SADLER UNIT 4 MATHEMATICS
METHODS

WORKED SOLUTIONS

Chapter 1 Logarithmic functions

Exercise 1A

Question 1

2°=8

Question 2

77 =49

Question 3

1

492 =7

Question 4

10° =1000

Question 5

5* =625

Question 6

425 =32

Question 7

57 =0.04
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Question 8

37 =

O

Question 9

al =x

Question 10

b® =y

Question 11

xP =a

Question 12

=X

Question 13

3'=5

Question 14

2" =3

Question 15

x*=5

Question 16

3" =5

Question 17

log,64 =6
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Question 18

log,81=4

Question 19

log,81=2
Question 20

3
log, 27 =—
Je >

Question 21

log,05=-1

Question 22

log, 0.25=-2

Question 23

log100=2

Question 24

log0.01=-2

Question 25

log,r=q

Question 26

log, g =p

Question 27

log, y =X
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Question 28

log, =y

Question 29

log, 4=k

Question 30

log,3=y

Question 31

log,7=p

Question 32

log, x=y

Question 33
8> =64

52
Question 34
2" =128

=7
Question 35

10* =10 000
-4
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Question 36

3 =243
=5

Question 37
-1
3) -
2
o1

Question 38

3

v~

Question 39

(i
216

=3

Question 40

Question 41
3 =9"°=243
.25
Question 42
10 =0.001

-3

Question 43

1
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Question 44
7°=1
=0

Question 45

a’=1

-0
Question 46

4* =32
22X — 25
x=25

Question 47

1

Question 48

3

Question 49

0.699

Question 50

1.398

Question 51

0.845
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Question 52

1.6902

Question 53

1.301

Question 54

1

Question 55

1.322

Question 56

1

Question 57
10°=b
a Cc can be negative.

b All powers of 10 are positive so b>0.
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Exercise 1B

Question 1

log(xz)

Question 2

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

Question 3

log x* +log y° = log(x*y?)
Question 4

2
log x> —log y = log (X—]
y

Question 5
%)
log| —
C

Question 6

34
loga®+logb* —logc? = Iog(aC? j

Question 7

logc® —logc® +loga = log(c®a)

Question 8

2+log x =10g100 + log x
=log(100x)
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Question 9
log1000 - (log xy) = log (@J
Xy
Question 10
log1000—log x + log y = log (@j

Question 11

Iogz (2_34j = |Og2 8

=3

Question 12

208
log, —— =log, 16
9% g9,

=4

Question 13

10*
log—— = log1000
970 7'

=3

Question 14

3+2-4=1

Question 15

45x 2°
20

|Og3 = |Qg3 9

=2
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Question 16

4
log. 4—1log. 6% —log.9=log.| ——
03 03 0 93[36X9j
=log (ij
*81
=4
Question 17
5
log—=10g0.1
950 g
=-1
Question 18

212
log, b+ log, (ab)’ - log, b° =log, (%]

=2

Question 19

log,b® 3log,b

2log,b 2log, b

Question 20

(log, (2*x3)~1l0g,3) log2* +log, 3 log, 3

log, 2 log, 2
4log, 2
B log, 2
=4
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Question 21

a log, 6 =log,(2x3)
=log, 2+log, 3
=p+q

b log, 18 = log, (3* < 2)
=log, 3 +log, 2
=2log,3+log, 2
=p+2q

c log, 12 = log, (2° x 3)
=log, 2° +log, 3
=2log, 2+log, 3

=2p+q

d IogaézlogaZ—logﬁ
=p-g

e log, (9a*) =log, 9+log, a*

=log, 3’ +log, a*
=2log, 3+4log, a
=2q+4

f Ioga(gjzloga2—2I09a3

=p-2q
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Question 22

a log, 49 = log, 7°
=2log, 7
=2a

b log, 28 = log, (2° x 7)

=log, 2° +log, 7
=2log, 2+log, 7
=a+2b

c log,1.75=log, (%]

=log, 7-2log, 2
=a-2b

d log. 50 = log, (5% x 2)
=log, 5° +log, 2
=2log 5+ log; 2

=b+2
e log, 490 = log, (2x 5% 77)
=log, 2+1log;5+2log, 7
=b+1+2a
=2a+b+1
f log. 700 = log, (7 x 5° x 2%)
=log, 7+2log, 5+ 2log, 2
=a+2b+2
Question 23
log, y = x
y=a'
Question 24
log, y =log, 2x
y =2X
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Question 25
log, y =log, x°
y=x
Question 26

log, y* = log, x*

y2:X3

y=x2

Question 27

log y = log ax
y=ax

Question 28

log, y =log, a* +log x

y = a’x

Question 29

log, y = log, x*

y=x*
1
y:_
X
Question 30

log, yx = log, a*

xy =a’
a2
y="—
X
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Question 31

a Initial, t =0.
S=75-35logl
=75-35x0
=75

b Whent =2,
S =75-35log(3)
=58

C Whent=4
S =75-35log(5)
=51

d 40=75-35(log(t +1))
35log(t+1) =35
log,,(t+1)=1

10=t+1
t=9
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Question 32

R= Iogl—
I0
a R = log 10001,
0
=10g1000
=3
b 54= IogmL
I0
54 _ |
107" =—
0
| =10°I,
c 1, =101,
1, =10°I,
.10 times
d l,,=10""1,
I, =10°1,
10771
105.9 IO :101-8 (z 63)
0
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Question 33

a Grapes pH =-log,, 0.0001

=—(-4)
=4

b Beer : —log,,(0.000 0316) = x
X =—(-4.5)
=45

C Urine: —log,,(0.000 000 25)
=—(-6.6)
=6.6

d Eggs:—log,,(0.000 000 016)
=78

e Blood : —log,,(0.000 000 042)
=74

5.25=—-log,,(X)
1
5.25= Iogm;

1055 = 1

X
X =0.000 005 623 41

.. 0.000 0056 moles/litre
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Question 34

L =10log,, (IL]
0

a 40 =1OIogm( ! J

IO

4:|0910L
Iy
.
10" =—
ly
| =10°1,
b 1071,
o
¢ Wy
10°1,
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Exercise 1C

Question 1

3=7
xlog3=1log7
X=Iog?
log3

Question 2

7% =1000
xlog 7 =10og1000
3
X=—
log7

Question 3

10" =27
xlog10=log 27
x =log 27
=3log3

Question 4

2" =11
xlog2=1logll
‘= logll
log 2

Question 5

3 =17
xlog3=1logl7
o logl7
log3
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Question 6

7"=80
xlog 7 =1log(8 x 10)
=log8+1log10
‘= log8+1
log7
_3log2+1
- log7

Question 7

5¢=21
xlog5=1log21
o log21
log5

Question 8

10 =15
xlog10 =log15
x =1log15

Question 9

2" =170
xlog2=1og7+logl0
X:1+Iog7

log 2

Question 10

(x+2)log6 =1logl7

oo logl7
log 6

‘= logl7 5
log6
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Question 11

(x+1)log3=1log(17 x 3)
_log17+log3
- log3
o logl7 +Ioi3_1
log3 log3
_logl7
~ log3

X+1

Question 12

(x=1)log8=1log7
=IOL7+1
log8
_ log7

3log 2

X

+1

Question 13

(x=1)log5=2xlog3
xlog5-1log5=2xlog3
xlog5-2xlog3=1log5
X(log5—-2log3) =log5
‘- log5
log5-2log3
log5

=

Question 14

(x+1)log2 =xlog3
log2 =xlog3—xlog2
_ log2
- log3—log?2
log 2

=
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Question 15

3xlog4 = (x+2)log5
3xlog4—xlog5=2log5
X(3log4—log5) =2log5
_ 2log5
_3Iog4—logS
_ 2log5

)

Question 16

(2x+1)log3=(3x—-1)log 2
2xlog3+log3=3xlog2-1log?2
2xlog3—-3xlog2=-log2-1log3
X(2log3-3log2) =—(log 2+ log 3)
_ (log2+1log3)
__2Iog3—3logz
___logb
Iog(gj
8

log 6

log 6

=

Question 17

5(2") =3-2"x4
9(2")=3

-1
3

1
xlog2 =log=
g 93

-1
‘o log3
log 2
__log3
log2
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Question 18

5% +4(5 x5)=63
5 +20(5") = 63
21(5*) = 63
5 =3
log3

Question 19

(2)? +3(2")-18=0
y>+3y-18=0
(y+6)(y—-3)=0

Ly=6 or y=-3

2" =-6 2" =+3
No such x X = Ioﬁ
log 2
Question 20

(2¥)? -8 x 2 +15=0
y* -8y +15=0
(y-5)(y-3)=3
Sy=9 or y=3
2" =5 2°=3
x:|095 or X:Iog3
log 2 log 2

© Cengage Learning Australia Pty Ltd 2019

22



Question 21

x=1log, 7

2" =7
log2* =log7
xlog2=1log7
log7

Question 22

log5
a IogSS:@
_log12
- log2
_ 2log2+log3
" log2
log3
log2

b log,12

=2+

log15

c log,15=
% log9

_log4
log9
~ 2log?2
~ 2log3
_log2
log3

d log, 4

log6.8
log2.5

e log,; 6.8=

log9

f log., 9=
Js. log5.4
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Question 23

T =T,(0.92)"
0.2T, =T,(0.92)"
0.2=0.92"

log0.2=nlog0.92

. log0.2

log 0.92

=19.3
.. Needs to pass 20 times.

Question 24

a Whent =3,
N =200(2.7)%*
=269.4
~ 270

b When t =5,
N =200(2.7)%°
=328.6
~ 329

o 1000 = 200(2.7)°"
5=2.7"
log5=0.1tlog 2.7
t=(log,,5)+0.1
=16.2
.. During day 17.

Question 25

R=2.8"
51=2.8**
log51=20alog2.8
_log51
N log2.8
a=0.191

20a
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Question 26

a

b

c

Whent =4,

N =100 000+150 000(1.1)*%®
=210 569
~ 211 000

Whent=8

N =100 000+150 000(1.1)**®
=181503
~182 000

135 000 =100 000+150 000(1.1) °*

35
2 @y
150 &Y

7
log| — |=-0.8tlog1.1
g(soj g

logl.1

t =19.086

Approximately 19 weeks after the campaign ceases.
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Question 27

P =10 000(1.08)"

a

When x =3, P =10 000(L.08)°
=$12597.12

When x =7, P =10 000(1.08)’
=$17138.24

50 000 =10 000(1.08)*
5=1.08"
log5=xlog1.08
o log5
log1.08
=209
- 21 years

i 50 000 =10 000(L.1)"
5=1.1"
x =16.89
. ~17 years

i 10 000 x 1.14° = 28 525.86

50 000 = 28 525.86 x 1.1*
0g [mj =xlogl.1
28 565.86
x=5.89
..~ 6 years
.. 14 years in total.

20 000 =10 000 x R®
2=R°
log2=>5logR

log2
logR=——
J 5

log R = 0.0602
- R=1.1487
- 14.9%
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Exercise 1D

Question 1

log.e=1

Question 2

log, (EJ =log, e
e

=-llog, e
=-1

Question 3
log, e° =3log, e

=3

Question 4

1

log, /e =log, e?

—ilog e
2 e

1
2

Question 5

1
3
Ine* =—log, e

Wl Wk

Question 6

1
5 1
Ine 2=—=1log, e
2 ge

1

2
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Question 7

Ine”® =-3log, e
=-3

Question 8

1
A 1
Ine *=-=log, e
3 ge

_1
3
Question 9
e><+1=7
Ine** =In7
(x+1)Ine=In7
x=In7-1
Question 10
eX+3 :50
Ine** =In50
(x+3)Ine=1In50
Xx=In50-3
Question 11
e** =100
(x=3)Ine=1In100
x=1In100+3
=2In10+3
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Question 12

e2x+l:15
(2x+1)Ine=1In15
2x=1In15-1
In15-1
X =
2

Question 13

5% =3000
e* ' =600
(3x—1)Ine =1In600
3x=1n600+1

In600+1
X=—
3

Question 14

4e*? +3e*** = 7000
7e*** =7000
e*? =1000
(x+2)Ine=1In1000
Xx=1n1000-2
=3In10-2

Question 15

y>—30y+200=0
(y—20)(y-10)=0
y=10 or y=20
e* =10 e =20
xlne=1In10 xIlne=1In20
x=1In10 x=1In20

© Cengage Learning Australia Pty Ltd 2019

29



Question 16

In2
log,2=—
9 In7

Question 17

~In21
"2
_In3+In7
~In2

log, 21

Question 18

In2®+1In5°
In3
_3In2+2In5

In3

log, (2%« 5%) =

Question 19

In5? +In2
In5
~ 2In5+1In2
- In5
In2
n

In5

log,(5°x 2) =

Question 20

In3?
log.9=———
9e IN2+1In3

_ 2In3
In2+1In3

Question 21

log, 6 = In2+In3
? 2In3
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Question 22

2In2+In3+2In5

lo 22><3>< 5)2 =
0a( 2In2
In3+2In5
=1+—
2In2
Question 23
2In2+In5+1In11
lo 22><5><11 =
9 ( ) 32
Question 24
A=2000e™"
A et
2000
Ini:—t
2000
t=-— ni
2000

A -1
=In| ——
(ZOOO]
(2000}
=In| ——
A
a When A =1500,
1500
=0.288

b When A =500,

2000
t=In [_j
500
=1.386

c When A =50,

2000
t=n( 2200]
50

=3.689
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Question 25

a 22 300 000e®%" =32 000 000

goon _ 320
223

0.02t=In (32()]
223

t=18.06
2010 + 18 ~ 2028

b 223e%% = 450

002t _ 4_50
223

0.02t =1In ( 450)
22

t=35.1
2010+35~ 2045

Question 26

a N ~5000e”*
80 000 = 5000e"**
16 — eO.55t
0.55t=1In16
t=5.04
~ 5 days

b 750 000 = 5000
150 — e0.55t
0.55t =In150
t=9.11
~ 9 days
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Exercise 1E

Question 1

a

The graph of y =log, (x+8) isy =log, x translated 8 units left.

log,(x+8) =0
2°=x+8
Xx=1-8
=-7
- (=7, 0)

y—int, x=0
log,8=3
~.(0,3)

Question 2

y=log, x
p’ =X
y=0, x=1
-1 0)

Question 3

1=log, x
a'=x
~ (@)
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Question 4

a y=log, x
P’ =x
p’ #0.

.. vertical asymptote at x =0, y-axis

b log,(x-3)=y  (y=log, x translated 3 units right)
p’ =x-3
p’+3=x
p’ #0=>x#3
. X =3 s a vertical asymptote

c y=log,x-3 (y=log, x translated down 3 units)
.. Vertical asymptote is x=0
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Question 5

(a) (c) ' (d) (b)

—0.5 1
—1.01
a X~ 2.2
b X~11.2
c x—5%%=0
X :50.8
log, x=0.8
X~3.6

d log,(x-1)=1.3

log, x=1.3
X~8.1
The graph of y =log.(x—-1) isy = log, x translated 1 unit right
~logg(x-1) =1.3
X~9.1
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log, x=1.5
x=5"
=11.180

X = 50.8
=3.624

log,(x-1)=1.3
59 =x-1

x=5+1
=9.103

Question 6
y =log, x is the middle graph as it passes through (1, 0)
Whenx=2, y=1

1=log,2..a=2

y =log,(x—b) has been translated 4 units right.
~b=4

y =log, x+c has been vertically translated 3 units up
..c=3
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Exercise 1F

Question 1

a N =-log,,(6.4x10°®)
=7.19

b 9.5=-log,,(2L)
= IOglO (2 I—)_l
1

109.5 -
2L

1
= 10°5
L=158x10"

2L

Question 2

1 (50)
=——xlog| —
log2 20
=1.32 octaves
b 3= ! x log L3
log 2 f,

3log2 =log [%j

1

log 2° = log (ij
fl
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Question 3

H =—
107

=10"" moles/L

b pH =—log[0.01]
-[2)

=2

Question 4
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©

=ef —e¥x X

~ X

X + xek = ¢

x(1+e*)=¢

ek

X=——
(1+€“)
Ask > 400, x >1
Ask — -0, x—>0

Question 5

See textbook for full answer.

Question 6

See textbook for full answer.
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Miscellaneous exercise one

Question 1

15x2

Question 2

di(x3 +X)=3x"+1
X

Question 3

(2x+5)x1—(x-3)x2
(2x+5)°

_ 2X+5-2x+6

~ (2x+5)?

on

 (2x+5)?

Question 4

4(x* +1)% x 3x*
=12x*(x* +1)°

Question 5

X

e

Question 6

2e*

Question 7

10e*

Question 8

e’ +6x+3x°
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Question 9

565X

Question 10

3x4e™* =12e%

Question 11

3x 262" = 692)(

Question 12

2x 383X +3x 2e2x
=6 +6e”
=6e**(e* +1)

Question 13

3 =81

Question 14

6° =216

Question 15

22=0.25

Question 16

a‘=b

Question 17

a =¢cC

Question 18

b =a
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Question 19

=a

Question 20
X =2
Question 21

log,8=3

Question 22

log, 25=2

Question 23

log,0.25=-1

Question 24

log, 0.125=-3

Question 25

log, y =x

Question 26

log, p=2
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Question 27

log,z=Yy

Question 28

log, x=Yy

Question 29

log, 2° =5log, 2
=5

Question 30

log, 5°

=3log. 5

=3

Question 31

log,,10=1

Question 32

log10°
=3log10
=3

Question 33

5+log,e
=5+1
=6
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Question 34
4-2lIne
=4-2

=2
Question 35

6Ine’®
=0.5x6

=3
Question 36

log, 2° +In(e™)
=3log,2-log, e
=3-1

=2

Question 37
log, a°

=0

Question 38

log, a
=1

Question 39

3log, a
=3

Question 40

|Oga a‘0.5
=05
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Question 41

Ine** =1n12
(x+1)Ine=1In12
x=In12-1

Question 42

Ine**? =1n25
(x+2)Ine=1In25
x=In25-2

Question 43

Ine*™* =1In150
(x=1Ine=1In150
x=In150+1

Question 44

Ine”* =In34
(2x+1)Ine=In34
2x=In34-1
In34-1
X =
2

Question 45

5e*" + 3¢ = 200
8e** =200
e =25
(x+1)Ine=1In25
x=In25-1
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Question 46

e —12e* =-35
(e¥)*—12e* +35=0

(e*—?)(e*—5)=o

e*=7 or e‘=5

Ine*=In7 Ine*=In5
x=In7 x=1In5

Question 47

log x* +log y

= log(x’y)

Question 48

log x* —log y*
XZ
-1 (y—]

Question 49

loga® +logh—logc®
a’b
o[ )

Question 50

1og1000 + log x
=1og(1000x)

Question 51

Ine? +1Inx
= In(xe?)
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Question 52

Ine* —Inx+Iny?
3,,2
e

—In| &Y
X

Question 53

P =Pe*"
5P, = Pe’"
5 — eO.lt
In5=Ine’"
=0.1tlne
In5=0.1t
(_Ins
0.1
~16.09 years

2010 + 16 ~ 2026
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Question 54

a v:J'adt
= jo.le"-“dt

=e* +c

Whent=0,v=0

0=e"+c
=1+c

c=-1

v=(e" -1 mfs

Whent =10

V= eo.1(10) -1
=(e'-1) m/s
=1.72 m/s

b X= Iv dt
= [(e** ~)dt
=10e*" —t+c

Whent=0,x=0
0=10e""*Y -0+c
c=-10

X = (10e’" =t —10) m

When t =10

X =10e*? ~10-10
=10e-20
=10(e-2) m
=7.18m

X(T +1)—x(T)

=10e* T —(T +1) -10— (10e**" —T —10)
=10e*"e* —T -1-10-10e*" +T +10
—10e%1Te%t —10e%T 1

=10e* (™ -1 -1 m
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d In the third second, T=2
10e**? (e —1)-1=0.285 m
e In the tenth second, T=9

10e%® (€% -1)-1=1.587 m
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