70. Recall that y = log, x can be written as x = a’.

Lety = log, b
a =b>b
log @’ = log b
yloga = logb
log b loe b
y log a 08,

log x
71. Lety = e By the change-of-base formula,
x

log x lo

_ _ ge
y= B ng'logx

Jog x = loge ~ 043

loge

Thus, y is a constant function.

72.

L

[_1’ 9] by [_37 21

Domain: (1, o)

Range: (—oo, 00)
Continuous

Increasing

Not symmetric

Vertical asymptote: x = 1
lim f(x) = oo

One-to one, hence invertible (f '(x) = e%)

M Section 3.5 Equation Solving and Modeling

Exploration 1
1. log (4-10) ~ 1.60206

log (4-10%) ~ 2.60206
log (4-10%) ~ 3.60206
log (4-10%) =~ 4.60206
log (4-10%) =~ 5.60206
log (4-10°) ~ 6.60206
log (4-107) ~ 7.60206
log (4-10%) ~ 8.60206
log (4-10%) ~ 9.60206
log (4-10'%) ~ 10.60206

2. The integers increase by 1 for every increase in a power
of 10.

3. The decimal parts are exactly equal.
4. 4-10" is nine orders of magnitude greater than 4 - 10.

Quick Review 3.5

In #1-4, graphical support (i.e., graphing both functions on a
square window) is also useful.

1. f( ( ) = ez‘"(*”) = " = xand g(f(x)) = In(e™)'?
In(e) =
f(g(x)) = oﬂw )2 =10 = xand
g(f(x)) = log(10"?)* = log(10%) = x.

4. f(g(x)) = 31og(10*%)? = 610g(107°) = 6(x/6) = x
and g(f(x)) — 10310g). )6 — 10(610gx/6 — 1010gx = x.
. 7.783 X 10* km

® N wm

10.

Section 3.5 Equation Solving and Modeling

fg(x

) *111(
8(f(x)
)

) =
) =

1 X 10" m

") =

3

1
= —(3x) = xand

3(1/3|nx) — elnx = x.

. 602,000,000,000,000,000,000,000
. 0.000 000 000 000 000 000 000 000 001 66 (26 zeros

between the decimal point and the 1)

= 5.766 X 1012
8X 107 8
5X10° 5

Section 3.5 Exercises

For #1-18, take a logarithm of both sides of the equation,

when appropriate.

1.

2.

x/5
36(1) =4
O
3 9
G)°-G
3 3
X
Z =9
5
x =10

3

1)
k) (Z) =2

y

1 1
4 16
e
4 T \4
X
— =2
3
x =06
3. 2.5 =250
54 = 125
5x/4 — 53
X
— =3
4
x =12
4.3-42 =96
477 =32
4x/2 — 45/2
x_5
2 2
x=15
5
6.
7. x = 10* = 10,000
8. x=22=32
9, x —5=4"

10.

1—x=4sox = —3.

. (1.86 X 10°)(3.1 X 107) = (1.86)(3.1) X 10°*7

=X 107709 = 1.6 X 107!

. 107 = 10, s0 —x/3 = 1, and therefore x = —3.
574 =5 s0 —x/4 = 1, and therefore x = —4.

,sox =5+ 471 =525,
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In4.1

1Lx = T = logigg 41 ~ 242151
In 1.6
12. x = 1n.0.98 = 10g0.98 1.6 = —23.2644

13. 9% = 4,50 0.035x = In 4, and therefore

X In 4 =~ 39.6084.

~ 0035
14. "% = 3 50 0.045x = In 3, and therefore

X In 3 =~ 24.4136.

= 0.045

15. ¢ = %, so—x = In % , and therefore

x = —ln% ~ —0.4055.

16. ¢ = 3 SO —x = ln%,and therefore

x = —ln% ~ —0.5108.

17. In(x — 3) = %,sox — 3 = ¢', and therefore

x =3+ ¢'* ~ 4.3956.

18. log(x + 2) = —2,s0x + 2 = 1072, and therefore
x=-2+1072= —1.99.

19. We must have x(x + 1) > 0,sox < —lorx > 0.
Domain: (—oo, —1) U (0, c0); graph (e).

20. We must have x > Qandx + 1 > 0,s0 x > 0.
Domain: (0, 00); graph (f).

21. We must have >0,s0x < —lorx>0.

X

x+1
Domain: (—oo, —1) U (0, 00); graph (d).

22. We must have x > 0andx +1 > 0,sox > 0.
Domain: (0, c0); graph (c).

23. We must have x > 0. Domain: (0, oo); graph (a).

24. We must have x> > 0,s0 x # 0.

Domain: (—oo, 0) U (0, o0); graph (b).
For #25-38, algebraic solutions are shown (and are generally
the only way to get exact answers). In many cases solving
graphically would be faster; graphical support is also useful.

25. Write both sides as powers of 10, leaving 10t = 10°, or
x?> = 1,000,000. Then x = 1000 or x = —1000.

Inx* _

26. Write both sides as powers of e, leaving e e*, or
x> =¢"Thenx = ¢ = 7389 or x = —e?> ~ —7.389.
27. Write both sides as powers of 10, leaving 10" ¥ = 102, or
x* = 100. Then x> = 10, and x = +£V10.

6
In x* — 612, or

28. Write both sides as powers of ¢, leaving e
x% = e'2. Then x> = ¢*,and x = +¢%
29. Multiply both sides by 3-2*, leaving (2%)> — 1 = 12-2%,
or (2)> — 12+2* — 1 = 0. This is quadratic in 2°,
12 £ V144 + 4
2

6 + V37 is positive, so the only answer is
_In(6 + V37)
T In2

leading to 2* = =6 £ V37. Only

= logy(6 + V/37) ~ 3.5949.

30.

31.

32.

33.

34.

35.

36.

38.

39.

Multiply both sides by 2 - 2%, leaving (2*)> + 1 = 62, or
(2%)* — 6+2° + 1 = 0. This is quadratic in 2*, leading to
=0 EVI A ‘236_4 =3 4 2V2. Then

In(3 £2V2
x = % = log, (3 + 2\@) ~ +2.5431.

Multiply both sides by 2¢*, leaving (e*)? + 1 = 8¢*, or
(e*)?> — 8¢* 4+ 1 = 0. This is quadratic in ¢*, leading to
8+ Ve —4
e = f
x = In(4 £ V15) = £2.0634.
This is quadratic in e*, leading to

-5+ V25+24  —5+7

=4 + V15.Then

e’ 7 1 . Of these two
numbers, onl ST — is positive,so x = In —
oMY Ty 2 °P : 2
~ —0.6931.
500 3
——=14+2 0.3x 03x — ~ ] h £
200 5¢°>¥ so e 50 0.06, and therefore
1
= —1n0.06 = —9.3780.
S
400 1
— 1 + —0.6x —0.6x — _—_ h f
150 957", so e 57,andt erefore
1 1
= In — =~ 6.7384.
x=— 06 n 57 6.738
Multiply by 2, then combine the logarithms to obtain
+3 +3
lnxizzo.Thenx — = =1sox+3=x.
X X

The solutions to this quadratic equation are
1+£+V1i+12 1
x=———— =5

Multiply by 2, then combine the logarithms to obtain
2 2

1
+ 5\/13 ~ 2.3028.

=2.Th
x+4 Nt a

x*> = 100(x + 4). The solutions to this quadratic equation

/10000 + 1600
are x = 100 = 102000 1600 _ 50 + 10Vv29. The
original equation requires that x > 0,s0 50 — 10V29 is
extraneous; the only actual solution is

x =50 + 10Vv29 = 103.852.

log =102 = 100, so

.In[(x — 3)(x +4)] =3In2,s0 (x — 3)(x +4) = 8,0r

x> + x — 20 = 0. This factors to (x — 4)(x + 5) = 0,50
x = 4 (an actual solution) or x = —5 (extraneous, since
x — 3 and x + 4 must be positive).

log[(x — 2)(x + 5)] =2log3,s0 (x —2)(x +5) =09,

orx>+3x —19 = 0.

Then x = 3ENVOHT6 = 3 + 1\/85. The actual
2 272

solution is x = —% + %‘\/85 ~ 3.1098; since x — 2 must

be positive, the other algebraic solution,

3 1
x = T EVSS’ is extraneous.
A $100 bill has the value of 1000, or 10°, dimes so they

differ by an order of magnitude of 3.



