Chapter 11 Exponential and Logarithmic Function

11-1 | Real Exponents

Page 695 Graphing Calculator Exploration
1.
2.

3.a"-a"=qgntn

4. (@™ = g™mn
a

5. (g)m = %Z, when b # 0

Page 700 Check for Understanding

1. The quantities are not the same. When the
negative is enclosed inside of the parentheses and
the base is raised to an even power, the answer is
positive. When the negative is not enclosed inside
of the parentheses and the base is raised to an
even power, the answer is negative.

. If the base were negative and the denominator
were even, then we would be taking an even root
of a negative number, which is undefined as a real
number.

. Laura is correct. The negative exponent of 10
represents a fraction with a numerator of 1 and a
denominator of a positive power of 10. The product
of this fraction and a number between 1 and 10 is
between 0 and 1.
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— fl/ 357
N 13 labl 69a. If x < 0 theny > 0. If x = 0 then y = 1. Since
60. (n3m9)? = (n3)2(m9? x<0,y>0andy<1.S0,0<y<1.
:ngmg 69b. If x > 0 theny > 1. If x < 1 then y < 3. So,
1<y<a.
— 4~ /
[l m*N/mn 69c. If x> 1theny > 3. So, y > 3.
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69d

70.

71.

72a.

72b

73a.

73b.

74a.

Cha

. Ifthe exponent is less than 0, the power is greater
than 0 and less than 1. If the exponent is greater
than 0 and less than 1, the power is greater than 1
and less than the base. If the exponent is greater
than 1, the power is greater than the base.

Any number to the zero power is 1. Thus, if the
exponent is less than zero, the power is less than
1. A power of a positive number is never
negative, so the power is greater than 0.

Any number to the zero power is 1 and to the
first power is itself. Thus, if the exponent is
greater than zero and less than 1, the power is
between 1 and the base.

Any number to the first power is itself. Thus, if
the exponent is greater than 1, the power is
greater than the base.
1
r= (12 x 1071%)4°
If r = 2.75 X 10715 then :
2.75 X 1075 = (1.2 X 10715)4?

2.75 10710 &
1.2 x 1071 T
2.29 =~ A®
12.04 = A

Since 12.04 = 12, which is the mass number of
carbon, the atom is carbon.
32(x2+4x) — 16(x2+4x+3)
(25)(x2+4x) — (24)(x"+4x+3)
9(5x+20x) — 9(4x’+16x+12)
5x2 + 20x = 4x2 + 16x + 12
¥2 +4x—12=0
(x+6)(x—2)=0

x+6=0 x—2=0
x=—6 x =2
Wind Speed Wind Chill
5 0.8
10 —12.7
15 —22.6
20 —29.9
25 —35.3
30 —39.2
. A 5-mile per hour increase in the wind speed

when the wind is light has more of an effect on
perceived temperature than a 5-mile per hour
increase in the wind speed when the wind is
heavy.
GM,t?

42

3 —

rd = G =6.67x10"11

M, = 5.98 x 10%
t = 1day = 86,4000 seconds

3 (6.67 X 107 11(5.98 X 1024)(86,400)%
re = 2
4

r =~ 42,250,474.31 m

42,250,474.31 m = 42,250.47431 km
42.250.47431 — 6380 = 35870.47431
~ 35,870 km
_m factors X n factors m+n factors
T

pter 11

74Db.
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74d.
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75.

76.

71.

78.
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y2 = 12x
& — 02 =4@3)(x - 0)
Vertex is at (0, 0) and p = 3. The parabola opens
to the right so the focus is at (0 + 3, 0) or (3, 0).
Since the directrix is 3 units to the left of the
vertex, the equation of the directrix is x = —3.
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2V3 + 2i)§

Convert to polar form r(cos 6 + i sin 6).
A/ 2 2
- 29— 2
r= (2\/5) + 2% 6 = Arctan =

=V16 = Arctan ?

=4 = %

So, (2V3 + 2i) = 4<cos % + i sin %)

Use De Moivre’s Theorem.

[4(cos % + isin %)] . 4% cos (% %) +sin (é%))

1 1
= 4° cos% + 4° sin%
=1.31+ 0.14i

N
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79

80

81

82.

83.

84
85

86.

. Use the equationy = ¢|v | sin 6 — éqt2 + h.
v | =105 g=32 h=3 0 = 42
y = t(105)(sin 42°) — 3(32)¢2 + 3
= 16¢2 — (105 sin 42°)¢ — 3
Find ¢ when y = 0 (i.e., the ball is on the ground).

105 sin 42° = V(105 sin 42°) — 4(16)(—3)
2(16)

t =

t=—0.04, 4.43

&\, the ball hits the ground after about 4.43 s.
LTC =(2-3), 6~ (=4), (=5 -6)

= (-1, 10, —11)
[TCl =VE =32+ 6~ (~4)? + (-5 — 6
= V222

. Sample answer:

tan S cos S = ~

sin S cos S
cos S 1

Period of cot 6 is m so

cotf =0
0= g + wn, where n is an integer.
r-6h = 150T m
1507 m
'="%6n
r = 257 m/h
. 90°, 270°
Lx3 =250 =0
Degree of 3 so there are 3 complex roots.
¥ —25x=0
x(x —5)(x +5) =0
x=0 x—5=0 x+5=0
x=5 x=5
3; —5,0,5

|V

[—5, 5] scl:0.5 by [—5, 5] scl:0.5

1%

¥=1.87E

Hinirmurn
= FEONN0GE

abs. min; (0.75, 1.88)

379

87.

The time it takes to paint a building is inversely
proportional to the number of painters.

k
48 = ¢

k=384
384
Sot="4
t=24

The correct choice is E.

11-2

Exponential Functions

Page 705
1.
2.
3.

Page 708
1.

Graphing Calculator Exploration
positive reals

©, 1

Fora=0.5and 0.75,y > wasx — —o,y — 0 as

x—> o Fora=2and 5,y —>0asx— —%,y > »as
x — .

. horizontal asymptote at y = 0, no vertical

asymptotes

. Yes; the range of an exponential function is all

positive reals because the value of any positive
real number raised to any power is positive.

. Any nonzero number raised to the zero power is 1.
. The graph of y = b* is decreasing when 0 < b < 1

because multiplying by number between 0 and 1
results in a product less than the original number.
The graph of y = b* is increasing when b > 1
because multiplying by a number greater than 1
results in a product greater than the original
number.

. There is a horizontal asymptote at y = 0 because a

power of a positive real number is never 0 or less.
As a number between 0 and 1 is raised to greater
and greater powers, its value approaches 0. As a
number greater than 1 is raised to powers
approaching negative infinity, its value
approaches 0.

Check for Understanding

Power; in a power function the variable is the
base, in an exponential function the variable is
the exponent.

. Both graphs are one-to-one, have the domain of all

reals, a range of positive reals, a horizontal
asymptote of y = 0, a y-intercept of (0, 1), and no
vertical asymptote. The graph of y = b* is
decreasing when 0 < b < 1 and increasing when
b>1.

. If the base is greater than 1, the equation

represents exponential growth. If base is between
0 and 1, the equation represents exponential
decay.

. The graphs of y = 4 and y = 4* — 3 are the same

except the graph of y = 4¥ — 3 is shifted down
three units from the graph of y = 4%,

Chapter 11



5, x|y y 1
1
Y |
01 [ly =3~
1|3 /
219
(0} X
6. x|y N 1Y
2|9 \\
-13 \
0|1 yE3 ¥\
1]
(0] X
7. «x y
-2 —3% Use (0, 0) as a test point.
1 9
-1|-33 0>20-4
0| —4 021-4
1| -2 0>-3
2 0 The statement is true so shade
the region containing (0, 0).
y §
’
1
(0] 7 X
/
7
LI LFyp s

8. Use N = N, (1 + r)! where N, = 3750, r = —0.25,
and ¢t = 2.
N = 3750 (1 — 0.25)2
= 3750 (0.75)2
~ 2109.38
9a. 9,145,219 — 8,863,052 = 282,167
22160 — 40,309.57

40,309.57
8,863,052 ~ 0-0045
~ 0.45%
Use N = Ny(1 + ).
N = 8,863,052(1 + 0.0045)20
N =~ 9,695,766

9b.

Pages 708-711 Exercises
10. x|y Y
E |
0|1 /
1|2
o)
214 = 2* X

Chapter 11
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18. «x y 0, 0) y A
3| 5 0k ]
41 o0lat ykoxral

1
512 0<y / '
6 4 /7
/
o T X

19. «x y y
-1 100
L y=0.01"
| 700
B (o, 1 1,TLF1" )

[o] K
20. x | vy y
-1 5
(=1.19)
0 } yES~
1 5 \\‘
¢ 000
21. «x y
= o X
-1 |49
0 7 y
1 1 @,7)
A
W=7
\
{1
o X
22.

[—5, 5] scl:1 by [—5, 5] scl:1

22a. The graph of y = —5% is a reflection of y = 5%
across the x-axis. The graph of y = 5¥is a
reflection of y = 5% across the y-axis.

22b. The graph of y = 5% + 2 is shifted up two units,
while the graph of y = 5% — 2 is shifted down
two units.

22¢. The graph of y = 10* increases more quickly
than the graph of y = 5%. The graphs are not the
same because 5% # 10%.

23a. The graph of y = 6* + 4 is shifted up four units
from the graph of y = 6~.

[—10, 10] scl:1 by [—1, 9] scl:1

381

23b. The graph of y = —3*is a reflection of the graph

24a.

24b.

25a.

of y = 3% across the x-axis.

[—10, 10] scl:1 by [—10, 10] scl:1
23c. The graph of y = 7% is a reflection of the graph

of y = 7* across the y-axis.

L

[—10, 10] scl:1 by [—1, 9] scl:1
23d. The graph of y = (%)x is a reflection of the graph

of y = 2* across the y-axis.

[—10, 10] scl:1 by [—1, 9] scl:1

o S NN N NN G

Q| bid c&c AP PINPNEPIPD |<

246 8101

y = 9.25(1.06)5°

y =~ 170.386427 thousand

y ~ $170,400
y = (0.85)%

02

2X
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—_a
AN b

LN Pr D NP dD
4

coococococooo—

4

Q

) 3

J

.
.

:
-
>

25¢c. y = (0.85)12

~0.14 or 14%
No; the graph has an asymptote at y = 0, so the
percent of impurities, y, will never reach 0.
N = 876,156(1 + 0.0074)'°
~ 978,612.2261 or 978,612
N = 2,465,326(1 — 0.0053)1%
=~ 2,668,760.458 or 2,668,760

25d.

26a.

26Db.

26¢. 152,307 = 139,510(1 + r)10
152,307
139510 = (1 + N1
152,307 \]’0_
( 139,510) =l+r

N = 139,510(1 + )25
N =173,736.7334 or 173,737

26d. 191,701 = 168,767(1 + )10
191,701
tes7er = (L + 10O
191,701 | _
( 168,767) =1l+r

N =168,767(1 + r)?>
N = 232,075.6889 or 232,076

55
27a. O = 100(3°%)
100(33)
= 2700 units

4.2mi 5280 ft
1hr 1 mi

= 6.16 ft/s

3-6.16
0 =100 7))
~ 5800.16
~ 5800 units
P, 121,000, n = 30 - 12 or 360,
1= 0.075 + 12 or 0.00625

- 1 — (1 + 0.00625)360

121,000 = P[ 0.00625 ]
P~

846.04955; $846.05

28b. P, = 121,000, n = 20 - 12 or 240,
i = 0.0725 + 12 or 0.00604

1 hr
3600 s

27b.

s =

28a.

0.0725\ ~240
1+ 008)

(0,01';25)

P = 956.35494; $956.35
28c. 30 year: I = 360(846.05) — 121,000
$183.578

240(956.35) — 121,000
= $108,524

-
121,000 = P|:

20 year: 1

Chapter 11
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28d. Sample answer: A borrower might choose the
30-year mortgage in order to have a lower
monthly payment. A borrower might choose the
20-year mortgage in order to have a lower
interest expense.

29a. P = 4000, n = 43,1 = 0.0475
(1 +0.0475)%3 — 1
F, = 4000[ 0.0475 ]
~ 535,215.918; $535,215.92
29b. P = 4000, n = 43, i = 0.0525

. (1 +0.0525)43 — 1
F, = 4000[ 0.0525 ]

~611,592.1194 or $611,592.12
$611,592.12 — 535,215.92 = $76,376.20

30. The function y = a* is undefined when a < 0 and
the exponent x is a fraction with an even
denominator.

31a. Compounded once:
I=1000[(1 + 0.05)! — 1]
= 50; $50
Compounded twice:
0.05\2
1=1000[(1 + %) 11
~ 50.625; $50.63
Compounded four times:
0.05\4
7=1000((1 + %)’ ~ 11

~ 50.9453; $50.94
Compounded twelve times:

12
1=1000[ (1 + %) - 1]
=~ 51.1619; $51.16
Compounded 365 times:

1= 1000[ (1 + 9%2)* 1]
~ 51.2675; $51.26

Let x represent the investment.
Statement savings: I = x[(1 + 0.051)1 — 1]
= 0.051x

31b.

The return is 5.1% .
Money Market Savings: I = x[(l + %)

= 0.517x
The return is 5.17% 365
Super Saver: [ = x[(l + %) - 1]
= 0.513x

The return is 5.13%
Money Market Savings

365
(1+005) = (1+55)
1
05)% T

(i05) 1+ 365
365[(1.05)"% — 1] = x

0.04879 = x; 4.88%
32. 4x%(4x) "2 = 4x2(4) " %(x) "2

2

-

3lc.

4
= 1622
1
T
33.y=15
Usey = rsiné.
y=15

So, 15 = rsin 6.
34. (—3,9) — (2, 1) = (—3)(2) + (9)(1)
=3

3; no because the inner product does not equal 0.



%(cos %T + isin %T) . 3\/§[cos (—f) + i sin (—E)]

1 T ™ . . T T
= (5-3V3)leos (F - ) +isin (T - F)]
\/§<cos %ﬂ + i sin %ﬂ
—-0.66 + 1.60i
s =172t — 162 + 4
s—4=—16t2+ 72t
s — 4 + (—16)(5.0625) = —16(t2 — 4.5 + 5.0625)
(s — 85) = —16(t — 2.25)2
Vertex: (2.25, 85)
Maximum height: 85 feet.

35.

I

36.

37a. y )
(12, 8)
(17,6)
(0] X
12 + (=7 8+ 6
a7b. (252 E20) — 25,7)

sin* A + cos® A = cos? A + sin? A

(sin? A)2 + cos2 A = cos? A + sinZ2 A

(1 — cos? A)? + cos? A = cos? A + sin? A

(1 — 2cos? A + cos* A) + cos? A = cos* A + sin? A

cos? A+ 1 —cos2A =costA + sinZ A

cos? A + sin? A = cos?* A + sinZ A
~ 4800

38.

2900 rev 2m
1rev

39. 2
V=9.210"

~ 138,732.73 or about 139,000 cm/s

200 ft

X

X
tan 69° = 55

200 tan 69° = x

521.02 = x
about 521 feet

41. 1

ml.n.rwwl--i

Lt =K

Linke=3

u=gx+h

=948, 4333333
b=495M. &

[ |
Sample answer: y = 948.4x + 4960.6

383

42, A | VK
1 ‘ \ Y= %
V¥ x+3\ \
&——-\ o X
\
[
Y
The parent graph is translated 3 units left. The
vertical asymptote is now x = —3. The horizontal
asymptote, y = 0, is unchanged.
43. Cyp = 327 Cyp = 16m
~ 100.53 =~ 50.27

100.53 — 50.27 = 50.26 or about 50.
The correct choice is E.

11-3 | The Number e
Page 714 Check for Understanding
1.C

2. If % is positive, the equation models growth.
If & is negative, the equation models decay.

3. Amount in an account with a beginning balance of
$3000 and interest compounded continuously at
an annual rate of 5.5%.

4. reals, positive reals

5. Sample answer: Continuously compounded
interest is a continuous function, but interest
compounded monthly is a discrete function.

6a. growth

6b. 33,430

6c. y = 33,43000397(60)

~ 361,931.0414 or 361,931

7. A = 12,0000-064(12)

=~ 25,865.412 or $25,865.41

Pages 714-717 Exercises
8. p = (100 — 18)e~ 06 + 18
= 42.6 or 43%
9a. y = 8402315 4 76
= 78.66 or 78.7°F
9b. too cold; After 5 minutes, his coffee will be about
90°F.

10a.

[—4, 4] scl:1 by [—1, 10] scl:1
10b. symmetric about y-axis

Chapter 11



11a. Annually: I = 100[(1 + 0.08)1 — 1]
=80 $80.00; 8%
Semi-annually: I = 1000[(1 + w) — 1]
= 81.6 $81.60; 8.16%
Quarterly: I = 1000[(1 + %)4 — 1]
~ 82.4316 $82.43; 8.243%
Monthly: I = 1000[(1 + w)u - 1]
~ 82.9995 $83.00; 8.3%
Daily: I = 1000[(1 + %)365 - 1]
~ 83.2776 $83.28; 8.328%
Continuously: I = 1000(e%-08(1) — 1)
~ 83.2871 $83.98; 8.329%
Effective
Interest Annual
Compounded Interest Yield
Annually $80.00 8%
Semi-annually $81.60 8.16%
Quarterly $82.43 8.243%
Monthly $83.00 8.3%
Daily $83.28 8.328%
Continuously $83.29 8.329%
11b. continuously 1lc. E = (1 + %)n -1
11d. E=¢" -1
12a. y = 525(1 — e~ 0:03824))
=~ 314.097 314 people
12b. [vq=czEii-¢~(-0.0zEHRI___— after about 61h

-

=a0.6ZHz98 L¥=47E. 5871 .

[0, 100] scl:10 by [0, 550] scl:50
13a. P=1 — ¢ 605

~ 0.95021 95%
13b.
=1 -0 =YY x = 0.02; about 0.02 h
0.02h 60 min
1 1n - 12

negizdes Y=E1480105 .

[0, 1] scl:0.1 by [0, 1] scl:0.1 about 1.2 min
— 10 (200 +1\10 _ (2110
14a. For x = 10: (2(10) - 1) = (19>
~ 2.720551414

2(100) + 1)100 _ (201)100
2(100) — 1 ~\199

~ 2.718304481

B . (2(1000) + 1)1000 /20011000
For x = 1000: (—2(1000) - 1) (1999)

~ 2.718282055
2.720551414; 2.718304481; 2.718282055

For x = 100: (

Chapter 11
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14b. 2 decimal places; 4 decimal places; 6 decimal
places
14c. always greater
15a. 5days: P =1 — ¢~ 0.047(9
~ (0.20943 20.9%
20 days: P = 1 — ¢~ 0:047(26)
= 0.60937 60.9%
90 days: P = 1 — ¢~ 0.047(90)
=~ 0.98545 98.5%
20.9%; 60.9% 98.5%
15b.
about 29 days
15c¢. Sample answer: The probability that a person

who is going to respond has responded
approaches 100% as t approaches infinity. New
ads may be introduced after a high percentage of
those who will respond have responded. The
graph appears to level off after about 50 days.
So, new ads can be introduced after an ad has
run about 50 days.

16a. all reals
16b. 0 < f(x) <1
16¢. c shifts the graph to the right or left

8 _
17. 120,000 = P| %001 |

120,000 = P(9.051687)
P ~13,257.19725

$13,257.20
551
18. x°y°z° —x\/x3y32
19. y = 6x2 0 = 45°
—x sin 45° + y cos 45° = 6(x cos 45° + y sin 45°)2
Ve Ve V2 V2 )2
— Pt gy =6( Y+ )
Ve V2 1 1
-5 x+t 5 y= 6<§x2 + xy + §y2)
—%x + %y = 3x% + 6xy + 3y2

—Vox + \/Qy = 6x2 + 12xy + 6y2
6x2+12xy+6y2+\/§x—\/§y=0
20. r = V(=5)2 + (-1)2 6 = Arctan =5 +
=126 ~3.34
V/26(cos 3.34 + i sin 3.34)



21.

22.

23.

24.

25.

26.

27.
28.

y
(0, 150)
(x, )
d i
Y
28° !
o X X
d =(xy F =(0,150)
cos 28° = % sin 28° = %
x = 10 cos 28° x = 10 sin 28°
x ~ 8.8295 x =~ 4.6947
d = (8.8295, 4.6947)
W=F -d
W = (0, 150) - (8.8295, 4.6947)
=0 + 704.205
= 704.2 ft-1b
y=—1.5(10)2 + 13.3(14) + 19.4
=24
V2x +3=4
2x + 3 =16
2x = 13
13
x="5
|3x+ 2] <6
3x+2=6 3x+2= -6
3x=4 3x = —8
X = 3 X = 3
4
e l-§=x=3}
3[—3 -2 2 3] _ [—9 -6 6 9}
-2 6 5 -1 -6 18 15 -3

J'(=9, —6), K'(—6, 18), L'(6, 15), M'(9, —3); The
dilated image has sides that are 3 times the
length of the original figure.

[4x+y]:[ 6}
X 2y — 12
dx+y=26 42y —12) +y =6 x = 2(6) — 12
x=2y—12 9y =54 x=0
y=26
(0, 6)

1—4, 2, 5}; {5, 7}; yes

The correct choice is D.
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Page 717 Mid-Chapter Quiz
1. 642=8 :
2. (V/343)72 = (343)) 2
— ((73)3)—2
=72
_ 1
3. 6 1 B 49 1
8x3y~6 \1 81329 \~
3. (2711.162'9)3 = (27106)’6)3
_ (23)%(963)%(29)%
@3 @ ()
223 2 _ _
= ﬁ%z or yw ™ 2xy 223
1
4. Vabbh3 =(atb3)?
1 1
= (aﬁ)z(bS)z
3
— | a | 3b2
1
5. (125a2b3)* = V1250203
= /53423
=56V a2

6. 1.75 X 10% = 0.094 V A3
1.75 X 10% = 0.94 A*

1.75 X 102 3
091 A
1.75 X 1022 32
(Moer) =@y
151.34 = A
1.51 X 102 mm?
7. 1,786,691 = 1,637,859 (1 + r)8
1,786,691
1637859 — (1T n?
1,786,691 \ - 1
(1,637,859)S = [+ %
1,786,691 \
(1,637,859)8 —l=r
r=0.011 Store the exact value in
your calculator’s
memory.
N = 1,637,859 (1 + 0.011)2¢  Use the stored
= 2,216,156.979 value for r.
2,126,157
(4)(3.5)
8. A= 3500 (1+%%%2)
= 3500(1.013)14
= 4193.728
$419373 —48.1 —48.1
9a. y =6.7¢e 9b. y = 6.7¢
~ 0.271292 ~ 2.560257
271,292 ft3 2,560,257 ft3
200
10. 2 years: n = 1+ 200-035@
~ 18.3
200
15 years: n = T o855
~ 181
200
60 years: n = 750 ~03560)
~ 200
18.3; 181; 200
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11-4

Logarithmic Functions

Pages 722-723
1.

2.

10.

12.

Check for Understanding

y = 3" and log, x are
similar in that they are
both continuous, one-to-
one, increasing and
inverses.

y = 3* and log, x are not
similar in that they are
inverses. The domain of
one is the range of
another and the range
of one is the domain of
the other. y = 3* has a
y-intercept and a
horizontal asymptote
whereas y = log; x has a
x-intercept and a
vertical asymptote.

29

Let b* = m, then log, m = x.
(b¥)P = mP
b = mP
log, 6P = log; mP
xp = log, m?
p log, m = log, m?

y
Ve oi]—: X
o ~—X
Jy = 1005 X

Logj x is an increasing function and log: xis a
. . 5
decreasing function.

. Sean is correct. The product property states that

log, mn = log, m + log, n.

. In half-life applications r = —é. So, (1 + 1)

becomes (1 . é) or (é) Thus, the formula

t
N = Ny1 + r)t becomes N = N, %) .

3 1
.92 =27 7.(%) =5
1
. log,y = —6 9. logg 7 = —3
logy 16 = x 11. log,, 0.01 = x
gt _ L 10% = 0.01
16 10 = 1072
gv =g ¥ = -2
x=—4
1
log; 535 = x 13. log,x =5
_ 1 20 =x
T 343 32 = x
7% = 7—3
x=-3
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386

14. log; n = élog7 8
2

log, n = log, 8°

n= 8§
n=4
15. logg (4x + 4) = logg 64
4x + 4 = 64
x =15
16. 2 logg 4 — %log8 16 = logg x
1

logg 4% — logy 16* = logg x

42
logg 1—6% = logg x
42
160
17. x  y x=38
1, 0
2 (-1 Y
4|-2
\ y=Tagix
o)
T~
18. x y
1,0
6|1 Y
o)
y = logg x
ot
19. 16 = 53 log, 1024
t = 16(33 log, 1024) log, 1024 = x
t=16(33 - 5) 4* = 1024
t=264h 92x = 910
2x = 10
x=5
Pages 723-725 Exercises
1 1
20. 27° = 21. 16 = 4
22. 774 = 57 23. 4° = 32
4
24. ¢* = 65.98 25. (V6) =36
26. logg; 9 = & 27. logy, 216 = >
1
28. log 1 512 = —3 29. logg 35 = —2




30.
32.

33.

35.

37.

39.

42.

43.

44.

45.

log;s1=0

logg 64 = x
8 = 64
8% = 82
x =2
logi95 5 = x
2% = 32
9% = 25
x=5
log, 128 = x
9% = 96
x=6
log,q 343 = x
8 =16
23x — 24
3x=14
4
X=73
log\/g 4096 = x

1010g1024 =x
24 =y
16 = x

log; 3x = log, 36

3x = 36
x =12

31. log, 14.36 = 1.238

125 =5
(53)x — 51
3x =
x =
34. log, 32 = x
4% = 128
22x — 27
2¢ =17
x = %or 3.5

36. logy 95 = x
49% = 343
72x — 73
2x =3
3
x=gorlb
38. logg 16 = x
(V8) = 4096
]: = 84

X

w|= =

2
x=38
40. 104108102 = &
41. log, 49 = 2
x2 =49
x=17

logg x + logg 9 = logg 54
logg 9x = logg 54

9x = 54
x=6

logg 48 — logg w = logg 6

logg 47? = logg 6

48
w =6

6w = 48

w=38

log; 216 = x
6¥ = 216
6% =63

x=3
46. log; 0.04 = x

5% = 0.04

Y = 572

387

47.

48.

49.

50.

51.

52.

53.

x=—2
loglo\/3 10 =x
10 = V10
10% = 10°
_1
X=73

logg x = %log12 9 + %log12 27
1 1
log,y x = log;, 9% + log,, 27°
1 1

log;y x = logy, 9% - 27°

x =927
x=3"3
x=9

logs (x + 4) + log; 8 = log; 64
logy (x + 4)(8) = logy 64
(x + 4)(8) = 64
x+4=38
x=4
log, (x — 3) + log, (x + 3) =2
log, (x — 3)(x + 3) =2

42 = (x — 3)(x + 3)

16=x2-9
25 = x2
5=x

é(log7 x + log, 8) = log, 16
é(log7 8x) = log, 16
log, (Sx)f = log, 16

(8x)2 = 16
8x = 256
x =32

2 logs (x — 2) = log; 36
logs (x — 2)2 = log; 36

(x—2)2% =236

x—2=6
x=8 y

x y
1 0 iug4 [
2 l —

2 16) 7
4 1
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55.

56.

57.

58.

59.

60.

61.

x Y oodY
U
110 15 o —
213 O AT =310, K
4| 6 51/
05 5 1015202530 3540X
—16
—26
x Y y
2 0
6 1 = mE(X_‘I)"
—
X
x y y |
1] o0 y=Hogyx——
2 1
4 2
/ X
[
y
x Y y r
1 0
2 2
4 4
X
[
| ly=2lagyx
|
y
x Y y
0 0
9 1
7 =227 X
y|> llogqg|(x + 1)
Use N = Ny(1 + r)l; r = 1 since the rate of growth

is 100% every ¢ time periods.
64,000 = 1000 (1 + 1)

64 = 2!
log, 26 = log, 2!
6=t
t-15 =90 min

All powers of 1 are 1, so the inverse of y = 1*is
not a function.

Let log, m = x and log, n = y.

So, b* = m and b = n.
2o

log, % =x—y

log;, % =log, m — log, n

Chapter 11

388

+\4:10
62a. 5000 = 2500(1 + Z)

40
27 = (1 + i)
40
62b. 2= (1 + i)
L 407 L
2|1
10175~ 1+
0.0699 ~ r
6.99%
28
62c. 2 = (1 + i)
L r
¥=1+7
1.0251 ~ 1+
0.1004 ~ r
10.04%
63a. n = log, ]l 63b. 3= log2§
5 31
n = log, 4 2= P
n—4 8 = [)71
n=2 % =p

less light; %
64. Let y = log, x, so x = o.
x=a
logy x = log, @
log, x = ylog, a

log, x

Y= log, a

log, x

1Oga X = log, a
65a.

65b.
P =14.7 (2727002
=~ 14.4 psi
65¢. logy 75 1o = —0.02(—6.8)
P = 14.7(2.720-136)
~ 16.84 psi
66.

t
6.8 = 38(3)
6.8 1\!
38 (5) .
6.8 1
log 55 = log (5)
log % =t log %
6.8
logg
t=""1
logg
t=25
2.5-3.82 =955
about 9 days



67.

68.

69.

70.

71.

72.

73.

74.

69.6164
|: - (1 . 0.11215>—12.30:|
90,000 = P| ———q5———
12
P = 891.262
$891.26
ellipse

9x2 — 18x + 4y2 — 16y — 11 =0
9x2 — 18x + 4y% — 16y = 11
9?2 —2x + 1) +4(v2 — 4y +4) =11+ 9 + 16
9 — D2+ 4(y — 2% =

@-1% (-2
i te T
y
RN
o\ /| [x
r=3,0=2

(3 cos 2t, 3 sin 2t)

AB=V(-1 - (-1)2 + (-3 - 3)?
= V02 + (-6)2
=6

BC=V(3 - (-1)2+ (0 - (-3))?
= Va2t 32
=5

AC=V (3~ (-1)%+ (0 — 3)2
- Va2 132
=5

3m 27 . . 2w
5(cos + i sin 4) Z(COS 3 T isin 3)

5- 2<cos (7 + ?) +isin (* + Lﬂ))

17 . . 1w
10<cos 19 T isin 5 )

=10 cos%+ 102 sin%1T
~ —2.59 — 9.66i
. 17w
10(cos 2 + i sin 1), ~2.59 — 9.66i

(3 — 4)(12 + Tj) = 36 + 21j — 48j — 28;2
= 64 — 27j
64 — 27j volts
"o
A&~
o X

Both vectors have the same direction. 50° south of

east. Therefore, AB and CD are parallel.

389

75. cos (A + B) = cos Acos B — sin Asin B

35
cosA—T3 cos B =57
x2 + 5% =132 x2 + 352 = 372

x2 = 144 x2 = 144
x=12 x =12
So,sinA=E So,sinB=%
5 35 12 12
COS(A+B)—E§ 13~ 37
_ 175 144
T 481 7 481
_ 3L
~ 481
76.y=Asin (kt +¢)+ h
90 — 64 90 + 64 2m
A="5" h="5" =4
=13 =77 E=T
y—lSsin(t+c)+77
64=13sin< (1)+c)+77
—13=1351n( )
—1:sin(§+c)
sinTI(-1) -5 =c
3.14 =c

So, y = 13 sin (5 — 8.14) + 77

77. ¢2 = (6.11)2 + (5.84)%2 — 2(6.11)(5.84) cos 105.3
= 37.3321 + 34.1056 — 71.3648 cos 105.3
~ 90.2689
c=95
(6.11)%2 = (5.84)2 + (9.5)2 — 2(5.84)(9.5) cos A
37.3321 = 34.1056 + 90.25 — 110.96 cos A
cos A =~ 0.7843
A~ 3834 or 38°20
B ~ 180 — (105° 18’ + 38° 20")
~ 36° 22’
c=9.5,A=38°20", B=36°22
78. m

AN

X°

N

m/SMN = m/QNM alternate interior angles
x° = b° + ¢° Exterior Angle Theorem
The correct choice is E.
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11-5 | Common Logarithms

Page 730 Check for Understanding
1. log 1 = 0 means log;;, 1 = 0. So, 10° = 1.
log 10 = 1 means log,, 10 = 1. So, 10 = 10.
2. Write the number in scientific notation. The

exponent of the power of 10 is the characteristic.

3. antilog 2.835 = 102-835 = 683.9116

4. log 15 = 1.1761
log 5 = 0.6990
log 3 = 0.4771
log 5 + log 3 = 0.6990 + 0.4771 = 1.1761

5. log 80,000 = log (10,000 X 8)
= log 10* + log 8
=4+ 0.9031
= 4.9031

6. log 0.003 = log (0.001 X 3)
=1log 1073 + log 3
-3+ 0.4771
= —2.5229
7. log 0.0081 = log (0.0001 X 3%
=1log 107* + 4 log 3
= —4 + 4(0.4771)

= —2.0915
8. 2.6274 9. 74,816.95
10. y
y=lo (y-l- 1)
X
_ log 18
11. log;, 18 = 1057,
~ 1.1632
_ log1bs
12. logg 15 = g
~ 1.3023
13. 2.2¢-5=1939
(x — 5) log 2.2 = log 9.32
_ log9.32
(x—5)= log 2.2
x =~ 7.83
14. 672 = 4%

(x — 2)log6 = xlog 4
xlog6 — 2log 6 = xlog4
—21log 6 =xlog4 — xlog 6
—21log 6 = x (log 4 — log 6)
_—2log6 _
log4 —log6 —
8.84 = x
15, 4.3<76.2

x log 4.3 < log 76.2
log 76.2
log 4.3

x <297

x <

Chapter 11
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16. 3¥-3 = g Vg1
x-1
3x—322(44>
(x73)10g3210g2+%10g4
(4x — 12)log3 =4log2 + (x — 1) log 4
4xlog3 — 121log3 =41log 2 + xlog 4 — log 4
4xlog3 —xlog4=4log2 —log4+ 121log 3

x(41log 3 —log4) =4log2 —log4 + 121log 3
4log 2 —log 4 + 12 1og 3

x = 4log 3 —log 4
x=4.84
17.
Inkgrseckion™|
n=E.EA4Y8aZE IY=E1.z40702

[10, 10] scl:1 by [—20, 100] scl:10
5.5850
18a. R = log (%) + 4.2
.3

18b. 10 times; According to the definition of
logarithms, R in the equation

R = log (ET) + Bis an exponent of the base of the
logarithm, 10. 10° is ten times greater than 104

Pages 730-732 Exercises

19. log 4000,000 = log (100,000 X 4)
= log 100,000 + log 4
=5+ 0.6021
= 5.6021

20. log 0.00009 = log (0.00001 X 9)
= log 0.00001 + log 9
= -5+ 0.9542
= —4.0458

21. log 1.2 = log (0.1 X 12)

log 0.1 + log 12

-1+ 1.0792

= 0.0792

22. log 0.06 = log (0.01 x )
=log 0.01 + log %
42

log 0.01 + log 12 — é log 4
~2 4+ 1.0792 — 5(0.6021)

—1.2218

23. log 36 = log (4 X 9)
=log 4 + log 9
0.6021 + 0.9542
= 1.5563
24. log 108,000 = log (1000 X 12 X 9)
= log 1000 + log 12 + log 9
=3+ 1.0792 + 0.9542
= 5.0334



25.

26.

27.

28.
30.
32.

34.

36.

38.

39.

41.

42.

43.

44.

45.

log 0.0048 = log (0.0001 X 12 X 4)
= log 0.0001 + log 12 + log 4
= —4 + 1.0792 + 0.6021
= — 2.3188

log 4.096 = log (0.001 + 45)

log 0.001 + 6 log 4

-3 + 6(0.6021)
=0.6124 :

log 1800 = log (100 x 9 x 4°)
= log 100 + log 9 + %10g4

1
=2 + 0.9542 + 5(0.6021)

= 3.25563
1.9921 2o, 5051
0.871 31. 2.001
3.2769 33. 2.1745
log, 8 = igii 35. log; 625 = loligeiis
logg 24 = lloog% 37. log, 4 = }Zgé
~1.7737 ~0.7124
logg 5 0.0675 = %
~ 3.8890
2 log 5 xlog 2 = log 95
_ log95
- 10g2
x = 6.5699
Bx = 4%+ 3

xlogh = (x + 3)log 4
xlogh =xlog4 + 3log4
x(log 5 — log 4) = 3log 4

3 log 4
* = log5 —log4
x =~ 18.6377
%logx1 =log 8
x* =8
x =~ 512

0.164F3x = 0.38—*
(4+3x) log 0.16 = (8 — x) log 0.3
41og 0.16 + 3x10og 0.16 = 8 log 0.3 — xlog 0.3
3x1log 0.16 + x log 0.3 = 81log 0.3 — 4 1og 0.16

x(31og 0.16 + log 0.3) = 8 log 0.3 — 4 log 0.16
_ 81l0og0.3 —41og0.16
X = "310g0.16 + log 0.3

x =~ 0.3434
4log(x +3)=9
log (x + 3) = %
x+3) = antilog%

x = antilog% -3

x =~ 174.8297
0.25 = log 16~
0.25 = x log 16
025
X = Tog 16
x = 0.2076

46. 31 < gx—7
(x—1)log3=(x—"T)log2
xlog3 —log3=xlog2 — 7log2
xlog3 —xlog2=1log3— 7log2
x(log 3 — log 2) = log 3 — 7 log 2

log 3 — 7log 2
x = log 3 — log 2
x = —9.2571
47.log, 6> 1
log 6
log x >1
log 6 > log x
6>x
. log 6 .
When x = 1, log 1 = 0, which means Tog x 18
. log 6 . . L.
undefined. When x < 1, % is negative, which is

not greater than 1. So, x must also be greater than
1. Therefore, 1 < x < 6.

48. 42x—5 <= 3x—3
(2x — 5)log4 = (x— 3)log 3
2xlog4 —5log4 =xlog3— 3log3
2xlog4 —xlog3=5log4 — 3log3
x(21log4 —log3) =5log4 — 3log 3
5log 4 — 3log 3
X="9logd—log3
x = 21719
49. 0.5%4 < .15«
(2x —4)log 0.5 =(5 — x)log 0.1
2x(log 0.5) — 41log 0.5 = 51log 0.1 — x1log 0.1
2xlog 0.5 + xlog 0.1 = 51og 0.1 + 4 log 0.5

x(2 log 0.5 + log 0.1) = 51og 0.1 + 4 log 0.5
51log 0.1 + 41log 0.5

X= 908 0.5 + log 0.1

Change inequality sign because (2 log 0.5 +
log 0.1) is negative.

x = 3.8725
50. log, x = —3 51 x < o5
x =273
x < 3.6087
x = 0.1250
52.
[—10, 10] scl:1 by [—3, 3] scl:1
53.

o

[

[—1, 10] scl:1 by [—1, 3] scl:1
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54.

1
AL

[<10, 1] scl:1 by [—2, 10] scl:1
55. x =~ 0.3210

ey

=04

Intersgckion
n=.zz09988

[=5, 5] scl:1 by [—10, 50] scl:10
56. x =~ —0.1975

Intersectio
=-187EerE Y= -1, Bl

[—5, 5] scl:1 by [—3, 10] scl:1
57. x=2

Inktgrseckion

n=c ¥=84
[—5, 5] scl:1 by [—5, 10] scl:1
58a. h = —%O 1og%
~ 1.7 mi
58b. 4.3 =12 log 1or
—0.3870 = log P — log 14.7
—0.3870 + log 14.7 = log P
0.7803 = log P
6.03 = P; 6 psi
59a. M =53+ 5+ 51og 0.018
~ 1.58
59b. 53=86+5+5logP
—-8.3=>5log P
—1.66 = log P
0.0219 = P
1\0.87
60a. ¢ = (3)
110.1342
-(3)
=0.9112
$91,116

Chapter 11

392

t

0.8
60b. 0.9535 = ()
log 0.9535 = 0.8! log 5
log 0.91535 _ 0.8
logE

log 10g 09535 0'9535 = tlog 0.8

logE

12.0016 ~ ¢
12 years

61. Sample answer: x is between 2 and 3 because 372
is between 100 and 1000, and log 100 = 2 and log
1000 = 3.

62a. L = 10 log 7555

= 10(log 1 — log (1.0 X 10712))
=120 dB

I
62b. 20 = log 1.0 X 1012
2 =log I — log (1.0 X 10712)
2=1logl+ 12
—10 =log I

1X10710=1;1x 10710 W/m?2
1 t
63. Use N = Ny(3)

N = 630 micrograms = 63 X 10~% gram
Ny = 1 milligram = 1.0 X 1072 gram

6.3 X 1074 = (1.0 X 10—3)(§)t

6.3 X 10~* 1
log 75105 = tlogy
0.6666 =t

0.6666 X 5730 =~ 3819 yr
64. log, y = log, P — log, q + log, r
log,y = logaf + log, r
log, v = log, %
_pr

q
65. log, 243 =5

x® = 243
x=3
66.
_-ﬁ"'--

increasing from —o to o
67. (a4b2)%c§ — (a4)%(b2)é(02)§
= aVab%c?
68. (5)2 + (0)2 + D(5) + E(0) + F=0
5D+ F+ 25=0
W2+ (—-22+DQ) +E-2)+F=0
D—-2E+F+5=0
D2+ (=32 +DM4) +E(-3)+F=0
4D—-3E+ F+25=0



5D+ 0E+F+25=0
(<) D-2E+F+ 5=0
4D+ 2E  +20=0
4D+ 3E+F+25=0
(<) D-2E+F+ 5=0

3D— E  +20=0
4D+ 2E+20=0
+2(3D — E +20=0)
10D + 60 = 0
D=-6
4(—6) + 2E + 20 = 0
2E—-4=0
E=2
5(—6) + 02) + F+ 25 =0
F-5=0
F=5

x2+y?—6x+2+5=0
—6x+9+(2+2y+1)=-5+9+1
x=32+@+1)2=5

69. (S22 18 24) - 9v/5, 1)

70. r=

o]

71. 90°

210° 330°

240° 300°

270°
72. AB = {((6 — 5), (-5 + 6))
=L
|AB | = V(6 - 5)2 + (=5 + 6)2
=V2=1.414

\y
# = 36 +~ 10 = 360°
cos 36° = 3%:;5

a = 3.65 cos 36°
~ 2.9529 ~ 2.1454

Use A = 3aP, where P~ 10(2.1454) ~ 21.454.
A =~ 5(2.9529)(21.454)
~ 31.6758 or 31.68 cm?

. b
o _
sin 36° = 3.65

b = 3.65 sin 36°

393

74.

75.

76.

flx) = x3 — 2x2 — 11x + 12
D) =1-2(1) — 11(1) + 12 Test f(1).
f)=0 (x — 1) is a factor.
1l 1 -2 -1 12
1 -1 -12
1 -1 -12 ] 0

x2—-x—-12=0
x—4dx+3)=0
So, the factors are (x — 4)(x + 3)(x — 1).

y

|
[V
Y|=[5x3+2x+ 5
o X

Neither; the graph of the function is not
symmetric with respect to either the origin or the
y-axis.

T+5+4+1=17

17,000,000

The correct choice is D.

11-6

Natural Logarithms

Page 735
1.

Check for Understanding
In e = 11is the same as log, e = 1. And el = e. So,
Ine=1.

. The two logarithms have different bases.

log 17 = 10* = 17 or x = 1.23
In17=¢e*=170rx = 2.83

. In 64 = 4.1589
In 16 = 2.7726
In 4 = 1.3863

In16 +1In4 = 2.7726 + 1.3863 = 4.1589

. The two equations represent the same thing,

A = Pe is a special case of the equation
N= Noekt and is used primarily for computations
involving money.

5. —4.7217 6. 1.1394
7. —15.606 8. 0.4570
9. log; 132 = 2122
~ 3.0339
10. log, 64 = -
~ 3.7856
11. 18 = 3
In18=3xlne
In 18 _
22 -
0.9635 = x

Chapter 11



12. 10 = 5ePk
2 = ok
In2=5kIlne
In 2

5
0.1386 = k
13. 25e¥ < 100
er <4
xlne<ln4
x < 1.3863

14. 4.5 = 0-031

In4.5=0.031tlne
In 4.5
=
0.031 =

48.5186 =t
15. x = 13.57

Interseckion]
=1z E73E0N

¥Y=1.z12CE1z

[—20, 20] scl:2 by [—4, 20] scl:2
16. x> 26.90

T
Inktsrseckion
W=gR. B97EEE W=7 BOEEZD
[—15, 30] scl:5 by [—50, 150] scl:10
17a. p = 760e 0-125(.3)
— 7606_0'4125
=~ 503.1 torrs

17b. 450 = 760e~0-125a
450 _
Teo = ¢ 01250
In (%) = —0.125alne
450
m(%0)
~0.125 @

4.1926 =~ a; 4.2 km

Pages 736-737 Exercise

18. 5.4931 19. —0.2705

20. 6.8876 21. 0.9657

22. 0 23. 2.2322

24. 10.4395 25. 1.2134

26. 0.0233 217. 0.9966

28. 146.4963 29. 0.2417

30. log,, 56 = 120 31. log, 36 = -2
~ 1.6199 ~ 2.2266

In 83

32. log, 83 =7

~ 3.1875
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33

34

35

36.

38.

39.

41.

42.

43.

44.

. logg 0.512 = 22512
~ —0.3219
. log, 323 = 22
~ 3.2246
. log; /288 = 1258
~ 1.7593
X =172 317. X =27
xIn 6 =1n 72 xIn2=1n27
_In72 _ In27
~ Iné6 X=Tne
~ 2.3869 =~ 4.7549
9v=4 =713

x—4)In9=1n7.13
xIn9—-4In9=1In"7.13

xIn9=1In713+41n9
~ In713+4In9

In9
x ~ 4.8940
3x = 3V2 40. 25¢° = 1000
xIn3=1n3+1nV2 ¥ = 40
_lh3+nVa xlne=1n 40
In 3 x ~ 3.6889
x~1.3155
60.3 < 01t
In60.3<0.1tIlne
In 60.3
01 <t
40.9933 < ¢
6.260'64t — Set+1

In6.2+064tlne=In3+(#+1)lne

In6.2—-In3—1=0.36¢

In62-In3—-1

0.36 =1

0.7613 = ¢

22 = 44 (1 — )

%— 1= —e%
%:e2x

1_
3 =2xIne

R
—0.3466 = x

25 < 0-075y

In 25 < 0.075y In e
In 25
0.075 =~V

y > 42.9183




45. 5 =17V6
xIn5=<In7+1nV6

= In7+1nV6
Ins

x = 1.7657
46. 12574 > 4%
x—4)Inl12>xIn4
xInl12-4In12>xIn4
xInl12 —xIn4>41In 12

x(In12 —In4) >41n 12
41In12
x> In12-1In4

) x> 9.0474
47. x* =276

x = (27.6)*

x = 144.9985

48.

Interseckiond

n=-zrels YoENE T

49.

I—I—’E—I—IJ_I—I—I—I—I—I—I—I—I—I
Inkerseckion
=-7.BxreEE IY=.00E0EiyYy

[70, 10] scl:1 by [—3, 10] scl:1

50.

[—5, 5] scl:1 by [—50, 700] scl:50

E

Intgrsgckian

n=1zz.14z7 —Y=1a00 “——

51.

Intersgctionf—————
n=e dheroll 1Y=18.E

[—6, 6] scl:1 by [—4, 24] scl:2

x =~ —3.76
x =~ —7.64
t<133.14

[—10, 150] scl:10 by [—100, 2000] scl:100

x~2.14
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52. x=4.72
Inkersection
bl Mo [T b s
[—10, 10] scl:1 by [—10, 75] scl:5
53. x = 0.37
G-
—
Interseckion
n=.ZBB:Y2ZE 1Y=1.4952Y48E
[—5, 5] scl:1 by [—2, 5] scl: 0.5
54 0.6 = 1¢ BT
t
In 0.6 = 20,000(4 X 10~ 1) Ine
—20,000(4 X 10°11) 1n 0.6 = ¢
4.09 X 1077 =¢
4.09X 1077 s
1\¢
55. 2.8 = 9(3)
In 2—58 =tln %
2.8
lnT
1 =t
lnE
1.6845 = ¢
1.6845 X 8 X 24 = 323.4236
324 h
56a. In | 180 — 72| = —k(0) + ¢
4.6821 = ¢
56b. In | 150 — 72| = —k(2) + 4.6821
In 78 — 4.6821
5 =k
0.1627 = k
56¢c. In | 100 — 72| = —(0.1622)t + 4.6821
In28 — 4.6821
~0.1627
8.3 =t 83—-2=6.3
about 6.3 min
57. e 2 —4e*+3=0
e™*=38)(e*—-1)=0
e *—-3=0 e *—1=0
e ¥ = e *=1
—xlne=1In3 —xlne=1In1
x ~ —1.0986 x=0
0 or —1.0986
58a. 2 = 0063t
In2=0.063tIne
In2
0.063 !
11.0023 = ¢

about 11 years
58b. See students’ work.
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59.

1800 = —5000 In r
1800
“5000 — In T

antiln(%%%o) =r
0.6977 = r; about 70%

60a. 1= 10k0622)
Int=1622kIne
lnE
1622
—0.000427 = k
60b. 1.7 = 23¢(—0.000427)(t)
In % = —0.000427tIn e
17
Y N
~0.000427 ~ 1
707.9177 = ¢

61.

62.

63.
64.

65.

66.

67.

about 708 yr

y is a logarithmic function of x. The pattern in the
table can be determined by 3 = x which can be
expressed as logg x = y.

1.2844
3
16* =
¥2=y+4
x2+4y2:
+4) +4>=38
42 +y—4=0
-1+ VI—4@)(=4)
8

-1+V65
Yy="8
y=0.9 —-1.1
x2=~09+4 x2=~-11+4
x%i\/ﬁ x%im
x~-22,22 x=~-1.7,1.7

y. 1

DZSZN - 146 cm? - ﬁimg =c
0.00765 =~ ¢; 0.00765 N - m
x=025cosm y=0.25sin 1
= —-0.25 =0
(=0.25, 0)

@ =(1,—-2) + 3(4, 3)

=(1, -2) +(12,9)
=(13,7)

Chapter 11

68.2x —5y+3=0
~VA2 + B2 = -V22 + (-5)2 = —V29
T 3
V2o T Vas 29
2V29 5V29 3\/@70
TTo9 ¥t o9 YT g9 T
p = Y2 ~ 0,56 units
. 5 2
smd):@ cosd):—@
5V29
29
tan ¢ = V35
29
tan(b:—g
b =112°
2V/29 5V/29 3V29 3V29 o
T X 99 ¥ T 99 = 05755 =~0.56; 112

69. y = =70 cos 40

70.

d =800 — (10 - 55)
= 250
The correct answer is 250.

11-6B

Graphing Calculator Exploration:
Natural Logarithms and Area

Pages 738-739

1.
2.

3a

3b.
4a.
4b.
4c.
4d.
4e.

5.

0.69314718

0.6931471806; It is the same value as found in
Exercise 1 expressed to 10 decimal places.

. The result is the opposite of the result in
Exercise 1.

Sample answer: a negative value

0.69314718

1.0986123

1.3862944

0.6931471806, 1.098612289, 1.386294361

The value for each area is the same as the value
of each natural logarithm.

—0.5108256238; —0.6931471806; —0.9162907319;
These values are equal to the value of In 0.6,

In 0.5, and In 0.4.

. If k = 1, then the area of the region is equal to

In k. If 0 < k < 1, then the opposite of the area is
equal to In k.

. The value of a should be equal to or very close to

1, and the value of b should be very close to e. This
prediction is confirmed when you display the
actual regression equation.

. Sample answer: Define In % for £ > 0 to be

the area between the graph of y = -, the x-axis,
and the vertical linesx = 1 andx = kif £ = 1 and
to be the opposite of this area if 0 < & < 1. Define
e to be the value of %k for which the area of the
region is equal to 1.



Modeling Real-World Data with
11.7 | Exponential and Logarithmic
Functions

Page 744 Check for Understanding
1. Replace N by 4N, in the equation N = Noekt,
where IV, is the amount invested and % is the
interest rate. Then solve for ¢.

2. The data should be modeled with an exponential
function. The points in the scatter plot approach a
horizontal asymptote. Exponential functions have
horizontal asymptotes, but logarithmic functions
do not.

3.y = 2enDx oy y = 21:3863x; Iy y = In 2 + (In 4)x or
Iny = 0.6931 + 1.3863x

In 2 In 2
4.1=50175 5.1 =708
~ 39.61 yr ~ 8.66 yr

6a. y = 10.0170(0.9703)*

6b. y = 10.0170(0.9703)*
y = 10.0170(eln 0-9703)x
y= 10.0170en 0.9703)x
y = 10.0170e0-0301x

6c. 5 =~ 10.0170¢~0-0301x
5
In 755170 = —0.0301x

1 _5
110.0170
—0.0301

23.08 = x; 23.08 min

=X

Pages 745-748 Exercises

In 2 In 2
7.1= 00225 8.1="05

~ 30.81 yr ~ 13.86 yr

In2
9.t ="407195

~9.73
10. exponential; the graph has a horizontal asymptote

11. logarithmic; the graph has a vertical asymptote
12. logarithmic; the graph has a vertical asymptote
13. exponential; the graph has a horizontal asymptote
14a. y = 4.7818(1.7687)*

14b. y = 4.7818(1.7687)*
y = 4.7818(eln 1.7687)x
y = 4.7818¢(In 1.7687)x
y = 4.7818¢0-5702x

14c. Uset = 2% k = 0.5702.
__In2
t= 0.5702
~1.215hr

15a. y = 1.0091(0.9805)*

15b. y = 1.0091(0.9805)*
y = 1.0091 (eln 0-9805)x
y = 1.0091¢(In 0-9805)x
y = 1-009167001979‘

15c. 0.415 = 1.0091e—0.0197x

0.415
Cooer = —0.0197x

0.415
nTo091
-0.0197 ~ %

45.10 =~ x
45.10 — 10 = 35.10 min
16a. y = 2137.5192(1.0534)*
16b. y = 2137.5192(1.0534)~
y = 2137.5192(eln 1.0534yx
y = 2137.5192¢(n 1.0534)x
y = 2137.5192¢0-0520x
16c.  2631.74 = 2137.52¢%"

In

2631.74
In oyg750 = 4r
2631.74
2137.52
In 202 = p

0.0520 = r; 5.2%
17. y = 40 + 14.4270 In x
18a. y = —826.4217 + 520.4168 In x

18b. The year 1960 would correspond to x = 0 and
In 0 is undefined.

19. Take the square root of each side.

y:CJCZ
Vy = Vel
Vy = Ver

20a. 1034.34 = 1000(1 + r)!
1.03034=1+r
0.03034 = r; 3.034%
20b. y = 1000.0006(1.0303)*
20c. y = 1000.0006(1.0303)*
y = 1000.0006(e!n 1.0303yx
y = 1000.0006¢(n 1.0303)x
y = 1000.0006¢0-0299x

20d. 1030.34 = 1000e"

I 103034 _
N 5000 — T

0.0299 = r; 2.99%

2la. | 0 50 | 100 | 150 | 190 | 200

Iny | 1.81 [ 2.07 | 3.24 | 3.75 | 4.25 | 4.38

21b. Iny = 0.0136x + 1.6889

21c. Iny = 0.0136x + 1.6889
y = ¢0-0136x+1.6889

21d. y = e0-0136(225)+1.6889

~ 115.4572
115.5 persons per square mile
22a. The graph appears to have a horizontal
asymptote at y = 2, so you must subtract 2 from
each y-value before a calculator can perform
exponential regression.
22b. y = 2 + 1.0003(2.5710)*

23a. In y is a linear function of In x.
y = cx®
In y = In(cx%)
Iny=1Inc+ Inx?
Iny=lnc+alnx
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23b. The result of part a indicates that we should

take the natural logarithms of both the x- and

y-values.
Inx | 6.21 | 6.91 | 852 | 9.21 | 9.62
Iny | 449 | 484 | 5.65 | 5.99 | 6.19
23c. Iny = 0.4994 In x + 1.3901
23d. Iny = 0.4994 In x + 1.3901
elny — 60,49941n x+1.3901
y = 0-4994Inx . (1.3901
y = (eln x)0.4994 - 4.0153
y = 4.0153x0-4994
24. 2 = ek(85)
In 2 = 85k
0.0082 = k
12 = 60.008215
In 12 = 0.0082¢
303 =t
303.04 min or about 5 h
25. 0.01
26. log (7x) = log; (5x + 16)
Tx = bx + 16
2x = 16
x=38
27a. y = x(400 — 20(x — 3))
y = x(460 — 20x)
y = —20x2 + 460x
y — 2645 = 20(x% — 23x + 132.25)
y — 2645 = —20(x — 11.5)
vertex at (11.5, 2645), maximum at x = 11.5
$11.50
27b. At maximum, y = 2645.
$2645
28. 5<cos % + i sin %) = 5(% + %l)
60 b
29. sin 24° ~ sin 48°
60 sin 48° = b sin 24°
60 ft b = 109.625

about 109.6 ft

Bx2 —8x+12=0

Discriminant: (—8)2 — 4(5)(12) = —176
The discriminant is negative, so there are
2 imaginary roots.

30.

_ 8+V-1176

x= 10
8+ 4iVIl  4=x2iV1L
=10 O 5

31. 4 units left and 8 units down
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32.
y (2, 1): fx) = 2(2) + 8(1) + 10
x=/4 =22
2. )\\sz g D0 = ;gx) +8(1) + 10
—2y= -4 -
X @,1) (2, 8): f(x) = 2(2) + 8(3) + 10
y=1 A =38
o X (4, 4): fx) = 2(4) + 8(4) + 10
2]
=50
50; 22
33. Circle X contains the regions a, b, d, and e.

Circle Z contains the regions d, e, f, and g. Six
regions are contained in one or both of circles X
and Z.

The correct choice is C.

Chapter 11 Study Guide and Assessment

Page 749 Understanding the Vocabulary
1. common logarithm 2. exponential growth
3. logarithmic function 4. scientific notation
5. mantissa 6. natural logarithm
7. linearizing data 8. exponential function
9. nonlinear regression 10. exponential equation

Pages 750-752 Skills and Concepts
11. (i)_z = 5 12. (64)" = 8
()
=16 , %
13. (27)? = (33)° 14. (V/256) = (256)°
= 34 — 44%
=81 — 513 )
= 64
3x2 1\3 1\3
15. 32%(32) 2 = (3 16. (6a’) = 6%a’)
32 = 216a
9x2
1
3
17. (%x4>3 = (é 3(x4)3
_1 12
8
18. (w3)4 . (4w2)2 — w12 . 42 . w4
= 16w!'®
1 1.3 143 192
19. (2a)'@0)") =|@a)'| - [ @)’
= (2a)(a?b)
= 2a3b
20. <3x%y%)(4x2y2) = 12xgy%



21. 22.
i V
\ \
\ \
3 X\
y=8"
y=(3)
T—
(o) X O X
23. 24.
y y 4
Y= ox 1 /
/
/
- =2%=12
]
o X o X
25. 26.
y Vi 4
I i
o X I
4 2¥+2 'l
y= 2841 ]
Vi
\ /
\ /
[0} X
27. A = 2500¢0-06510)
~ 4788.8520; $4788.85
28. A = 600000725010
~ 12,388.3866; $12,388.39
29. A = 12,000¢0-059010)
~ 21,647.8610, $21,647.86
2
30. 8 = 4 31.371 =5
32. log, 16 = 4 33. log, 5= = —2
34. 2% = 32 35. 10* = 0.001
9% — 95 10* = 1073
x=5 x = -
36. 4% = - 37. 28 = 0.5
4% =472 2v =271
x=—2 x=—-1
38. 6* = 216 39. 9¥ = ¢
6* = 63 gx = 9—1
x=3 x=-1
40. 4* = 1024 41. 8 = 512
X = 45 ]* = 83
x=5 x =
1\ 4
4251 =81 43.(3) =
x = (81)* 16 = x
x=3
44. log, 3 + logg x = log, 45

logg 3x = logg 45
3x = 45
x =15

45. 2logg 4 — %log6 8 = logg x

1
log, 42 — logy 8° = logg x

42
logg - = logg x
83
42
T
83
8=x
46. log, x = %log6 27
1
log, x = log, 27°
1
x = 27°
x=3
47. y
(0] X
y/=|log4g|X

48. log 300,000 = log (100,000 X 3)
= log 100,000 + log 3
=5+ 04771
= 5.4771

49. log 0.0003 = log (0.0001 X 3)
= log 0.0001 + log 3
= -4+ 04771
= —3.5229

50. log 140 = log (10 X 14)

log 10 + log 14

=1+ 1.1461

= 2.1461

51. log 0.014 = log (0.001 X 14)
log 0.001 + log 14
-3 + 1.1461
= —1.8539
4x = 6x+2

xlog4 = (x + 2)log 6

xlog* = x1log 6 + 2 log 6
xlog4 — xlog 6 =2log 6
x(log 4 — log 6) = 2 1log 6

52.

_ 2 log 6
x = log 4 — log 6
x =~ —8.84

120.5x — 80.1x74
0.5xlog 12 = (0.1x — 4) log 8
0.5x log 12 = 0.1x log 8 — 4 log 8
0.5xlog 12 — 0.1x log 8 = —4 log 8
x(0.51og 12 — 0.1 log 8) = —4 1log 8

_ —4log 8
X = 05log12 - 0.11og 8

x = —8.04

53.
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3
54. (4)" <62
3x10g%< (x—2)log6
3xlogi<xlog6 —2log6
3xlogi—xlog6< — 2log 6
x(3 logi —log6) < —2log 6
x> 72110g6
3 logz —log 6
Change the inequality because 3 logé — log 6'is
negative.
x> 0.6
55. 0— 12x+8 = 7xt4
(2x+ 8)log 0.1 = (x + 4) log 7
2xlog 0.1 + 8log 0.1 =xlog7+ 4log7
2x1log 0.1 —xlog7=41log7 — 8log 0.1
x(21log 0.1 —log7) =41log 7 — 8log 0.1
- 4log 7 — Tlog0.1
X' = "910g 0.1 —log 7
x=—4
56. log (2x + 3) = —log (3 — x)
log 2x + 3) =log (3 — x)~ 1
@Qx+3)=0B-x"1
Cx+3)B—-—x)=1
2x2 - 3x—8=0
3+V73
x=""y
~ —1.39, 2.89
57. Y
y=3log/(x—2)|_1>
/
[o) X
[
58. y
|
II
y=[*-2
o X
59. x = 3.42
Inkerseckion
Az -EN1E0zE IY=E 4EZ9E -Y
[5, 5] scl:1 by [—5, 5] scl:1
log 15 log 24
60. log, 15 = log 4 61. logg 24 = log 8
~ 1.9534 ~ 1.5283
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62

64.

65.

66.

67.

68.

70.

71.

log 100
- log, 100 = =9

~ 2.0959
4x = 100

xIn 4 =1n 100
_ In100
~ In4

x =~ 3.3219
62 =30
(x—2)In6=1n30
In 30

In6

In 30
In6 +2

x ~ 3.8982
3x+1:42x
(x+1)In3=2xIn4
xIn3+1In3=2xIn4
xIn3 —-2xIn4=—-1In3
x(In3—-2In4)=-1n3
—In 3
X~ ms-2n4
x =~ 0.6563
94x=5x—4
4xIn9=(x—4)1Inb
4xIn9=xIn5—-41Inb
4xIn9 —xInb5=-4Inb5
x(4In9—-1Inb)=-4Inb

_ —41lnb
X = 4m9-In5

x ~ —0.8967
24 < 2x 69. 15¢¥ = 200

In 24 < 2x v ="

In 24 =1
x>72 x=1In=5

x> 1.5890 x = 2.5903
x = 3.333

63. log,5 125 = 1100ggA11255

~ 1.7829

x—2=

x =

InkerseckionT—————
neiIEEE ¥=EB

[—5, 5] scl:1 by [—10, 60] scl:10
i x < 2.20

Intersgckiono—— . .
n=e. 1872 =8

[—1, 5] scl:1 by [—1, 10] scl:1



In2 In2

72.1 =098 73. 1= "05125
~ 24.76 ~ 13.52
74.18 = 22
In 2
k="
~ 0.0385; 3.85%
Page 753 Applications and Problem solving

t
75, 0.065=(3)
log 0.65 = ¢ log %

log 0.65
log 065 _
logE
0.6215 ~ ¢t
0.6215 X 5730 ~ 3561.13 or 3561 yr.
—-10
7T6a. B = 10 log “ro-rr—
~20.6 20.6 dB
-9
76b. B = 10 log 555
~395 39.5 dB
-3
76c. B = 10 log 2BX 40—
~ 995 99.5 dB

77. 200,000 = 142,000e0-014¢
100 _ o.014¢
7

100

In o= 0.014¢
100

In o

o014 0
24.4 =t

1990 + 24 = 2014
78a. N = 65 — 30e0-20)
=~ 44.89; 45 words per minute
78b. N = 65 — 30e0-2015)
= 63.50; 64 words per minute

78c. 50 = 65 — 30e~0-20¢
% = ¢—0.20¢
1
In 5 = —0.20¢
1
In 2
“o20 ¢

3.47 = t; 3.5 weeks

Page 753

1
1. Sample answer: (n%)*(4m)~!

Open-Ended Assessment

2. Sample answer:
log 2 + log(x + 2) = %log 36
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1. To find the greatest possible value, the other 3
values must be as small as possible. Since they
are distinct positive integers, they must be 1, 2,
and 3. The sum of all 4 integers is 4(11) or 44. The
sum of the 3 smallestis 1 + 2 + 3 or 6, so the
fourth integer cannot be more than 44 — 6 or 38.
The correct choice is B.

. L1
2. Since one root is 5, x = 3,
Similarly for the root that is 3,

x:%,3x:1,and3x—120.

1 2x1: 1, and 2x = 0.

To find the quadratic equation, multiply these two
factors and let the product equal zero.
2x—1Bx—1)=0
6x2—Bx+1=0
The correct choice is E.
3. The result of dividing 7'by 6 is 14 less than the
correct average.

T
s = correct answer — 14

T
& T 14 = correct average

The correct average is the total divided by the
number of scores, 5.

T
correct average — 5

T T
T l4=7

The correct choice is E.

C(x,0) x

Find the area of AABC.
L1, 1 o _ %
A =5bh =5xy =5,
Simplify the ratio.
ﬁ
area of AABC 2 i(ﬂ) a2
tan A T2 T o2y\2/) 7 4

X

The correct choice is E.
x _ 10
5. il
2yx = 10y
2x = 10
x=5
The correct choice is B.

Chapter 11



6. C=wD
2?w:'er

2 1
D = 3 and, therefore, r = 3.

Now use this value for the radius to calculate half

of the area.
1 (1)2_1 (g) _
2™ 3) = 2My9/) ™

The correct choice is A.

1 1 ™
oA =gt = 18
7. The average of 8 numbers is 20.

sum of eight numbers

20 = s

sum of eight numbers = 160
The average of 5 of the numbers is 14.
14 =

sum of five numbers
5

sum of five numbers =
70
The sum of the other three numbers must be
160 — 70 or 90. Calculate the average of these
three numbers.

90
=5 =30

sum of three numbers
3

The correct choice is D.

average =

8. The sum of the angles in a triangle is 180°. Since
/B is a right angle, it is 90°. So the sum of the
other two angles is 90°. Write and solve an
equation using the expressions for the two angles.
2x + 3x = 90

5x = 90
x =18
The question asks for the measure of ZA.
ZA = 2x = 2(18) = 36
The correct choice is C.
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9. A is the arithmetic mean of three consecutive
x+x+2D+@x+4 =
3

= x + 2, where x is a positive even integer.

positive even integers, so A =

3x+6
3

Then A is also a positive even integer. Since A is
even, when A is divided by 6, the remainder must
also be an even integer. The possible even
remainders are 0, 2, and 4.

The correct choice is C.

10. First notice that b must be a prime integer. Next
notice that 3b is greater than 10. So b could be 5,
since 3(5) = 15. (b cannot be 3.) Check to be sure
that 5 fits the rest of the inequality.

5 25 1
3(5) = 15> 2(5) = 2 = 45
So 5 is one possible answer. You can check to see
that 7 and 11 are also valid answers.
The correct answer is 5, 7, or 11.



