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CHAPTER 5

Exercises for Section 5.4

In Exercises 1-14, solve for x accurate to three decimal places.

1. ez =4 2, eln2x =19
3.e5=12 4. 4e* =83
5.9 —2e*=17 6. —6 + 3e* =
7. 50e™* = 30 8. 200e~* = 15
9. Inx =2 10. Inx> = 10
11. In(x —3) =2 12. Indx =1
B nx+2=1 14. In(x — 2)> = 12
In Exercises 15-18, sketch the graph of the function.
15. y = 16. y = %e"
17. y=¢* 18. y = ¢=¥/2

. 19.

. 20.

Use a graphing utility to graph f(x) = e*and the given function
in the same viewing window. How are the two graphs related?
@ gl) = e2 (0) h() = —3¢*  (©) g) = e +3
Use a graphing utility to graph the function. Use the graph to
determine any asymptotes of the function.

(@) flx) = ﬁ

8
(b) glx) = T+ o0

In Exercises 21-24, match the equation with the correct graph.
Assume that a and C are positive real numbers. [The graphs are
labeled (a), (b), (c), and (d).]

(a) y (b) 8
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21. y = Ce% 22, y = Ce™*
oy _ C
23. Y= C(l e ) 24 ¥ = 1 + e—ax

. 29.

Logarithmic, Exponential, and Other Transcendental Functions

See www.CalcChat.com for worked-out solutions to odd-numbered exerci

In Exercises 25-28, illustrate that the functions are inverses
each other by graphing both functions on the same set of ¢
dinate axes.

25. f(x) = e 26. f(x) = e/3

g(x) = Inx gx) =Inx?
27. f(x) = e — 1 28, fx) = e*=1
gl) =In(x + 1) gx)=1+Inx

Graphical Analysis  Use a graphing utility to graph

i (1 + 0x—5>x and  g(x) = 05

in the same viewing window. What is the relationship bets
f and g as x— o0?

30. Conjecture Use the result of Exercise 29 to make a com
ture about the value of

()

as x — oo.

In Exercises 31 and 32, compare the given number with
number e. Is the number less than or greater than e?

(See Exercise 30.)

1 1,000,000
S

1,000,000

11 1 1 1 1
. S+ -+ = +
321+1+2+6+24+120 720

5040

In Exercises 33 and 34, find an equation of the tangent line '
the graph of the function at the point (0, 1).

33. (a) y =e% (b) y =e 3
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Exercises 35-48, find the derivative. 73. Area Find the area of the largest rectangle that can be
3 5 e inscribed under the curve y = ¢~** in the first and second
gG) = o> 36. y=e* quadrants.
== x — 22, =x
= 8. y=are . 74. Area Perform the following steps to find the maximum area

. g step
2lr) = (e7" + ¢')3 40. g(r) = e/ of the rectangle shown in the figure.
5 o : : 3

(1 + &) R ln<1 ex> (a) Solve for ¢ in the equation f(c) = f(c + x).

l—e (b) Use the result in part (a) to write the area A as a function of
- 2 Pl erTige x. [Hint: A = xf(c)]
g e 2 (c) Use a graphing utility to graph the area function. Use the

+ = e*(sin x + cos x) 46. y = Ine* graph to approximate the dimensions of the rectangle of

Inx e2x maximum area. Determine the maximum area.
) — 1 = ; o ;
Fu) L 2l 48. F(x) J; In(r + 1) dr (d) Use a graphing utility to graph the expression for ¢ found

in part (a). Use the graph to approximate

"= Exercises 49-56, find an equation of the tangent line to the lim e and i

: of the function at the given point. =30 %30

Use this result to describe the changes in dimensions and

3 —-x — ,—2x+x? e
) =75 (1,1) 50. y =", (2,1) position of the rectangle for 0 < x < oo.

5 " % + = N

¥ = In(e?), (-2,4) 52. y= 1neTe, (0,0) y

B 5 = x2¢* — 2xe* + 2¢%, (l,e) EE
2 N . .0 wik J0)=10xer®

#) = e *Inx, (1,0) 56. f(x) =e*Inx, (1,0)

ises 57 and 58, use implicit differentiation to find dy/dx. 1

e — 10x +3y=0 58, e? + ¥ —y2 =10 Tl B

Exercises 59 and 60, find an equation of the tangent line to

75. Verify that the functi
zraph of the function at the given point. % Yol fha e firniion

L

=+ ye* =1, (0,1) 60. 1 +Inxy=e*"> (1,1) R a =0 b0 Lis0

Esercises 61 and 62, find the second derivative of the increases at a maximum rate when y = L/2.

130 n.

. 76. Writing Consider the function f(x) = ﬁ
Flx) = (3 + 2x)e~ 3 62. g(x) = J/x + e lnx &
(a) Use a graphing utility to graph f.

& Esercises 63 and 64, show that the function y=f(x)isa (b) Write a short paragraph explaining why the graph has a

son of the differential equation. horizontal asymptote at y = 1 and why the function has a
3 nonremovable discontinuity at x = 0.

¥ = e-‘(cos V2x + sin ﬁx) 4

. 77. Find a point on the graph of the function f(x) = e2* such that
the tangent line to the graph at that point passes through the
origin. Use a graphing utility to graph f and the tangent line in

=2y + 5y =0 the same viewing window.

- 2’ +3y=0
= = ¢%(3 cos 2x — 4 sin 2x)

. 78. Find the point on the graph of y = ¢~* where the normal line to

» ises 65-72, find the extrema and the points of inflection the curve passes through the origin. (Use Newton’s Method or
¥ wmy exist) of the function. Use a graphing utility to graph the the zero or root feature of a graphing utility.)
“on and confirm your results. 79. Depreciation The value V of an item ¢ years after it is

purchased is V = 15,000e=0028¢" 0 < ¢ < 10.

:, E = ex + e*.\‘ i et — e x
) = ) 66. f(x) = 2 (a) Use a graphing utility to graph the function.
1 4 . (b) Find the rate of change of V with respect to  when ¢ = 1
etx) = 2’n_e‘("'_z) /2 68. g(x) = 27’_8_(“3)./2 andt = 5.
) — 2. 70. £(x) = xe~* (c) Use a graphing utility to graph the tangent line to the

function when ¢t = 1 and r = 5.
gi)=14+ 2+ pe! 72. f(x) = =2 + e¥(4 — 2x)
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. 80. Harmonic Motion The displacement from equilibrium of a
mass oscillating on the end of a spring suspended from a
ceiling is
Yy = 1.56¢7922 co5 4.9¢

where y is the displacement in feet and ¢ is the time in seconds.
Use a graphing utility to graph the displacement function on the
interval [0, 10]. Find a value of 7 past which the displacement
is less than 3 inches from equilibrium.

. 81. Modeling Data A meteorologist measures the atmospheric

pressure P (in kilograms per square meter) at altitude % (in
kilometers). The data are shown below.

h 0 ) 10 15 20
P | 10,332 | 5583 2376 1240 517

(a) Use a graphing utility to plot the points (h, In P). Use the
regression capabilities of the graphing utility to find a linear
model for the revised data points.

(b) The line in part (a) has the form
InP = ah + b.

Write the equation in exponential form.

(¢) Use a graphing utility to plot the original data and graph the
exponential model in part (b).

(d) Find the rate of change of the pressure when # = 5 and
h = 18.

. 82. Modeling Data The table lists the approximate value V of
a mid-sized sedan for the years 1997 through 2003. The variable
trepresents the time in years, with ¢ = 7 corresponding to 1997,

t 7 8 9 10
V| $17.040 | $14,590 | $12,845 $10,995

t 11 12 13
V| $9220 $8095 $6835

(a) Use a computer algebra system to find linear and quadratic
models for the data. Plot the data and graph the models.

(b) What does the slope represent in the linear model in
part (a)?

(c) Use a computer algebra system to fit an exponential model
to the data.

(d) Determine the horizontal asymptote of the exponential
model found in part (c). Interpret its meaning in the context
of the problem.

(e) Find the rate of decrease in the value of the sedan when
= 8and ¢ = 12 using the exponential model.

Logarithmic, Exponential, and Other Transcendental Functions

. Linear and Quadratic Approximations 1In Exercises 83 and

use a graphing utility to graph the function. Then graph
Py(x) = £(0) + £10)(x - 0)

and

Px) = £(0) +£0)x = 0) + 31 0)(x ~ 0)2

in the same viewing window. Compare the values of f, Py
P, and their first derivatives at x = 0,

83. f(x) = /2 84. f(x) = e¥2
In Exercises 85-98, find the indefinite integral.

85. f e(5) dx 86. f e (—4x3) dx

e‘/; dx 88 el/,\'2
87. & s ?dx
e X e?_x
89. fl e dx 90. flTez‘ dx
91. Je*\/l — e¥dx 92. j%dx
e~k e%
[y BT 2e* — 2¢™*
93. fmdx 94. dex
S 2x o x
95, f 2 o 96. f "’j\f“dx

97. fe‘-" tan(e™) dx 98. fln(ez“‘l)dx

In Exercises 99-106, evaluate the definite integral. Use =
graphing utility to verify your result.

1 4
99, f e X dx 100. f e3 ™V dx
0 3
1 0
101. f xe ™ dx 102. f x2 e¥2 gy
0 -2
. 63/”' V2 5
103. =% 104. f xe~ 072 gy
1 X 0
/2 /2
105. f ST X cos a7 x dx 106. f €2 sec 2x tan 2x dx
0 /3

Differential Equations In Exercises 107 and 108, solve the
differential equation.

Q = ax? Q = ((p% = s=2\2
107. o = e 108. o (e — e

Differential Equations In Exercises 109 and 110, find the
particular solution that satisfies the initial conditions.

109. f(x) = %(e*' + e7),
f0)=1,700)=0

110. f(x) = sin x + e,
f0) =170 =4
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In Exercises 113-116, find the area of the region bounded
graphs of the equations. Use a graphing utility to graph the
and verify your result.

=e5y=0,x=0,x=35

[

F—c*y=0x=ax=0b

s=xe74y=0,x=0,x= /6
B> +2,y=0x=0,x=2

erical Integration  In Exercises 117 and 118, approximate

egral using the Midpoint Rule, the Trapezoidal Rule, and
son’s Rule with n = 12. Use a graphing utility to verify
results.

! Ux et dx

Frobabilify A car battery has an average lifetime of 48
w=onths with a standard deviation of 6 months. The battery
“ves are normally distributed. The probability that a given
- attery will last between 48 months and 60 months is

60

2.0665 j.
48

- _sethe integration capabilities of a graphing utility to approx-
- mate the integral. Interpret the resulting probability.

e~ 0.0139(r— 48)? dr.

Frobability The median waiting time (in minutes) for people
- waiting for service in a convenience store is given by the
- solution of the equation

1

l 0.3e703dr =

3

- Solve the equation.
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121. Given e* > 1 for x > 0, it follows that

fe’dtzf
0 0

Perform this integration to derive the inequality ¢* > 1 + x
forx 2 0.

Modeling Data A valve on a storage tank is opened for 4
hours to release a chemical in a manufacturing process. The
flow rate R (in liters per hour) at time 7 (in hours) is given in
the table.

1dt.

. 122,

t 0 1 2 3 4
R 36

425 | 240 | 118 | 71

(a) Use the regression capabilities of a graphing utility to find
a linear model for the points (¢, In R). Write the resulting
equation of the form In R = at + b in exponential form.

(b) Use a graphing utility to plot the data and graph the
exponential model.

(¢) Use the definite integral to approximate the number of
liters of chemical released during the 4 hours.

Writing About Concepts

123. In your own words, state the properties of the natural
exponential function.

124. Describe the relationship between the graphs of
f(x) = Inx and g(x) = e*.

125. Is there a function f such that f(x) = f/(x)? If so, identify it.

126. Without integrating, state the integration formula you can
use to integrate each of the following.

@) fe”e: 1

Find, to three decimal places, the value of x such that e=* = x.
(Use Newton’s Method or the zero or root feature of a

2
xe* dx

dx (b)

. 127.

graphing utility.)
128. Find the value of @ such that the area bounded by y = e™*, the
X-axis, x = —a, and x = a is %
129. Prove that e_b = pay
e
130, Lt Fld) = B2

(a) Graph f on (0, co) and show that f is strictly decreasing
on (e, o0).

(b) Show thatife < A < B, then A3 > BA,
(c) Use part (b) to show that e™ > 7r¢.





