m Exercises

1. (2) How 15 the loganthmic fanction y = log.r defined? 9-12 Use the properties of loganthms to expand the quantity.
() What 15 the domain of this fimction” !
(e) What 15 the range of this function? 9 In-ah 10. logs r-
{(d) Sketch the general shape of the graph of the function x+1
y=logxrifa> 1 e
2. (s) What is the natural logarithm? Nl 12 Inls*1u)

() What 15 the commeon logarithm?

(e} Sketch the graphs of the natural loganthm fonction and the ) ) .
1 nential fimetion with 3 o on set of axas. 13-18 Express the quantity as a smgle logarithm

) ) B 2nr+3ilny—Inz
3-8 Find the exact value of each expression.
14, logwd + logwa — %lﬂgmh + 1)

3. (a) logs125 (&) logs(Z)
1
& (2) Inf1/e) ®) logyT0 16 n5+5n3 6. h3+:n8
5. (2) £ @) logu 0.0001 17 lnlx + 20 + $[ln ¥ — Infx? + 3x + 2]
6. () logi:225 (®) logs4 — logs 500 18. Infa + B) + Infa — &) — 2Inc
1. (a) log. 6 — log, 15 + log, 20
(k) log; 100 — log; 18 — log; 50 18, Use Formula 7 to evaluate each loganthm correct to six deci-
B (2) & %5 ®) lnE].u Eec] mal places.

(2} loguze (k) logs 13.54 {c} log: o




E 20-2 Use Formula 7 to graph the given fanetions on a common

sereen. How are these graphs related?

W y=log:x y=logsxr, y=logexr, y=logsx
A y=logisx, y=lnx y=Ilogux, y=logax
B y=Ihx y=log,yx, y=e%, y=10"

73-24 Make a rough sketch of the graph of each funchion. Do not
use a calenlator. Fust use the graphs given in Figures 2 and 3 and,
if necessary, the transformations of Secton 1.3,

® y=-hx
®) y=1In|x|

B. (&) y = logylr + 3)
M. (&) y=Inl—x)

%-26

(a) What are the domain and range of /7

(b) What 15 the r-mtercept of the graph of /7
{2) Sketch the graph of /.

B Ay =Inx+2 . flx)=In(xr — 1) — 1

21-36 Solve each equation for x.

@) e =6 (b Ini3x — 10) =2

M () In(xf — 1) =3 ) e —3er+2=10
M ()2 =13 ) Inx +lxr— 1) =1
N @)=k ) loga(mx) = ¢
He—e=1 21l + ) ' =3
B kilnd) =1 H =10

B M- —6=0 3. Ini2x+1)=2—-Inx

37-38 Find the solution of the equation comrect to four decimal
places.

. (=2 e =100
M. (2l +.,/x)=2

&) lnfe” —2) =3
) W4 — 7

29-40 Solve each imequahty for x.
9 (@) lnxr=0 ®) es>35
®1-2lhx=3

0@l =e =2

41. Suppose that the graph of = log: v 15 drawn on a coor-
dinate zrid where the umt of measurement 15 an mch. How
many miles to the nght of the onzn do we have to mowve
before the height of the curve reaches 3 7

42. The velocity of a particle that moves in a straight line under
the influsnce of viscous forces is vif) = ce ¥, where cand &
are positive constants.

{a) Show that the acceleration 15 proportional to the veloeity.
{b) Explain the sigmuficance of the number c.
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() At what time is the velocity equal to half the mital
wvelocity?

43. The geologist C. F. Fachter defined the magmitude of an
earthquake to be logo{ {/5), where [ is the intensity of the
quake (measured by the amplitude of a seismograph 100 km
from the epicenter) and 5is the intensity of a “standard”
earthquake (where the amplitude iz only 1 micron = 10 °
cm). The 1989 Loma Prieta earthquake that shook San Fran-
c1seo bad a magmitude of 7.1 on the Fichter scale. The 1906
San Francisco earthquake was 16 fimes as intense. What was
1ts magmiude on the Richter scale?

#. A sound so faint that it can just be heard has inten=ity
b =10 " watt/m’ at a frequency of 1000 hertz (Hz). The
loudness, in decibels (dB), of 2 sound with mtensity [ is then
defined to be L = 10 logii// ). Amplified rock music is
measured at 120 dB. whereas the noise from a motor-drven
lawn mower 15 measured at 106 dB. Fmnd the raho of the
imntensity of the rock music to that of the mower.

45, If a bacteria population starts with 100 bacteria and doubles
every three hours, then the pumber of bactena after r hours
isn = flr) = 1002
(a) Find the ivverse of this function and explam 1tz meamng.
(&) When will the population reach 50,0007

46. When a camera flash goes off, the batteries Immediately
bezin to recharge the flash’s capacitor, which stores electne
charge given by

X = Q1 — ™)

{The maximum charge capacity is (J, and ¢ 15 measured in

seconds )

() Find the inverse of this function and explain its meaning.

(&) How long does 1t take to recharge the capacitor to 90% of
capacity if a = 27

47-52 Find the limat.

1. lim In(x* — 9) 8. lim log(8x — x°)

49, ].m% Infcos x) B0, |.1nn] Infsm x)
51. lim [In(l + x*) — In(1 + 2]

52, lim [In{2 + x) — Infl + x}]

53-54 Find the domain of the function.
Bl fAx) = 1|3gm.[x2 — 4] Bl fix)=lnx+ In{2 —x)

55-57 Find (z) the domain of fand (b) £ " and its domain.
B Ax)=+3 — > B Axl=l(2 + by
§1. f{x) = Infe* — 3)




CHAPTER 6 [NVERSE FUNCTIONS

5. (a) What are the values of &™"™ and Infe™)7

(&) Use your caleulator to evaluate ™™ and In{e™). What
do you notice? Can you explain why the caleulator has

(b} Graph the furction Alx) = (In x)/x"' in a viewng

rectangle that displays the behavior of the function

as x —r o,

trouble?
53-64 Find the mverse funchon.
8. y=Inix+ 3)

Bl fle) = e BL y=(mo)? r=1
S e
8 y=logp|1 +— BA y—
o °g'°( xJ Y T2

5. On what interval 15 the fanction f(x) = £ — &° increasing?

66. On what interval is the curve y = 26" — e ** concave
downward?

(c) Find a mumber /V such that

In
X201

if x> N then A <

73. Solve the inequality In{x* — 2x — 2} = 0.

74, A prime number 15 a positive integer that has no factors
other than 1 and it=elf The first few pnmes are 2,3, 5, 7, 11,
13,17, . ... We denote by win) the mumber of primes that are
less than or equal to n. For instance, w(15) = 6 becanse there
are sux primes smaller than 13,

(a) Calculate the numbers w{25) and ={100).

61. (a) Show that the function f(x) = Infx + vx* + 1)z an
odd funchon.
(b} Find the mverse function of £

68. Find an equation of the tangent to the curve y = & *thatis
perpendicular to the line 2y — p= 8.

69. Show that the equation x''"* = 2 haz no soluhon. What can
you say about the function fx) = x'/E77

M. Any function of the form fx) = [g{x)]"", where glx) = 0,
can be analyzed as 2 power of & by writing glx) = £ 50
that Mx) = e®*#" Uzng thiz device, caleulate each hmat.

(a} lim x'"~ 'I:b} Ii?. x B
() lim x= (@ lim (In2x) =*

M. Let a == 1. Prove, using Defimfions 3.4.6 and 3.4.7, that
(@) Im a*= () lm a* ==
FH 7 (2) Compare the rates of growth of f{x) = x"' and
glx) = In xby graphing both f and g in several viewing
rectangles. When does the graph of [ finally surpass the
graph of g7

[Hint: To find =(100], first compile a list of the primes up
to 100 using the sieve of Fratosthenes: Write the numbers
from 2 to 100 and cross out all multples of 2. Then eross
out zll multiples of 3. The next remaiming mumber 1= 3, so
cross out all remaiming multples of 1t, and s0 on]

(b) By mspecting tables of prime numbers and tables of loga-

rthms, the great mathematician K. F. Gauss made the
guess in 1792 (when he was 15) that the number of
primes up to n1s approximately n'ln 0 when nis large.
More precisely, he conjectured that

o) 3
="

This was finally proved, a hundred years later, by Jacques
Hadamard and Charles de la Vallée Poussm and is called
the Prime Number Theorem. Provide evidence for the
truth of this theorem by computing the ratio of win) to
nfln o for n = 100, 1000, 104, 10°, 10%, and 107. Use the
following data: w{1000) = 168, =(10°) = 1229,

w(10°) = 9592, 7{10%) = 78,498, w(107) = 664,579,

() Use the Prime Number Theorem to estimate the number

of pnmes up to a billion.



