its area is 2
mmimUm-
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94, Maximum Area Find the area of the largest isosceles
triangle that can be inscribed in a circle of radius 6 (see figure).

MTH 173 3.7 Handout

(2) Solve by writing the area as a function of 4. ~

(b) Solve by writing the area as a function of a.

(c) Identify the type of triangle of maximum area.

Figure for 24
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29. Maximum Volume A rectangular package to be sent by
a postal service can have a maximum combined length and
girth (perimeter of a cross section) of 108 inches (see figure).
Find the dimensions of the package of maximum volume that
can be sent. (Assume the cross section is square.)
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40. Nlumination A light source is located over the center of a
circular table of diameter 4 feet (see figure). Find the height &
of the light source such that the illumination I at the perimeter
of the table is maximum when

_ ksina

1 2

where s is the slant height, « is the angle at which the light
strikes the table, and k is a constant.
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44. Minimum Time When light waves traveling in a
transparent medium strike the surface of a second transparent
medium, they change direction. This change of direction is
called refraction and is defined by Snell’s Law of Refraction,
sin §; _ sin 6,

Vi vy

where 6, and 6, are the magnitudes of the angles shown in the
figure and v, and v, are the velocities of light in the two media.
Show that this problem is equivalent to that in Exercise 42, and
that light waves traveling from P to Q follow the path of
minimum time.

Po\,., AT RS R Y
o 0
i ! Medium 1
N I
dl \\\ 91 :
\/{
1 - Yot a-x
r~
i S
Medium 2 :/92 ‘\jdz
1
o

10| Page



MTH 173 3.7 Handout

PP‘ 43. Minimum Distance Sketch the graph of
f(x) = 2 — 2 sin x on the interval [0, 7/2].

(a) Find the distance from the origin to the y-intercept and the
distance from the origin to the x-intercept.

(b) Write the distance d from the origin to a point on the graph
of f as a function of x. Use your graphing utility to graph d
and find the minimum distance.

(c) Use calculus and the zero or root feature of a graphing
utility to find the value of x that minimizes the function d
on the interval [0, 7r/2]. What is the minimum distance?

(Submitted by Tim Chapell, Penn Valley Community College,
Kansas City, MO)
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47. Maximum Profit Assume that the amount of money
deposited in a bank is proportional to the square of the interest
rate the bank pays on this money. Furthermore, the bank can
reinvest this money at 12%. Find the interest rate the bank
should pay to maximize profit. (Use the simple interest formula.)

12|Page



