Extreme Values

Analyzing Functions from Derivatives
Answer the following questions about the functions whose derivatives
are given in Exercises 1-14:
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a. What are the critical points of f?
b. On what intervals is f increasing or decreasing?

¢. At what points, if any. does f assume local maximum and
minimum values?
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f'lx) = x_]’q(x + 2) 12. f'(x) = x_l”?{x — 3)
f'(x) = (sinx — 1)(2cosx + 1),0 = x =27

f'(x) = (sinx + cosx)(sinx — cosx).0 =x = 27

5-6 I The graph of the derivative [’ of a function [ is shown.
(a) On what intervals i1s f increasing or decreasing?
(b) At what values of x does f have a local maximum or minimum?
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Identifying Extrema

(a) Find the open intervals on which the function is increasing and decreasing.
(b) Identify the function’s local extreme values, if any, saying where they occur.
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19. g(t) = =12 =3t + 3 20. g(t) = =32+ 9t + 5
21. h(x) = —x° + 2x? 22. h(x) = 2x° — 18
23. f(8) = 36° — 4¢° 24. f(8) = 66 — &°
25. f(r) = 3r° + lor 26. h(r) = (r +7)°
27. f(x) = x* — 8&x? + 16 28, g(x) = x* — 4x® + 4x?
29. H(t) = %34 — 1° 30. K(t) = 152 — ¢°
3. flx) =x — 6\Vx — 1 32. g(x) =4Vx —x* + 3
33. g(x) = xV8 — x? 34, g(x) =x>V5 —x
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35.f(x)—x_2, x#2 36.f(x)—3x2+]
37. f(x) = x"P(x + 8) 38. g(x) = x¥3(x + 5)
39. h(x) = x'P(x* — 4) 40. k(x) = x2(x2 — 4)
41. f(x) = ¥ + e 42. f(x) = eV*

43. f(x) = xInx 44. f(x) = x’Inx



Mathematical Applications

Whenever you are maximizing or minimizing a function of a single vari-
able, we urge you to graph it over the domain that is appropriate to the
problem you are solving. The graph will provide insight before you cal-
culate and will furnish a visual context for understanding your answer.

I. Minimizing perimeter What is the smallest perimeter possible
for a rectangle whose area is 16 in?, and what are its dimensions?

2. Show that among all rectangles with an 8-m perimeter, the one
with largest area is a square.

3. The figure shows a rectangle inscribed in an isosceles right trian-

gle whose hypotenuse is 2 units long.

a. Express the y-coordinate of P in terms of x. (Hint: Write an
equation for the line 4B.)

b. Express the area of the rectangle in terms of x.

¢. What is the largest area the rectangle can have, and what are
its dimensions?
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8. The shortest fence A 216 m? rectangular pea patch is to be en-

closed by a fence and divided into two equal parts by another
fence parallel to one of the sides. What dimensions for the outer
rectangle will require the smallest total length of fence? How
much fence will be needed?

. Designing a tank Your iron works has contracted to design and
build a 500 ft*, square-based, open-top, rectangular steel holding
tank for a paper company. The tank is to be made by welding thin
stainless steel plates together along their edges. As the production
engineer, your job is to find dimensions for the base and height
that will make the tank weigh as little as possible.



11. Designing a poster You are designing a rectangular poster to
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contain 50 in® of printing with a 4-in. margin at the top and bot-
tom and a 2-in. margin at each side. What overall dimensions will
minimize the amount of paper used?

Designing a box with a lid A piece of cardboard measures 10
in. by 15 in. Two equal squares are removed from the corners of a
10-in. side as shown in the figure. Two equal rectangles are re-
moved from the other corners so that the tabs can be folded to
form a rectangular box with lid.
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Write a formula F(x) for the volume of the box.

Find the domain of F for the problem situation and graph ¥
over this domain.

Use a graphical method to find the maximum volume and the
value of x that gives it.

Confirm your result in part (c) analytically.
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Paper folding A rectangular sheet of 8.5-in.-by-11-in. paper is
placed on a flat surface. One of the corners is placed on the oppo-
site longer edge, as shown in the figure, and held there as the pa-
per is smoothed flat. The problem is to make the length of the
crease as small as possible. Call the length L. Try it with paper.

a. Show that L> = 2x?/(2x — 8.5).
b. What value of x minimizes L>?

c¢. What is the minimum value of L7
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Constructing cylinders Compare the answers to the following
two construction problems.

a. A rectangular sheet of perimeter 36 cm and dimensions
x cm by y cm is to be rolled into a cylinder as shown in
part (a) of the figure. What values of x and y give the
largest volume?

b. The same sheet is to be revolved about one of the sides of
length y to sweep out the cylinder as shown in part (b) of
the figure. What values of x and y give the largest volume?

X

Circumference = x
CSsivoy
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27. Constructing cones A right triangle whose hypotenuse is
\/3 m long is revolved about one of its legs to generate a right
circular cone. Find the radius, height, and volume of the cone of
greatest volume that can be made this way.

37. Vertical motion The height above ground of an object moving
vertically is given by

s = —1662 + 96t + 112,

with s in feet and 7 in seconds. Find
a. the object’s velocity when t = 0;
b. its maximum height and when it occurs;

c. its velocity when s = 0.

39. Shortest beam The 8-ft wall shown here stands 27 ft from the
building. Find the length of the shortest straight beam that will
reach to the side of the building from the ground outside the wall.

Beam Building




