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E x ercise s for Se ctio n 3. 3 See www.CalcChat.com for worked-out solutions to odd-numbered exercis

In Exercises 1 and 2, use the graph of f to find (a) the largest 16. f(x) = cos?x — cosx, 0 < x < D
open interval on which f is increasing, and (b) the largest open

interval on which f is decreasing, In Exercises 17-38, (a) find the critical numbers of  (if a

(b) find the open interval(s) on which the function is increas
or decreasing, (c) apply the First Derivative Test to identify
relative extrema, and (d) use a graphing utility to confirm v
results.

17. f(x) = x2 — 6x 18. f(x) =x2+ 8x + 10
19. fx) = —2x2 + 45 + 3 20. f(x) = —(x2+ 8x + 120
2L f(x) = 2x3 4+ 3x2 — 12x 22, f(x) =x3—6x2 + 15

—

| 8 2 & 5 13 i 23 f(x) = 223 — x) 24. (0 = (x + 2)%(x = 1)
_ X =5 = g4 _
In Exercises 3-16, identify the open intervals on which the func- 25 f&) = 5 26. f) = x* ~32x + 4
tion is increasing or decreasing. 27. f(x) = x1/3 + 1 28, f(x) =x23 -4
. f)=x2—6x+8 4. y=—(x+1)2 29. flx) = (x — 1)2/3 30. f(x) = (x—1)1/3
¥ y 3. fx) =5~ |x = 5 2. f) = |x+3 -1
x oL S
33, f(x)—x+x 34. f(x)_x+l
w2 x+3
35. k) = 2.9 36. f(x) = e
X2 =2+ 1 X2 = By==1
i L BSW) = —

5. In Exercises 39-46, consider the function on the interval (0, 2=
For each function, (a) find the open interval(s) on which &
function is increasing or decreasing, (b) apply the Fin
Derivative Test to identify all relative extrema, and (c) use
graphing utility to confirm your results.

39. flx) = % + cos x 40. f(x) = sin x cos x
41. f(x) = sinx + cos x 42. f(x) =x+ 2sinx
43. f(x) = cos(2x) 44. f(x) = /3sinx + cosx
7. f() =sinx +2,0 <x < 27 8. h(x)=cos£,0<x<277 = a2 : —_ sinx
5 45. f(x) = sin®x + sinx 46. f(x) T+ s
y y
3 5 i . In Exercises 47-52, (a) use a computer algebra system
, differentiate the function, (b) sketch the graphs of f and f”«
T the same set of coordinate axes over the given interval, (c) fi
| s the critical numbers of f in the open interval, and (d) find the
_ ! interval(s) on which f’is positive and the interval(s) on which &
i S is negative. Compare the behavior of S and the sign of Vi
21 4. /) = 29— 22, [-3,3]
I 48. f(x) =10(5 - VX2 =35 1 16), [0.5]
9. flv) = L 10, y = X
Pe 341 9. f0) = 2sine, [0,24] 50, f(x) = g + cos % [0, 47
11, glx) =x2—2x — 8 12. A(x) = 27x — 3
X
51. = =38in=, -0, 6
13. y=x/16 = 22 (A &) sing, [0, 6a]
X

52, =2sin3x + 4 3x, [0,
15. y = x — 2 cosx, 0<x<27 % g cob3x (D, o]
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Exercises 53 and 54, use symmetry, extrema, and zeros to
=ich the graph of f. How do the functions f and g differ?

: 4t A4 3y
B8 f(x) = oz it

S8 f(1) = cos?r — sin?r, g(t) =1 — 2sin’t

gx) = x(x2 — 3)

Twink About It 1In Exercises 55-60, the graph of f is
@own in the figure. Sketch a graph of the derivative of f. To
int an enlarged copy of the graph, go to the website
.mathgraphs.com.
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= Exercises 61-64, use the graph of f’ to (a) identify the
me=rval(s) on which f is increasing or decreasing, and (b)
ate the values of x at which f has a relative maximum or

62. y
f'\z;
bt st Pt
4 =4 THo N\ 2
=4
_6——
64. y
4
2 f’
o o
=hs =h 2 4
fo x -2
4
Al
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Writing About Concepts

In Exercises 65-70, assume that f is differentiable for all x.
The signs of f” are as follows.

fx) > 00n(—oo, —4)
fx) < 0on(—4,6)
f/x) > 0on (6,00)

Supply the appropriate inequality for the indicated value of c.

Function Sign of g'(c)
65. g(x) =f(x) +5 2’(0) 0
66. ¢(x) = 3f(x) —'3 g1=5) 0
67. g(x) = —f(x) g'(—6) 0
68. g(x) = —f(x) g'(0) 0
69. g(x) = f(x — 10) g'(0) 0
70. g(x) = f(x — 10) g’(8) 0

71. Sketch the graph of the arbitrary function f such that

>0, x<4
f/(x) {undefined, x = 4.
<0, x>4

72. A differentiable function f has one critical number at x = 5.
Identify the relative extrema of f at the critical number if

@) = —2.5and f(6) = 3

73. Think About It The function f is differentiable on the
interval [—1, 1]. The table shows the values of f’ for selected
values of x. Sketch the graph of £, approximate the critical
numbers, and identify the relative extrema.

x =1 | =075 | =050 | =025

e —-10 | 32 | —05 | o8

x 0 025 | 050 | 0.75 1
F@| 56 36 |08 | 67 =201

74. Think About It The function f is differentiable on the
interval [0, 7). The table shows the values of f’ for selected
values of x. Sketch the graph of f, approximate the critical
numbers, and identify the relative extrema.

x 0 /6 /4 /3 /2
fley| 314 | —023 | —245 | =311 | 069

X 2m/3 3m/4
i) | 3.00 1.37

5/6 T
=114 | —2.84
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75. Rolling a Ball Bearing A ball bearing is placed on an
inclined plane and begins to roll. The angle of elevation of the
plane is 6. The distance (in meters) the ball bearing rolls in ¢
seconds is s(r) = 4.9(sin 6)¢2.

(a) Determine the speed of the ball bearing after 7 seconds.

(b) Complete the table and use it to determine the value of 6
that produces the maximum speed at a particular time.

0 O | /4| @/3 | @/2|2w/3 |37/4 | =
s'(t)
76. Numerical, Graphical, and Analytic Analysis The concen-

tration C of a chemical in the bloodstream ¢ hours after injection
into muscle tissue is
3t

cly= 27 + 1%

=0,

(a) Complete the table and use it to approximate the time when
the concentration is greatest.

t 0
(6(())

0.5 1 1.5 2553

- (b) Use a graphing utility to graph the concentration function
and use the graph to approximate the time when the
concentration is greatest.

(¢) Use calculus to determine analytically the time when the
concentration is greatest. _
77. Numerical, Graphical, and Analytic Analysis Consider the
functions f(x) = x and g(x) = sin x on the interval (0, 7).

(a) Complete the table and make a conjecture about which is
the greater function on the interval (0, 7).

5% 0.5 1 1.5

Sflx)
g(x)

25.1°3

. (b) Use a graphing utility to graph the functions and use the
graphs to make a conjecture about which is the greater
function on the interval (0, 7).

(c) Prove that f(x) > g(x) on the interval (0, 7). [Hint: Show
that 2'(x) > 0 where h = f — g.]
78. Numerical, Graphical, and Analytic Analysis Consider the
functions f(x) = x and g (x) = tan x on the interval (0, 7/2).

(a) Complete the table and make a conjecture about which is
the greater function on the interval (0, 7/2).

5% 0.25 110:57"0.75 "1

fx)
g(x)

125715

T A SN 0

. (b) Use a graphing utility to graph the functions and use

79.

80.

81.

fE s2.

. 83.

graphs to make a conjecture about which is the greas
function on the interval (0, 7/2).

(c) Prove that f(x) < g(x) on the interval (0, 7/2). [Him

Show that /1/(x) > 0, where h = g — f.]
Trachea Contraction Coughing forces the trachea (wine
pipe) to contract, which affects the velocity v of the air passi e
through the trachea. The velocity of the air during coughing =

v=kR—-1rry 0<r<R

where k is constant, R is the normal radius of the trachea, a=
r is the radius during coughing. What radius will produce
maximum air velocity?

Profit  The profit P (in dollars) made by a fast-food restaur=
selling x hamburgers is

x2

P =244x — 20.000

5000, 0 < x < 35,000.

Find the open intervals on which P is increasing or decreasing.

Power The electric power P in watts in a direct-current circes
with two resistors R| and R, connected in parallel is

_ YRR,
(R; +R5)?
where v is the voltage. If v and R, are held constant, what resic
tance R, produces maximum power?
Electrical Resistance The resistance R of a certain type o

resistor is

R = J0.001T* — 4T + 100

where R is measured in ohms and the temperature 7 =

measured in degrees Celsius.

(a) Use a computer algebra system to find dR/dT and tae
critical number of the function. Determine the minimu=
resistance for this type of resistor.

(b) Use a graphing utility to graph the function R and use the
graph to approximate the minimum resistance for this type.
of resistor.

Modeling Data The end-of-year assets for the Medicars

Hospital Insurance Trust Fund (in billions of dollars) for the

years 1995 through 2001 are shown.

1995: 130.3; 1996: 124.9; 1997: 115.6; 1998: 120.4;

1999: 141.4; 2000: 177.5; 2001: 208.7

(Source: U.S. Centers for Medicare and Medicaid Services)

(a) Use the regression capabilities of a graphing utility to fins
a model of the form M = ar®> + bt + ¢ for the data. (L=
t = 5represent 1995.)

(b) Use a graphing utility to plot the data and graph the mode!.

(¢) Analytically find the minimum of the model and compar=
the result with the actual data.
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' %2 Modeling Data The number of bankruptcies (in thousands)
E for the years 1988 through 2001 are shown.

1988: 594.6; 1989: 643.0; 1990: 725.5; 1991: 880.4;
1992: 972.5; 1993: 918.7; 1994: 845.3; 1995: 858.1;
1996: 1042.1; 1997: 1317.0; 1998: 1429.5;

1999: 1392.0; 2000: 1277.0; 2001: 1386.6

(Source: Administrative Office of the U.S. Courts)

(a) Use the regression capabilities of a graphing utility to find
amodel of the form B = at* + bt? + ct> + dt + e for the
data. (Let ¢t = 8 represent 1988.)

ib) Use a graphing utility to plot the data and graph the model.

‘c) Find the maximum of the model and compare the result
with the actual data.

son Along a Line In Exercises 85-88, the function s(¢)
wribes the motion of a particle moving along a line. For each
~tion, (a) find the velocity function of the particle at any time
0. (b) identify the time interval(s) when the particle is
ing in a positive direction, (c) identify the time interval(s)
:n the particle is moving in a negative direction, and
identify the time(s) when the particle changes its direction.

) — 6 — 2
8l — 12— 52+ 4
sir) =13 — 20:2 + 128t — 280

86. s(t) = — Tt + 10

Along a Line In Exercise 89 and 90, the graph shows
position of a particle moving along a line. Describe how the
icle’s position changes with respect to time.

90. s

} | | t

O |
3 269512 15 V18

wa=ng Polynomial Functions In Exercises 91-94, find a
wmomial function

B =g x" +a,_x" 1+ +ax®tax+a

=t has only the specified extrema. (a) Determine the minimum
: of the function and give the criteria you used in
w=mining the degree. (b) Using the fact that the coordinates
e extrema are solution points of the function, and that the
dinates are critical numbers, determine a system of linear
sons whose solution yields the coefficients of the required
<ion. (¢) Use a graphing utility to solve the system of
sons and determine the function. (d) Use a graphing utility
irm your result graphically.

% =lative minimum: (0, 0); Relative maximum: (2, 2)
= =lative minimum: (0, 0); Relative maximum: (4, 1000)
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93. Relative minima: (0, 0), (4, 0)
Relative maximum: (2, 4)

94. Relative minimum: (1, 2)
Relative maxima: (—1, 4), (3, 4)

True or False? 1In Exercises 95-100, determine whether the
statement is true or false. If it is false, explain why or give an
example that shows it is false.

95. The sum of two increasing functions is increasing.

96. The product of two increasing functions is increasing.

97. Every nth-degree polynomial has (n — 1) critical numbers.

98. An nth-degree polynomial has at most (n — 1) critical
numbers.

99, There is a relative maximum or minimum at each critical
number.

100. The relative maxima of the function f are f(1) =4 and
£(3) =10. So, f has at least one minimum for some x in the
interval (1, 3).

101. Prove the second case of Theorem 3.5.
102. Prove the second case of Theorem 3.6.

103. Let x>0 and n > 1 be real numbers. Prove that
Q+x>1+nx

104. Use the definitions of increasing and decreasing functions to
prove that f(x) = x3 is increasing on (— o0, o0).

105. Use the definitions of increasing and decreasing functions to
prove that f(x) = 1/x is decreasing on (0, o).

Section Project: = Rainbows

Rainbows are formed when light strikes raindrops and is reflected
and refracted, as shown in the figure. (This figure shows a cross
section of a spherical raindrop.) The Law of Refraction states that
(sin @)/(sin B) = k, where k = 1.33 (for water). The angle of
deflection is given by D = 7 + 2a — 48.
(a) Use a graphing utility to graph
D = 7+ 2a — 4sin™'(1/k sin ),
0< ac< m/2

(b) Prove that the minimum angle of
deflection occurs when

=1 o
3 ’ Water
For water, what is the minimum angle of deflection, D, ;,?
(The angle = — D,,;, is called the rainbow angle.) What value
of « produces this minimum angle? (A ray of sunlight that
strikes a raindrop at this angle, «, is called a rainbow ray.)

FOR FURTHER INFORMATION For more information about
the mathematics of rainbows, see the article “Somewhere Within
the Rainbow™ by Steven Janke in The UMAP Journal.

cos a =





