NELSON QMATHS 12
MATHEMATICAL METHODS

WORKED SOLUTIONS

Chapter 1 Logarithmic functions

Exercise 1.01 Logarithm laws

Question 1
a 3*=81
logs (81) =4
1
b 162 =4
1
logis (4) = 5

c 10~*=0.0001

logzo (0.0001) = —4

2

d 273 =9

wlN

logo7 (9) =
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Question 2
a logs (64) =3

43 = 64

1
b lo 3N==
927 (3) 3

Wl

273 =3
c log (0.01)=-2

102=0.01

2

d logs (4) = =
0s (4) 3

2

8¢ =4

Question 3

a logs (1) =logs (5°) =01logs(5) =0x1=0
b logz (0.5) = logz (%) =log2 (27%)=-1x1=-1

c 2logs (1) =21logs (3°)=0x2x1=0

d loga (1),a>0=1l0oga (@%)=0x1=0

e logs (5) = logs (5') =1 x logs (5) =1x 1=1

f [logs (4))% = [logs (41 = [1 x loga (4)]* = [1 x 1]*=1*=1

g logz (8) =109z (2°)=31l0g2 (2) =3x1=3

1
h logs (2) = logs (8%) = % xlogg(8) == x1=

W
W
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Question 4
a loga (2) +logs (64) =1logas (2 x 64)

=logs (128)

7
= logs [42J

loga (4)

N~

1

b logs (81)—logs (3) =logs (9°) — logs £9]

= 2 logs (9) % logs (9)

=2 i
2
= l1 orl5
2
c logz (10) + 2 logz (4) —logz (80) = log: (10) + logz (4°) — log2 (80)
- logs (10x16)
80

=log: (2)
=1

d logz (logs (5)) = logz (1) = log7 (7°) =0xlog7 (7)=0
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oo 5 200 ] oo 57 oo
b (2] v (2] ] 000 (22) w0 (£
et

oy
=log7 (7°7)

=-2xlog7 (7)

Question 5

a  logs (7y%) = logs (7) + logs (y°)
=loge (7) + 2 logs (y)

b logs (5xz%) = logs (5) + logs (X) + logs (z°)
=logs (5) + logsz (x) + 3 l0gs (2)
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1 _
c loga (Fj =logs (W)

=-51004 (W)
d logs (%} =logs (2) +logs (x) —logs (y*) —logs (2°)
= logs [8;*} +logs (x) —2logs (y) —3logs (z)

logs (8) +logs (x) —21logs (y) —3logs (2)

Wl

+logs (x) —21logs (y) —3logs (z)

Wl

e logz (x? — 4) = log7 [(x + 2)(x — 2)] = log7 (x + 2) + log7 (x — 2)
f logs (%] = logs (y*) +logs (y+3) —logs (y-2)°

=3logs (y) +logs (y+3) —2logs (y—2)

1
2 2 2 2\3
Xy Xy
2 2
log2 [X Y ]
Xy

[Iog2 (x*+y?)-log, (xy)}

N |-

N |-

[log, (x: + y2)~log, () ~log, (y)

N |-
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5 2 N\
h logs (m] = logs (5(2 +1) ]
= log, (5)+log, (z* +1);
= logs (5) 1 logs (z2 +1)
2
Question 6
a 5 logz (x) + 3 log2 (y)
=logz (x°) +logz (y*)
=logz (X°y°)
b 2 logs (p) —logs (11) — loge (M)
=logs (p®) - logs (11) - logs (m)
_ p’
= logs (ﬂm]
¢ 2[log(y) +log (y +2)-log (y* - 1)]
_ y(y+2)
=2|lo
! QL = H
- 1og[ 11122
y -1
d  4[310gs (x) - logs (x + 1) — logs (% 3)]

=4 [logs (X)* - loga (x + 1) — logs (x* - 3)]*

Sk e
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e %Iogs (17) - 3logs (x) — 4logs (y)

1

= log, (17)2 ~ logs (x)" - log, ()

s

4

f %Iog7 (x—3) + 3logr (x) + 2logr (3 + X)

1

= log, (x- 3)3 + log, (x)° + log, (3 +x)2

= Iog7(x3(3+ x)2 2 x—3)
g % [logs (x) + 3logs (y) — 5logs (x — 2)]

= [log, (x) + log, (y°) - log, (x- 2]

1] xy?
= E |093L:|

(x-2)

h %|ng (x+1)+ %Iogz (x=1) +log2 (5)
= Iogz(\/x+1)+logz(\/x—1)+logz(5)

= Iogz(5 (x+1)(x—1))
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Question 7

aloga(x2—3) -3

b 251008 — 52(10gs8)
_ 5(I09582)

= 5I09564

=64

1
c 1027 =10
-

d 43Iog4 6 — glog 6°

e 3—2Iog37 — 3Iog3 772

Question 8

a

log, (36)

_log36
log 2

_ 1.55630...
0.30102...

=5.169925...
~5.1699
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log, 4, (500)
log500

log100

_2.69897
2
—1.349485...

~1.3495

log,, (21)

log 21
log0.2

1.32221...
—0.69897...

=-1.89166...

~-1.8917

log,, (3.18)

_ log24
~log(3.18)

~ 0.502427...
1.380211...

=0.364021...
~ 0.3640
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Question 9

a

Question 10
a log .30
=log, (2x3x5)
_=log, 2+log, 3+log, 5

=0.67+1.07+1.56
=3.30
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b loga (40)
=log, (5x8)
=log, (5% 2°)
=log,5+3log, 2

=1.56+3x0.67
=3.57

C log (ij
*{10

2 2x5

=log, 3—-log, 2—log, 5
=1.07-0.67-1.56
=-1.16

1

| '°ga(Ej

=log, (15) 2

1
—_Zlog. (15
109, (15)

1
=——log.(3x5
> g,(3x5)

:—%[Ioga3+loga5]

—11.07+1.56]
2

-1.32

e log (—Ej
‘L5

=log, (-3)—log, 5

log, (—3) is undefined .. no solution
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Question 11

a

If n=log, xthen 3" = x
3X=3xX

=3x3"

=3n+l

log, (3x*)

=log, 3+ log, x*
=1+4log, X
=1+4n

log, (243)

=log, (3°)

=5log, 3
=5[Iog33}
log, X

=5)<l
n

i

X2
log,| —
93(27j

= log, (x* )~ log, 27
=2log, x—log, 27
=2n-log, (3°)
=2n-3log, 3
=2n-3
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Question 12

a
logy =2log(4)-5log(x)

=log(4*)-log(x°)

16
=log =

log, (y)=4log,(x)—-2

=log, (x*)-2log, 3

=log, (x*)-log, (3*)

X4
—log. | =
o0,

y="5

log, (2xy)=2.5

4%° = 2xy

5

(22)2 =2xy

32 =2xy
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log, (Z—JJ +3=10g,(2)

log, (2x)—log, (y)+3=1log,(2)

log, (y) = log, (2x)+3log, (3)—log, (2)

= log, (2x) + log, (3°) - log, (2)

L2

y =27X

Question 13
log,,(15) +log,,(x) =0
log,, (15x) = log,, (1)

15x =1

X=-—
15

Question 14

log, ()
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Question 15
Ioga(x”)
=log, (XxXxXx.......), ntimes

=log, (x)+log, (x)+log, (x)+...
=nlog, (x)

Question 16
a log, (xy*)

=log, (x)+log, (y*)

=log, (x) +2log,(y)
=3+2x5
-13

b log, (nx°y)

=log, (n)+log, (X3)+ log,, (y)

:Iogn(n)+3logn(X)+|Ogn(Y)
=1+3x3+5
=15

X

o
=Iogn(X)—logn[y;j

=log, (x)—%logn (y)

=3—1x5
2

=05
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d Iogn(%/xT/"’)
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Exercise 1.02 Indicial equations

Question 1
a 6*=1
6" =6°
x=0
b ok=27
(3) =3
2k =3
¢ #=16J2
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Question 2
a 5X - 57X—2
X=7X-2
—6x=-2

52k-5 _ g0
2k -5=0
2k =5

k=2
2
d 81t -2m =27
34(1—2m) _ 3
4-8m=3
-8m=-1

1
m==
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4" =457y
y?=6-y
y?+y-6=0
(y+3)(y-2)=0
=-3,2

64**1= /16

1
43(X+1) — 45

3x+3:i
2

3x:—E

4 =16""°
4t = 42
z2=2z+10
z=-10

10-18x = —3x+6
_15x =—4
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Question 3
a A g -1=3
4 —4* x4 =3
Leta=4"

a—E:S
4

4da—-a=12
3a=12

a=4

4 =4

x=1

b 2m*+4_2Mm=120
2'x2™ -2 =120
Leta=2"
16a—-a =120
15a =120

a==8

2" =8

m=3
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p 1.3
2 2
Leta = 2"
1 3
a——==
a 2
2a°-2=3a
2a°-3a-2=0
(2a+1)(a-2)=0
a=—i or a=2
2
2"=-2" or 2°=2

nosolution or x=1
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e 259 x2y=110
2V x2°-9x2Y =110
Leta=2"
64a—-9a=110
55a=110

a=2
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Question 4

a 7"=12

log(7*) =log (12)
xlog(7)=1log(12)

Iog(?)
" log (12)

X =1.27698...

X~1.277

b 12% = 38
log (12%) = log (38

(38)

3xlog(12) = Iog(38)
0g(38)

Iog(12)
3x=1.46387...

3X =

X =0.48795...
X ~ 0.488

C I+l =17
log (3"**) = log (17

)
(4x+1)log(3) =log(17)
)

4x+1=

log(3)
4x+1=2.57809...
4x =1.5789...
x=0.39472...
X ~ 0.395
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d  97?=4
log(9"%) =log (4)
(x+2)log(9)=log(4)
9(4)
log(9)
X+2=0.63092...

X+2=

x=-1.36907...
X ~-1.369
e 6%~ =4
log (6™
(x—1)log(6
xlog(6)—log(6
xlog(6)—xlog(4

x[log(6)—log(4)]=1lo

||
A
IS
<
~——

= xlog

SN
~—

)=lo
)=xlog(4)
)
)=

6)

0g (6)
9(6)

log(6)

~log (6)—log (4)
X =4.41902...
X~ 4.419
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53X+2_4X:0

53>(+2 — 4X

|Og (53x+2

9(4)

(3x+2)log(5) = xlog(4

)
xlog(4)
—2log(5)
x| 3log(5)-log(4)]=-2log(5)

—2log(5)

)=lo
(5)
3xlog(5)+2log(5) =
(4)=

3xlog(5)—xlog (4

- 3log(5)—log(4)

x =-0.93517...
X~ —-0.935

Question 5
a pr-l=px+l
log(5"*) =log(2"*)
(x-1)log(5) = (x+1)log(2)
xlog (5) - log (5) = xlog (2) + log (2)
x(log(5) - log(2)) = log (2) + log (5)

_ log(2)+log(5)
log(5)—log(2)

X =2.5129...

X~ 2.513
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b g¥*3=7H-t
log (9”**) =log (7°*)
(2x+3)log(9) = (5x—1)log (7)
2xlog (9)+3log(9) = 5xlog (7) - log(7)
x(2log(9)-5log(7))=—log(7)-3log(9)

‘o —log(7)-3log(9)
2log(9)-5log(7)

X =1.60026...

X ~1.600
c  1o%x+3=gx-l

log (12%*) = log (8¥*)

(2x+3)log(12) = (3x—1)log(8)
(8)log(8)
(

x(2log(12)-3log(8)) =—log(8)-3log(12)

2xlog(12)+3log(12) =3xlog

_ —log(8)-3log(12)
~ 2log(12)-3log(8)

X =7.51602...
X =~ 7.516
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d 62X+5:113X—2

log (67*) = log (11%°%)

(2x+5)log (6) = (3x—2) log (11)
2xlog(6)+5log(6)=3xlog(11)-2log(11)
x(2log(6)—3log(11))=-2log(11)-5log(6)

_ —2log(11)-5log(6)
- 2log(6)—3log(11)

X =3.80995...
X ~3.810

e 7*-logxrl=g
701 _ g2
log (7“) =log (52”1)
(x—-1)log(7)=(2x+1)log(5)
xlog(7)-1log(7)=2xlog(5)+log(5)
x(log(7)-2log(5)) = log(5)+log(7)

- log(5)+log(7)
log(7)-2log(5)

X =-2.79296...

X~-2.793
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f 212+1 - 15%-1=
log (21°***) =log (15*)
(2x+1)log(21) = (3x—1)log (15)
2xlog(21)+log(21) = 3xlog (15) - log (15)
x(2log(21)-3log(15)) = —log(15)-log (21)

_ —log(15)-log(21)
. 2log(21)-3log (15)

X =2.8266...
X~ 2.827
Question 6
a =17

(2.5789,17)
£1(x)=2%

o

X~ 2.579
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(2.45943,11)

.
[

X = 2.459

c  9%*l=g5

(0.255484,85)

X = 0.255

d 4x5%*3=14

(-

o
]
o

161, 14)

———
w |~

X~ —2.222

© Cengage Learning Australia Pty Ltd 2018

30



e 7x4-1_5=0

Tx 4 =5

X~ 0.757
f 7X62X+3—9:O

7X62X+3 — 9

X = -1.430
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Question 7
a 64 x 1673 = 16%4
43 X42(—3x) _ 42(3x—4)

43x 475 =4 x 478

43 46X
46X = 48

411 — 412)(
12x=11
11
X==
12

b 243"*2xg"-3=9
8(m+2) | 32(2m-3) _ g2

35m ><310 % 34m X3_6 — 32

39m % 34 — 32
39m — 3—2
Im=-2
2
m=——
9
c 813n+2 _ aln
243"
34(3n+2) ~ 34_n
3—5n

318n 3—4
18n=-4
2
n=——
9
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d

e

162k—3 X 4—2k+1 =32

42(26-3) g2k _ o 22

1
A% x 470 x 47 x 4 = 42 x 42

5

42

42k :F

15

42k _4?

k=1

2
k=12_33
4 4

63b X 6—b = 6—2b +1

6 %x6"=6*x6

6% =67 x6
2b
6—2b =6
6
64b — 61
4h =1
b=
4

3—2X+3 X 3—2X—5 = 3—X—1
3% P %3 x3°=3"x3"
3 x32=3*x3"

3—3)( — 31

-3x=1
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Question 8

22m—2_2m—2 = 3

22x2Mx272_2"x2?%=3
2”‘(20—2-2):3

2m><§=3
4

2" =4
2m:22

m=2

Question 9

Xx— 10X +21=0

12 1
(XZJ -10xx%2+21=0
1
Leta = x?
a’-10a+21=0
(a—7)(a-3)=0

a=7 or a=3

1 1
X2=70r x2=3

Xx=49 or x=9
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Question 10

sa-b= L gaeb g5

625
10%-%a =001 < 10 %=10"

s.2a—b=-4and2b-6a=-2

4a-2b=-8 [1]
~6a+2b=-2 [2]
[1]+[2]
—2a=-10
a=>5
20-2b=-8
—2b=-28
b=14
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Exercise 1.03 Logarithmic graphs

Question 1
a b=5

y =log,(x)+5
b b=-3

y =log, (x)-3

2

c bh=2

y =log,(x)+2
d b=-7

y =logys(x) -7
Question 2
a c=5

y =log, (X +5)
b c=-3

y =log,,(x-3)
c c=2

y= Iogl(x+2)

8

d c=—7

y =log,(x=7)
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Question 3
a y=1logz (x) + 3
a=2,s0a>1
b =3, log,(x) is translated 3 units up.

Zero=a"

-3

N

O |k

=0.125

The graph passes through (0.125, 0).
The graph passes through (1, b).
(1,b)=(1,3)
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b y =1logos (X) — 2

a=05s00<axl

b =-2, log,;(x) is translated 2 units down.

Zero=a™"

=05

=0.25
The graph passes through (0.25, 0).
The graph passes through (1, b).
(1,b)=(1,-2)

i
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C y=logs (x) - 1

a=5s0a>1

b =-1, log,(x) is translated 1 units down.

Zero=a™"

The graph passes through (5, 0).
The graph passes through (1, b).
(1,b)=(1-1)

K
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d y =1logos (X) +3

a=0.8,s0 0<axl

b =3, log,s(x) is translated 3 units up.

Zero=a™"
=0.87
=1.953125...
~1.95

The graph passes through (1.95, 0).
The graph passes through (1, b).
(1,b)=(1,3)

..Ij L
¥ = |-|:_' alrl+3

wi(l, 3)

- e -

(195, 0)
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e y =logs (x) + 2

a=3,s0a>1

b =2, log,(x) is translated 2 units up.

Zero=a™"

-2

w

1

9
~0.111
The graph passes through (0.111, 0).
The graph passes through (1, b).
(1,b)=(1,2)

fo1L, o)
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f y =10goas (X) — 1

a=0.25s00<ax<l

b =-1, log,,s(x) is translated 1 units down.

Zero=a™"

=025

=0.25
The graph passes through (0.25, 0).
The graph passes through (1, b).
(1,b)=(1,-1)

i

\ (0.25.0)

\-\.

(L,-I) 77—
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Question 4
a y=1logs (x + 2)
a=3,s0a>1
c =2, log,(x) is translated 2 units to the left.
Zero=1-c
=1-2
=-1
The graph passes through (-1, 0).
3'=3,50
log, (3) =1
X+2=3
x=1
The graph passes through (1, 1).

Vertical asymptote is at x = -2.

-
(1, 1)

1|0
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b y =logos (X — 2)
a=05s00<ax<l
c=-2, log,(x) is translated 2 units to the right.
Zero=1-c
-1-(-2)
=3
The graph passes through (3, 0).
(05)"=2,s0

log,s (2) =-1

X—2=2

Xx=4
The graph passes through (4, -1).

Vertical asymptote is at x = 2.
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c y =10go.2s (X + 3)
a=0.25s00<ax<l
¢ =3, log,,(x) is translated 3 units to the left.
Zero=1-c
=1-3
=-2
The graph passes through (-2, 0).
(0.25)" =4, s0
log,,5(4)=-1
X+3=4
x=1
The graph passes through (1, —-1).

Vertical asymptote is at x = -3.

—.—
(l,-1) I—
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d y =logs (x +1)
a=5s0a>1
c =1, log,(x) is translated 1 unit to the left.
Zero=1-c
=1-1
=0
The graph passes through (0, 0).
5'=5,50
log (5) =1
X+1=5
X=4
The graph passes through (4, 1).

Vertical asymptote is at x = —1.

.--".- T
4 1)

K (0, 0
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e y=1logs (x —4)
a=4,s0 a>1
c =—4, log,(x) is translated 4 units to the right.
Zero=1-c
~1-(-4)
=5
The graph passes through (5, 0).
4 =450
log, (4)=1
X—4=4
x=8
The graph passes through (8, 1).

Vertical asymptote is at x = 4.
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f y =logos (X + 2)
a=0.6,s0 0<ax<l
c =2, log,s(x) is translated 2 units to the left.
Zero=1-c
=1-2
=-1
The graph passes through (-1, 0).

Choose y = 3 to find another point.

-3
(06)" = 4.629...
~4.63
log, (4.63)=-3
X+2=4.63
X=2.63
The graph passes through (2.63, —3).

Vertical asymptote is at x = —2.
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Question 5
a y=logo(x+2)-1
a=2,s0a>1
b=-1, log,(x ). is translated 1 unit down.
c =2, log,(x) is translated 2 units to the left.
x-intercept, lety =0
0=log, (x+2)-1
1=log,(x+2)
2 =(x+2)
x=0
..graph passes through (0, 0).
Letx=6
y =log,(8)-1
=3-1
=2
..graph passes through (6, 2).

Vertical asymptote is at x = —2.

v — 7 L
A== 6, 1
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b y=logos (x—2) +2
a=05s00<ax<l
b =2, log,:(x) is translated 2 units up.
¢ =-2, log,(x) is translated 2 units to the right.
..graph passes through (3, 2).
x-intercept, lety =0
0=log,s(x—2)+2
-2=log,;(x—-2)
(05)° =(x-2)
X—2=4
X=6
.".graph passes through (6, 0).
Letx =10
y =log,s(8)+2
=10g,5(0.5) " +2
=-3+2
=1
..graph passes through (10, -1).
Vertical asymptote is at x = 2.

¥i
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C y=logs (x-1) +2
a=3,s0 a>1
b =2, log,(x) is translated 2 units up.
¢ =-1, log,(x) is translated 1 unit to the right.
x-intercept, lety =0
0=log,(x-1)+2
-2 =log,(x-1)
32 =(x-1

10
9
Xx=1.11
..graph passes through (1.11, 0).
Letx =10
y =log,(9)+2
=log, 3’ +2
=2+2
=4
..graph passes through (10, 4).

Vertical asymptote is at x = 1.

3
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d y=logs (x+2) +1
a=5s0a>1
b =1, log,(x) is translated 1 unit up.
c =2, log,(x) istranslated 2 units to the left.
x-intercept, lety =0
0=log;(x+2)+1

—-1=1log,(x+2)

5'=(x+2)
x+2:%

9
X:__
5

x=-1.8
..graph passes through (-1.8, 0).
Letx=3
y =log, (5)+1
=1+1
=2
..graph passes through (3, 2).

Vertical asymptote is at x = —2.

(=18, *
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Question 6

y = logz (8x)

y =log, (8)+log, (x)
y:Iogz(23)+Iogz(x)
y =3log, (2)+log, (x)
y =3+log, (x)

~.A vertical translation of 3 units up maps y = log, (x) toy = logz (8).

Question 7
y = logs (x)
log(x)
IOgS(X):Iog(B)
log(x)
IOgg(X):Iog(g)
=Iog(x)
log(3°)
_ log(x)
~ 2log(3)

= log, (x) = 2log, (x)

..A vertical dilation with dilation factor of 2.
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Exercise 1.04 Logarithmic equations

Question 1
a logs (7x + 3) = logs (bx + 9)
(7x+3)=(5x +9)
2Xx=6
X=3
Check: Letx =3
log, (21+3) = log (15+9)
log; (24) = log, (24)
~.X =3 isasolution.
b logs (x) + logs (x + 6) = logs (5x + 12)
log, (X(x+6))=log, (5x+12)
X? +6X =5x+12
x*+x-12=0
(x+4)(x-3)=0
X=-40rx=3
Check: Let x = -4
log, (—4)+log, (—4+6) = log, (—20+12)
X = -4 gives a negative number in the logarithms, so x = —4 is not a solution.
Check: Letx =3
log, (3)+log, (3+6) = log, (15+12)
log, (3x9) = log, (27)

log, (27) = log, (27)

. X =3 is asolution.
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c

SX=

log (x—2) —log (2x - 3) = log (2)

Iog(%]zlog(z)
(x—2)=2(2x-3)
X—2=4x-6
3x=4

I [
°°||—\‘oo\|\3

=log(2)

log(2) = log(2)

is a solution.

w| s
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logs [(x — 2)(x + 3)] = logs (14)
(x—2)(x+3)=14
X’ +Xx-6=14
X +x-20=0
(x+5)(x-4)=0
X=-50rx=4
Check: Letx =-5
log, (—7x-2) =log, (14)
log, (14) = log, (14)
Check: Letx =4
log, (2x7) =log, (14)
log, (14) = log, (14)

.. X=-=5and x =4 are solutions.
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loge (2x +1) = logs (x + 2) — loge (3)

log, (2x+1) = log, (%2)

2x+1=i2
3

6X+3=x+2

Check: Let x = —%

log, (—

log (Ej—log gxlj
°\5 °\5 3

lo g—Io §
965_965

1. )
= T is a solution.

+1j= log, 2

aglnN
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f

log7 (x + 4) + log7 (X — 2) = log7 (4x)

log, ((x+4)(x-2)) =log, (4x)

x> +2Xx—8=4x

x> —2x-8=0
(x—4)(x-2)=0
X=40rx=2

Check: Letx =4
log, (8)+log, (2) =log, (4x4)
log, (8% 2) =log, (16)
log, (16) = log, (16)
~.X=41s asolution
Check: Letx =2
log, (6)+log, (0) = log, (4x2)
log, (6x0) =log, (8)
log, (0) = log;, (8)

log, (0) is undefined, ..x = 2 is not a solution.
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g log (3x +5) =log (7x - 12)
3X+5=7x-12
—4x=-17

_ur
4

X

Check: Let x = %

log (3x£+5j = Iog(7x£—12j
4 4

22

17 . )
SX= " is a solution.

h logz (3x + 2) = logz (x — 2)

3X+2=x-2

2x=-4

X=-2

Check: Letx =-2
LHS = logz (3 x -2 + 2) = logz (—4)
RHS =log: (-2 - 2) = log: (-4)
So LHS = RHS, but both undefined.

So no solution.
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i logs (2X) + logs (4) = logs (x + 12) — loge (2)

log, (2xx 4) = IogB(XHZJ

_X+12
2

16x=x+12

8x

15x =12

12 4
X=—=
15 5

Check: Let x = %

log, (2x%x4j = log,

log 32 =log %xl
°\5 ° 2

lo g—lo 32
9|5 )=1%%| 5

is a solution.

SX=

(SN
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] logs (2x + 1) + logs (2x — 1) =3 logs (3)
log, (2x+1)(2x—1) = log, (3°)
log, (4x* 1) =log, (27)
4x* -1=27

4x* =28

Check: Let x = —+/7
Iogg(2x—ﬁ+1)+logg(2x—ﬁ—1) =3log, (3)
log, (—4.29) +log, (—6.29) = 3log, (3)
Log of negative number is undefined, ..x = —/7 is not a solution.
Check: Letx = /7
Iogs(Zx«/_+1)+Iogs(2><\/7 1)
Iogg[(zxf+1 2><f )}

log, (4x7-1

)=1
log, (27) =1 (27)

3log, (3

|| ||
/—\

N
- \_‘i

SX = ﬁ is a solution.
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Question 2
a logo (Bx +7) =5
log, (5x+7)=5log, (2)
log, (5x+7) =log, (2°)
5x+7=32
5x=25
X=5
Check: Letx =5

log, (5x5+7)=5

-.X=51is asolution.
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log(4x-1)=3
log(4x—1)=3log(10)
log (4x-1) =log(10°)
4x-1=1000
4x =1001
X =250.25

Check: Let x = 250.25
log(4x250.25-1) =3
log (1000) =3

log (10°)
)

3log (10

5

=3
3=3

. X =250.25 is a solution.
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logs (5% — 11) = 2
log, (5x—11) = 2log, (3)
log, (5x—11) = log, (3*)
5x—-11=9
5x =20
Xx=4
Check: Letx =4
log, (5x4-11)=2
log, (9
log, (3°)
2log,(3)

2

2

2

2=2

. X=4is asolution.
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logs (4x +11) =2
log (4x+11) = 2log; (5)
Iogs(4x-+11):logS(52)
4x+11=25
4x =14

X=—
2

Check: Let x = %

Il
N

Iogs(4>< +11

2

log, (25)
log, (5°)
)

2log; (5

2

2

2=2

..X = — is asolution.

N |~
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logs (9x +2) =4
log, (9x+2) =4log, (3)
log, (9x+2) = log, (3*)
O9x+2=81
9x =79

Check: Let x =

4

Iogs(Qx—+2

log, (79+2)

log, (81)=4

log, (3*)=4
4=

4

4

79 . )
X = ry is a solution.
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f logs (4x-9) =3
log, (4x—9) =3log, (3)
log, (4x—9) =log, (3°)
4x -9 =27
4x =36
X=9
Check: Letx =9

log, (4x9-9)=3

. X=9is asolution.
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g logs (3x +11) =4
log, (3x+11) =4log; (3)

log, (3x+11) = Iog3(34)

3x+11=81
3x=70
X:E:ZZ%l
3 3
Check: Let x = ?

70 . .
SX = ? is a solution.
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h log7 (6x—-5) =2
log, (6x—5)=2log, (7)
log, (6x-5) =log, (7°)
6x—-5=49
6Xx =54
X=9
Check: Letx=9

log, (6x9-5)=2

. X=9is asolution.
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i logs (x> —6x) = 3
log, (x* - 6x) =3log, (3)
log, (x* - 6x) = log, (3°)
x> —6x =27
X —6x—27=0
(x-9)(x+3)=0
X=90rx=-3

Check: Letx=9

~.X=9is asolution.

Check: Letx =-3

log, (( )
)

log, (27

3

3

3

log, (3°)
)

3log,(3)=3

3=3

. X =-=31is asolution.
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Question 3

a logz (x +5) —logz (2x-1) =5

X+5
lo =5log, 2
0,15 -5,

X+5 5
Ing[zx—l)ZIng(z)
X+5

2x-1
X+5=232(2x-1)

32

X+5=64x-32
63x =37

37
X="—
63

Check: Let x = 3—7
63

log g+5 =5
2 2><3—7—1
63
log, (32) =5
log, (2°)=5
5log, (2)=5

37 . )
..X= — is asolution.
63
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b

2 1ogs () — 1 =logs (2x — 3)
2log, (x)—log, 3 =log, (2x—3)

log, (x*)-log, 3= log, (2x—3)

X2
log, (?j =log, (2x-3)

Check: Letx =3
2log, (3)-1=log, (6-3)
2log, (3)-1=log,(3)
2x1-1=1
1=1

.. X =3 is asolution.
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c

logs (4x —2) —logs (3x +1) =5
4x -2

| =5l 4

094(3)(_’_1} og, (4)

log, (2);—;3 =log, (4°)

4x -2
3x+1

4x—2=1024(3x+1)

=1024

-3068x =1026
L 1026 B 513
3068 1534
Check: Let x = —ﬂ
1534

513 513
log,| 4x————2|-log,| 3x———+1|=5
94[ 1534 j 94( 1534 j
og 120 —log _> =5
‘{1534 “\ 1534 )

Log of a negative number is undefined.

513 . .
X = ———— is not a solution.

..No solution possible.
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d

logo (x+1)—log2 (x—4) =3

log, [ (:+1) J =3log, 2

(x-4)
,ng[( )

x+1
x—4)

J:Iogz(Zg)

(x+1)
(4)

X+1=8(x—4)

—

=8

X+1=8x-32
7Xx =33

33
X="—
7

Check: Let x = ?

Iog2(§+1j Iogz(——4j:3
Iogz( j Iogz(gj:3
log, (8) =3
log, (2°)=3
3log, (2)=3
3=3
33
SX = 7IS&SO|U'[IOI’]
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e logz (x) +log2 (2 —2x) =—
log, (x)+log, (2—2x)=-log, (2)

log, (x(2-2x))=log, (2‘1)
2X —2X? _1
Ax* —4x+1=0
(2x—1)2 =0

1

X=—

2

Check: Let x =

(gl

log, (27)+log, (1

-1+0=-1

N |-

~1=-1

is a solution.

><
Nll—\
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f

logs (x) +logs (2x+1)=1
log, (x)+log, (2x+1)=log,(3)
log, (x(2x+1)) = log, (3)

2X* +x=3

2x* +x-3=0

(2x+3)(x-1)=0

x:—éorx:l
2

Check: Let x = —g

3 3
log, (—EJJF log, (ZX_EHJ =1

Log of a negative number is undefined.

3. .
..X = —— is not a solution.

Check: Letx=1

log, (1)+log, (2x1+1)=1
0+1=1
1=1

~.x=11is asolution.
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g logs (X) +logs (X +5) =2
log, (x(x+5))=2log, (6)
log, (x* +5x) = log, (67)
x> +5x =36
x> +5x-36=0
(x+9)(x-4)=0
X=-90rx=4
Check: Letx = —9

logs (-9)+log, (-9+5) =2

Log of a negative number is undefined.

. X = =9 is not a solution.
Check: Letx=4

log, (4)+log, (4+5)=2

2

log, (36)
log, (67)
)

2log, (6

2

2
2=2

~.X =4 1is asolution.
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logz (2x + 12) — logz (3%) = 2

j:ZIogz(z)

log, ( )= Iogz(22)

2x+12 B
3x

2X+12=12x

(2x+12
log,

4

10x =12

Check: Let x = g

6 6
log, [2><g+12]—log2 (ng =2

72 18
|092 (?j— |092 (E = 2

Iogz(2+§ =2

5 5

..X = — is a solution.

gl o
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logs (2x—3) —logs (x +2) =1

Check: Let x = —1—21

11 11
Iog4(2x—3—3j—log4[—?+2j:1

Iog4(—8)—I094(—gj:1

Log of a negative number is undefined.

1 . )
SX= ) is not a solution.

..No solution possible.
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logs (x) —logs (x —1)=2
X
X 2
Iogs(mJ = log, (3*)

Check: Let x =

9 9
log,| = [-log,| =—1|=2
93[8j 93(8
9 1
log,| = [-log.| = |=2
0 (2)-tn,

© | ©

9 . )
SX = § is a solution.
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Question 4
a logs (x) +10gs (x—9) =2
log, (x(x—9))=2log, (6)
log, (x* —9x) = log, (6°)
x* —9x =36
x*-9x-36=0
(x-12)(x+3)=0
X=-30rx=12
Check: Letx = -3

logs (—3)+logs (—3-9)=2

Log of a negative number is undefined.

..X = =3 is not a solution.
Check: Letx =12

log, (12)+logs (12-9)=2

. X =12 is a solution.
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b logs (X) +logs (x—12) =3
log, (x(x—12)) =3log, (4)
log, (X* —12x) = log, (4°)
x> —12x = 64
x*—12x-64=0
(x—16)(x+4)=0
Xx=-4=16
Check: Letx = —4

log, (—4)+log, (—4-12)=3

Log of a negative number is undefined.

~.X= —4 is not a solution.

Check: Let x = 16

log, (16)+log, (16 -12) =3
log, (47)+log, (4)=3

2log, (4)+log,(4)=3
2+1=3
3=3

-.Xx =16 is a solution.
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C logs (x) +logs (x —1)=1
log, (x(x—1)) =log, (6)
log, (x* - x) = log, (6)
X*—Xx=6
x*—x-6=0
(x+2)(x-3)=0
X=-20rx=3
Check: Letx = -2
log, (—2)+log, (—2-1)=1
Log of a negative number is undefined.

..X = =2 is not a solution.

Check: Letx =3
log, (3)+log, (3—-1) =1

log (6)
1

1

1

X =3 is asolution.
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logs (X2 — 2x) = logs (5% — 12)

X? —2x =5x-12
X —7x+12=0
(x—3)(x—4)=0
Xx=30rx=4

Check: Letx =3

log, (3° —2x3) =log, (5x3-12)
log, (3) = log; (3)

~.x =3 s asolution.

Check: Letx =4
log, (4° —2x4) =log, (5x4-12)
log, (8) = log, (8)

- X =4 is asolution.

© Cengage Learning Australia Pty Ltd 2018

84



e logz (6x) — logz (4 — x) = log7 (3)

log, (%j =log;, (3)

Check: Let x = %

log, (6 x%j —log, (4 —%) =log;, (3)
log, (8)—log, (g} =log;, (3)
J

Iog7(8+% =log;, (3)
log, (3) = log, (3)
4 . .
~.X = — isasolution
3

f log (x) + log (x + 3) = log (5x)
log| x(x+3)]=log(5x)
X? +3X =5X
X?—2x=0
x(x-2)=0
x=0,2

But log (0) is not defined.
SOX =2
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g

logs (x — 1) + logs (x + 3) = logs (x* — 3x + 12)

log, [ (x—1)(x+3) ] =log, (x* -3x+12)
log, (X +2x—3) = log, (x* —3x+12)

X2 +2Xx—3=x?-3x+12
5x =15
Xx=3

Check: Letx =3

. X =3 is asolution
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h [logs (X)]2 =3 —2logs (X)
Let a=log, (x)
a’=3-2a
a’+2a-3=0

(a+3)(a-1)=0

a=-3ora=1
log, (x)=-3 log, (x)=1
x=3" x=3"
27
Check x =i
27

REEE

[Iog3 (3‘3)}2 =3-2log,(3°)

[3log, (3)] =3-2x-3log, (3)
9=3+6
9=9

1 . )
.. X= — isasolution.
27
Check: Letx =3

[10g,(3)] =3-2log, (3)
1=3-2
1-1

. X =3 is asolution.
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logs (2x) + logs (x + 2) = logs (6)
log, (2x(x+2)) = log; (6)
log, (2x° +2x) = log, (6)
2x* +2x=6
X*+x-6=0
(x+5)(x-1)=0
X=-50rx=1
Check: Letx =-5
log, (2x-5)+log, (-5+2)=1log;(6)
log, (—10)+log, (—3) = log; (6)
-.X=-51s not a solution.
Check: Letx =1
log, (2x1)+log, (1+2)=1log; (6)
log, (2)+log; (3) =log; (6)

log, (6) =log; (6)

~.x=11is asolution.
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logs (2) + logs (4x?) = 2
log, (2x4x* ) = 2log, (8)
log, (8x*) = log, (8°)
8x’ =64
x?-8=0
(x-2v2)(x+242)=
x =422

Check: Let x = —ZJE

log, (2)+ Iogs(4x f)
log, (2) +log, (32)

log, (64)

log, (8°)

2log, (8)

2

2

2

2

2

2=2
.:x:—2J§isasowﬁon

Check: Let x = ZJE

log, (2) + Iogg(4x 2\/_)2) 2
log, (2)+log, (32) =2
log, (64)
log, (8°)
)

2log, (8

2

2

2

2=2

SX = 2J§isasowﬁon
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Question 5
2102075) 4 2(x —5)-12=0
(x=5)+2(x-5)-12=0
3x—27=0

3x =27

X=9

Check: Letx =9
219:09 1 2(9-5)-12=0

2% L 2y 4_12-0

Iogz(Zz)

2% _4=0
2x 2" _4=0
2x2'—4=0

0=0

Question 6

logio (5 + X — 31) = x[1 - logio (2)]

log,, (5" +x—31) = X[ log,, (10)—log,, (2) |
log,, (5" +x—31) = xlog, (5)

log,, (5" +x—31) = log,, (5")

5*+x-31=5"
x=31
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Exercise 1.05 Applications of logarithmic functions

Question 1

M(x) = log (XAJ

M (x) - Iog(758x"j

Xo

=log(758)
=2.87966...
~2.9
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Question 2

L =10 log [L]
IO

Drill:

|

5=log (10" 1)
10° =101
| =107 W/m?

Compressor:

I
62 = 10log (10—”}

6.2=log(10"1)
1052 =10%|
| =107 W/m?

1078
1077

=15.8489...

~10%

~15.85

-.Compressor noise is 10** or approximately 15.85 W/ m? more intense than drill noise.
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Question 3

nt
FV = PV(1+Lj
n

FV =2PV

12t
2PV =PV (1+ Ej
12

12t
2= (1+ %j
12

log(2) = log (1.0083...)"™
log(2)=12tlog(1.0083...)

ot — log(1.0083...)
~ log(2)
12t =83.5237...
t = 6.9603...

t ~ 7 years
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Question 4

M(x) = log [ij
XO
8.3 =log (ij
XO

10°0 = X
XO
x =10%%x,
8.3
M (%) :Iog(4x10 xoj
XO
=log(4x10°°)
=8.90205...
~8.9

Chilean earthquake measured approximately 8.9 on the Richter scale.
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Question 5

M(x) = log [XLJ

Ecuador:

8.3 =log [xﬁJ
0

108.3 — ﬁ
XO

8.3
X, =107 X,

New Zealand:

7.1 =log (ﬁJ
XO

The earthquake in Ecuador is approximately 16 times greater.
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Question 6

Amp 1: 25 W/m?

25
L = 10log (10—12)

=133.9794...
~133.98

Amp 2: 500 W/m?

500
L = 10log (10—12)

=147.7815...
~147.78

Difference = 147.78 — 133.98 = 13.8 dB

Question 7

L=160dB 1=7

I

160 = 10log(10°1)
16 = log(10”1)
10" =101

| =10* W/m®
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Question 8

g 1200 (1
log2) | f,

f =275 f,=29.135

1200 (29.135j
= log

log(2) 27.5
=09.986...
~100

.. There are 100 ¢ between A and B flat.

b ¢ = ﬂmg i
log(2) f,

f, =261.63, f,=440

1200 440
¢ = lo ( j
log(2) 261.63
=899.97...
~ 900

.. There are 900 ¢ between middle C and A4.

c ¢ = 1200 log i
log(2) f,

f, =261.63, f,=587.33

1200 587.33
¢ = lo

“log(2) 1 261.63
=1399.972...
~1400

.. There are 1400 ¢ between middle C and C5.
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Question 9
pH = —log[H"]
pH=1.8,[H]="?

1.8=—log[ H" ]
1.8=|og([H*T)

108 = [H+ :I‘l

N 1
[H ] = 1048

=0.0158...

~0.016

Concentration of hydrogen ions is 0.016 mole/litre.

Question 10
a pH = —log[H"]

pH=0,[H]="?
0:—Iog[H+]
O:Iog([Hﬂ_l)
10°=[H"]"
S
[ ]_100
~1

Hydrogen ion concentration for battery acid is 1 mole/litre.
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b pH=3,[H]="7
3=—log|H" |
3:Iog([H*T)

10°=[H" "
oL
[H ]_103
=107

=0.001

Hydrogen ion concentration for vinegar is 10 or 0.001 mole/litre.

c pH=8,[H]=?
8:—Iog[H+]
8:Iog([H+T)

10°=[H']"
oL
[ ]_108
=10"°

Hydrogen ion concentration for baking soda is 10 mole/litre.

d  pH=11,[H]=?
11=—log| H" |
11=|og([H+]l)

104 =[H"]"
-1
[H :I_loll

10711

Hydrogen ion concentration for household ammonia is 10™
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Question 11

a Mercury: m =-2,1, =6.31

SN1006: m, =—7,1, =7

my —mz =-2.5log10 L]

—2—(-7)=-25log,, &)

5=-2.5log,, ﬂj
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b Mercury: m, =-2,1, =6.31

Proxima Centauri: m, =11,1, =?

—2-(11)=-2.5log,, (g]

2

-13=-25log,, ( 6i31J

2
5.2=log,, [g}

2

10%% = 6.31

|2

| _631

2 10%
|, =0.000 039 81...

~3.98x10°

Brightness of Proxima Centauri is approximately 0.000 0398 or 3.98x10.
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c Sun: m, =-27, Moon: m, =-13

iy

—27—(-13)=-2.5log,, '—J

N

-14=-2.5log,, LJ
|2
Il
5.6=1log,,| =
I2
5.6 Il
10 =—=

:—1:105'6 =398107

2

The Sun is approximately 398 107 (or about 400 000) times brighter than the Moon.
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Question 12

a When t =5750, N(t) = N,

N(t) = No x 2.72°¢

No

= Ny x 2,727

0.5=2.7277%
log(0.5) = log (2.72°"**)
log(0.5) =-5750k log (2.72)

5750k = 19(0:5)
log(2.72)

=-0.6927009...
k =0.000120471...

k ~0.0001205

b Skeleton loses 70% of carbon-14 atoms = skeleton has 30% left.

< N(t)=0.3N,
0.3N, = N, x 2 79-0.0001205t

0.3 = 2,7270-0001205¢
Iog (0.3) = |og (2_7270.00012051 )
log (0.3) = —0.0001205t log (2.72)

log(0.3)
—0.0001205t = ———+
log(2.72)

=-1.2032125...
t =9985.16612...
t ~ 9986

The skeleton is approximately 9986 years old.
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Question 13

a Q) =Qox25™
Initial amount occurs when t = 0.
Q) =Qox25™°
Q(t) = Qo x 2.5°
Q(t) = Qo

b When t =1000, Q(t) = %

% — QO x 2.5—n x 1000

0.5= 2.5
log (0.5) =log(2.5*")
log(0.5) =—1000nlog(2.5)

log(0.5)
log(2.5)

=-0.7564707...

—-1000n =

n=0.00075647...
n~0.00076

c Q() =45
Q(10) = 45x 2,507 x10
= 45 X 2.5—0.0076

=44.6877...
~44.7

In 10 years there would be 44.7 kg. .. The radioactive substance would decay.

45 —44.7 = 0.3 kg in 10 years.
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Question 14

a

P =6.9(1.011)"

2011 to 2045 = 34 years, ..t = 34.
P =6.9(1.011)

P =10.0089%4...

P~10.0

..Population in 2045 will be approximately 10.0 billion.

In2011t=0

P =6.9(1.011)°

P=6.9

Hence, letP =6.9 x 2=13.8
13.8 = 6.9(1.011)!

2 = (1.011)"

log(2) = log(1.011)"

log(2) =tlog(1.011)

_log(2)
~ log(1.011)

t =63.3593...
t ~ 64 years
(Need to round up to allow population to double.)

2011 + 64 = 2075

.. The population will double in 2075.
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Question 15

t
N =100 (2)®

Let N =300

t

300=100(2):s

L

3=(2)s
log(3) = log (Z)é
log(3) =1t—5log(2)

t_ log(3)
15 log(2)

L:l.58496...
15

t=23.7744...
t~24

There will be 300 bacteria after 24 hours.
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Chapter review

Question 1
a 2°=32
log2 (32) =5
2
b 64° =16

c 6*3 = i
216
|Og i — _
®\ 216
Question 2

a logz(81) =4

3*=81

1
b lo 5 ==
025 (5) 5

N

252 =5

C log (0.001)=-3

10 = 0,001
d  logs(32)= 2
3
S
85 =32
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Question 3

a log7 (1)
=log, (7°)
=01log, (7)
=0x1
=0

b log2 (0.25)

]

=log, (2%)
=-2log,(2)
=-2x1
=2

c 2 logs (6)
=2x1
=2

Question 4

a logs (27) + logs (9) — logs (81)
= log, (3°) +log, (3*) - log, (3*)
=3log, (3)+2log, (3)-4log, (3)

= log, (3)
=1
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b 2 loga (7) — 2 loga (28)

=log, (7°)-log, (28°)
49
-9 335

=log [ij
“\16

=log, (47)

d 490975
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Question 5
a logs (9%°)
= log, (9)+log, (x°)

log, (9)+3log; ()

3
b logs (?j

= log, (3)-log, ()

=log, (3)—4log, ()

m?(m—4)
c Iog{ (M3 }

[ ] Iog7[(m+3)2}
og, (m*)+log, (m—4)-2log, (m+3)

=2log, (m)+log, (m—4)-2log, (m+3)

3
d Ioge( X _y]
2Xy

:Ioge (X3 - Y) - IOge (ny)]

1
2

:i]oge (x*—y)—(log, (2)+log, (x)+ 'Ogs(y))]
2L
1
2

1og, (X* - y)~log, (2)~ log, (x) - logs (¥) ]
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Question 6

a 2 logs (x) + 5 logs (y)
=log, (x*)+log, (y°)
= Iogs (Xzys)

b 2 [log (m) + log (3 —=m) — log (2m® + 7)]
= 2{|og (m(33—_m)jj|
2m°+7
— log {—m(i_ m)}
2m’ +7
c %Iogs (17) - 3logs (x) — 4logs (y)

~ log, (17;} log, (x*)—logs (y*)

Question 7
logz (25)

_log 25
log7

~ 1.39794..,
0.84509...

=1.65417...
~1.6542
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Question 8

a log,, (60)

log,, (3x4x5)

log,, (3x2° x5)

log,, (3)+1log,, (2)+log,,5
=log,, (3)+2log,, (2)+log,, 5
=1.15+2x0.73+1.68

=4.29

=log,, (23)— log,, (3)-log,, (5)

=3log,, (2)-log,, (3)-log,, 5
=3x0.73-1.15-1.68
= -0.64

i

= Iogm Y

1
=log, 22]—Iogm(3)

:%Iogm (2)-log, (3)

= £x0.73—1.15
2

=-0.785
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Question 9
a 4 -1=64
4X71 :43
x-1=3
X=4
b 32X—4: 92—X
324 :32(24)
2X—4=4-2x
4x=8

X=2

@)
2(5-9x)=-3(x-2)
10-18x=-3x+6

—15x = —4
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Question 10
a 52X _ 24 x 5* =25
Leta =5
(5) —24(5")=25
a’-24a=25
a’-24a-25=0
(a—25)(a+1)=0
a=25ora=-1
5¢=250r5"=-1
5% =5%0r no solution
X=2

b 2% -3 x2+2=0

Leta =2"
a’-3a+2=0
(a-1)(a-2)=0
a=lora=2
2" =1or2" =2

2% =2%r2"=2"

Xx=0o0rx=1
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Question 11

a  5%3=84

2X—3=2.75302...
2X =5.75302...
X =2.87651...

X~ 2.877

b 72x 3 _ 53x+ 1

Iog(72x 3) (53x+1)
)

(2x-3)log(7)=(3x+1)log(5)

(2x-3) log(5)
(3x+1) Iog( )
((i);j)) —0.827087...

2X—-3= O.827087...(3X +1)

2x—3=2.481262...x+0.827087...

0.481262...x =-3.827087...
X =-7.95219...
X~ —7.952
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Question 12

a 11¥+1=111

_2':::::::::: ...... _100.1 ................. )
1
X~ 0.321

b 5x7%-1-28=0

5 x 72%-1=28

(0.942663,28)
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Question 13
a y =logs (X) + 2
a=3,s0a>1

b =2, log,(x) is translated 2 units up.

Zero=a"

_1
9
0.111

The graph passes through (0.111, 0).
The graph passes through (1, b).
(1,b)=(12)

Ty
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b y =1logo2 (X) - 2
a=02,s00<axl

b =-2, log,,(x) is translated 2 units down.

Zero=a™"

=02

=0.04
The graph passes through (0.04, 0).
The graph passes through (1, b).
(1,b)=(1,-2)

¥y

(0.04, 0
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Question 14
a y=1logz (x + 3)
a=2,s0a>1
¢ =3, log,(x) is translated 3 units to the left.
Zero=1-c
=1-3
=2
The graph passes through (-2, 0).
2°=4,50
log, (4)=2
X+3=2
x=1
The graph passes through (1, 2).

Vertical asymptote is at x = -3.

r=-3 y=log (x+3
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b y =logos (X — 2)
a=0.6,s0 0<ax<l
¢ =-2, log,(x) is translated 2 units to the right.
Zero=1-c
=1-(-2)
=3
The graph passes through (3, 0).

(0.6)** =5, s0

log,, (5)=-3.15
X—2=5
x=7

The graph passes through (7, —3.15).

Vertical asymptote is at x = 2.
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Question 15

a logz (5x) = logz (2x + 9)
5X=2Xx+9
3x=9
X=3
Check: Letx =3
log, (5x3)=log, (2x3+9)
log, (15) = log, (15)
~.x =3 s asolution.
b logs (4m — 5) = logs (2m — 1)
dm-5=2m-1
2m=4
m=2
Check: Letm =2
log, (4x2—-5)=log, (2x2-1)

log, (3) =log, (3)

..m =2 is asolution.
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c logs (16 + 2k) = logs (k? — 4K)
16+ 2k =k* —4k

k? -6k -16=0
(k-8)(k+2)=0

k=8ork=-2
Check: Letk = -2

log, (16+2x-2) =log, ((~2)° ~4x(-2))
log, (16 —4) = log, (4+8)
log,(12) = log,(12)

..k =-21s asolution.

Check: Letk =8

log, (16 +2x8) = log, (8)’ ~4x(8))
log, (16+16) = log, (64 —32)
log, (32) = log, (32)

..k =8 is asolution.
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d log, (2p)+log, (p+2)=log, (6)

log, (2p)+log, (p+2)=1log,(6)
log, (2p(p+2))=log, (6)
2p*+4p=6
2p*+4p-6=0
p°+2p-3=0
(P+3)(p-1)=
p=-3orp=1
Check: Letp=-3
log, (2x—3)+log, (-3+2)=log, (6)
log, (-6) +log, (1) = log, (6)

Log of negative undefined .. p = -3 is not a solution.

Check: Letp=1

log, (2x1)+log, (1+2) = log, (6)
l0g, (2) +log, (3) = log, (6)

log, (2x3)=log, (6)

log, (6) = log, (6)

-.p = lisasolution.
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Question 16
a log2 (5w +6) =4
5w+6=2"=16
Sw=10
w=2
Check: Letw =2
log, (5%2+6)=4
log, (16) =4
log, (2*)=4
4log,(2)=4
4=4

W =2 is asolution.

© Cengage Learning Australia Pty Ltd 2018

124



b logs (v) +logs (v—6)=3
log, (v)+log, (v—6)=3log,(3)
log, (v(v-6))=1log,(3°)
V2 —6v =27
VZ—6v-27=0
(v+3)(v-9)=0
v=-30rv=9
Check: Letv = -3
log, (—3)+log, (-3-6)=3
log, (—3)+log, (-9)=3
Log of negative undefined ... v =-3is not a solution.
Check: Letv=9
log,(9)+log,(9-6)=3
log, (32)+ log,(3)=3
2x1+1=3
3=3

.V =9 is asolution.
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C logo (m+1)-logo(m—-4)=3

log, (m+1)—log, (m-4)=3log, (2)

Iogz[rr::lljz log, (2°)

m+1:8
m-—4
m+1=8(m-4)
m+1=8m-32
7m=33
_33_45
7 7

Check: Letm= —

33 33
log,| —+1|-log,| ——4 |=3
92[7 j 92(7

33 . .
S.m= 7 is a solution.
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d logiz (x) + logrz (x — 1) =1
log,, (x)+log,, (x—1) =log,, (12)
log,, (x(x-1))=log,, (12)
X —x=12
X*—x-12=0
(x—4)(x+3)=0
X=40rx=-3
Check: Letx = -3
log,, (-3)+log,, (-3-1)=1

log,, (-3)+log,, (—4) =3

Log of negative undefined .. x = -3 is not a solution.

Check: Letx =4

log,, (4)+log,, (4-1)=1

log,, (4x3)

log,, =1

1

1=1

. X=4is asolution.
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Question 17
3tTNT < M=35 .-.10"" =10*°*3° =10°%
Xt TNT < M=9.1 ..10"" =101 =10

X B 1013.65 :1 6s

3000 10°%
X =3000x10%t

=753565929.5t
=753.565 929 5 Mt

~ 754 Mt

Question 18

L =10 log [L]
I0

L = 10log (&j
10

P
L =10log(10* x10°)

L =10log(10*)

L =10x14log(10)

L =140

The loudness of the rock concert measures 140 dB.

. You will need ear plugs.
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Question 19

nt
FV = PV(1+Lj
n

PV =6500,r=0.08,n=12,t=7

12x7
PV =6500 (l+%j
12

PV = 6500(1.00666...)"
PV =11358.24333...
PV ~11358.24

nt
FV = PV(1+Lj
n

PV =6500, r=0.08, n =365,t=7

365x7
PV =6500 1+@
365

PV =6500(1.000219...)
PV =11378.67296...
PV ~11378.67

Extra money = $11 378.67 — $11 358.24 = $20.43 = $20.40
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Question 20

gb = 42a+3
() =(27)"

ot _ otass

3Bb=4a+6 [
logz (b) = logz (a) + 3
log, (b) = log, (a)+3log, (2)
log, (b) =log, (a)+log, (2°)
log, (b) = log, (8a)
b=8a [2]

Substitute [2] into [1]

3x8a=4a+6
24a=4a+6
20a=6

3
a=—

10
b=8><i =E=2Z

1 5 5
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Question 21
y=1logz (9x +20) - 1

:Iog39[x+%j—l

=log,(9)+log, (x+%)—1
20

=1 3%)+1 — -1
0g, (3% )+ ogs(x+ 5 J

:2Iog3(3)+logs(x+%j—l

:2+Iog3(x+%j—1

= Iogs(x+%)+l

.. Vertical translation of 1 unit up and horizontal translation of % units to the left.

Question 22

1
m = §+2I0g9(x)
2m = 1+4log, (x)

2m -1 = 4log, (x)

2m-1

= log, (X)
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Question 23
Let log, (81) =z
Lxt=81 [1]
m = logs (3x?)

- 3" =3x?

3m—1 — X2

() =)

m-1

3(2]=X [2]

Substitute [2] into [1].

{3@;)}2 -81
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