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2
15. f(x)= :—j = —1has holes when x=2,—2. Answer is a.

3x 2 2 2
342 Lt 34— 3+—

16. f(x)=2 3=2x . L=—2=15" Answerisc.
23 22 0 g4 42
X X X oo

17. To have a horizontal asymptote of y=0,n<m . Answer is d.

18. By definition, answer is c.

19. By definition, answer is c.

20. Symmetry about the y-axis requires an even power of x. ‘Answer is c.

21. The only function with a horizontal asymptote of y =—2 is a. Answer is a.

22, 23,24,25.1f h >0, graph in quadrant I, IV; if £ > 0, in quadrant I, II. If 2 >0, graph opens up; if &> 0, graph opens right.
22, Answerisd.

23. Answer is a.

24. Answer is c.

25. Answer is a.

26. By definition, answer is b.

-

27. Volume=x"y=30—y= g , Surface Areax® +4xy =x +4x-¥=x2 +@ . Answer is d.
x x x
28. Cost’/km = 0.20 + Rental Cost per x km = 0.20+ 2z Answer is d.
x
. b . 0)+b .
29. x-intercept: il 0oax+b=0—>x= —2; y-intercept: f(0)= gi)ts = L4 . Answeris b.
+d a c(0)y+d d
2 + 4 a+ b a+ b
ax+b _x " x x w at0 _a
30. Horizontal asymptote: f(x)= =X X X_ o =—
2 S cx+d cx d d- d c¢+0 ¢
—+= c+— c+—
X x x 00
Vertical asymptote: cx+d=0—>cx=-d > x= i . Answer is d.
c
Logarithms Solutions
5.1 Exercise Set
Lyl 5 g
5 S = 3
B 6) s, 1 (4?) (AT oy
1. a) = 5 = 3 = e——= — b) = =
9 3 3 27 x'y? xy 64x°
2 Ja=] | 25{ F- g (=11 g2 r) S'I.r 3 gl-dx . )
0 125 - _3 — 5_3 _ ““5'3 e Sy U
i 5 I (2v—3) 5
® - -
d) 2x4 '3SX et 4_X,'3 . 35X 2x3 ’ 35X (‘x— 2) 2 35.; ) (4—x 8x)2 4—2x 82x (22 )—Zx (23)2" 2—4x 26x 2—4x+6x 22x 4\'
= =2x-3 e . =] . ) . = . = = =4
x* —2x* x’ (x—2]
ENGE LR =8 Y N e, A0 _ Al 20
g TP st tad 11 s
73 = 2t

2 2
2.8) 4 F =15 457 =4 5 ¥'-x=0 -5 x(x-1)=0 > x=0,1
2 2 2
b) 35 =9.3% 53 =32.3F 53X 3 2 = 4257 +x-2=0>  (x+2)(x=1D)=0px==2,1

2

Q 4l ygrhel g2y [y =3x—2%(2 X+ 1) (3x-2) >
2 2 16 . 16
4(x+1)=9x" - 12x+ 4> 9x"— 16x= 0> x (9x— 16)= 0> x= 0, 5 Check, reject 0, .. x=;
ey 1 -
dy 47 ll:ﬁ_)“ "=4?2 5 |x+1|=—2— |x+1|=2>x+1=2 or x+1=2—>x=1, -3

@) 4 =gty A ¥ Ly gz g 434023312 o Tx=-14— x=2

x+2
— 1 x— =3 x+
fH 97! :(EJ — 3 S ge) 2(2x—1)=—3(x+2) — 4x-2=-3x-6 - Tx=—4— x=—§
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3.8) 35— _4b* = f(x) will reflect the graph over the x-axis. b)  y=ab™ = f(~x) will reflect the graph over the y-axis.

4.2) Graph y=3""?-3 is shifted left two units and down three units.

Domain: all real numbers w5
Range: y > -3 ;/
x-intercept: —1 , /
y-intercept: 6 BT e L
Asymptote: y = -3 'L-_—:'_“_'_"%]_'

b) Graph y=3""+2 isreflected about the y-axis and up two units.

Domain: all real numbers W
Range: y > 2 \ '
x-intercept: no x-intercept R

y-intercept: 3
Asymptote: y = 2

) Graph of y=-3" is reflected about both the x-axis and y-axis.

Domain: all real numbers Y
Range: y < 0 Bt i P el
x-intercept: no x-intercept . P
y-intercept: —1 = 4
Asymptote: y = 0 E @
a4
5.2) D b) C ¢ F d) A e) E f) B
6.2) y=b—3=b" —>b=% by y=b"— 27=b'—b=27 55=() 55=3 55=9

3

0 y=bt - l:b_%—>b= ] —>b=(3‘2)_;—>b=3’—>b=27
9 9
T.y=c- 2" 54=¢c.2" Sc=45y=4.2%5256=4-2"*% 64=2""* 25:2'2"—>12k:6—->k=%,

Le+2

therefore, y=4~2%" or y=2°
8. When y=2* and y=3" has x<0, 2°>3" 4

x x x x | | y= 3
When y=2" and y=3" has x>0, 3" >2 | = iR
| i T
[ | BERDE
x| 32101 ]| 2|3 HESENEREED SR
2 i [ vyt 2] 4] 8 L
1 ] i | i—.li'l
3* o - . 1 3 9 27
10 25 )
9. a) 1o = 10* = 316 times as strong

b) 1000 =10°. A 4.9 earthquake isa 10"’ measure. So the San Francisco earthquake has a 10*° -10° =10***> =10
or a Richter scale measure of 7.9

9 A=P(1+z)" — 4=1000(1+%%)

4x8

- 4=1000(1.015)" — 4 = $1610.32

d) A=A0(x)#—>A=84(%)€—> 4 = 1.56 grams of argon-39 remains
e) A= P(1+5)" = 4 = 12250(1+L8)2x10 = §3] 871.31

1x32

D 4=P(1+£)" - 4=30000000(1+22)"" 5 4=30000000(1.019)" = 54789223 = 55 million to the nearest milion.

Copyright © 2009 by Crescent Beach Publishing. No part of this publication may be reproduced without written permission from the publisher.
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5.2 Exercise Set

3 2 3
1.a)4*=16 b) 3*=81 ¢ 6‘2=% d) 10-2=$ €) 32°=8 ) 8'=8 g)5°=1 h) 10°=1000 i) 83=4 j)42:%

1 1
2. a)log,16=4 b) log,64=2 c) Iog|62=z d) log3§=—2 e log,1=0
3 . 4 ] 81
f) log,, 0.01=-2 g) log,5=1 h) log 27= 2 i) log,16= 3 1)) logZ e =—4
3
3.8 f(x)=log,8 b) f(x)=log, 16 ©) f(x)=log,2 d) f(x)=log, 4 ©) f(x)=log,1
2 =8 4 =16 B S 5 =1
3y _ -
2 =23 47 = 47 g =4 57 =5
3y=1 2y=1
y=3 y=2 1 1 y=0
Y=§ y=§
D fx)=log,7 8 f(x)=log,a D) f(x)=log, a D f(x)=log, b D fx=logo0
7" =17 a’=a oy == p=pt =0
y 7l . v _ 1
L= a’=a y=3 gi=rc4 undefined
y=1 y=1 log cannot be zero
4. a) P=27 b) x=47 €) 10* =1000 d) ,'-3g € x=77
$=3 1 10° =10° B=R ' 1
x=— x=—
x=3 64 x=3 . 49
Y 2 x*=32 h) =g ) 3273 D x* =625
3 =3 x:\/3—2— A= 25 = 93 x4:54
2x=3 _
x x=4\/5 Sx=3 =5
3 3
=3 (rejectx:-x/a) *=3
k 3 l x_ 8 4 1
) __E ) 47 =025 m _ N 0) & o
3 4.r:l 1 ik 1 1
=(22)2 4 =(22)" =(32)* 2 =3
Pt * g =2° =3?
=2 4" =4 2 3 x=3
x=8 x=-1 x=16 x=9
P) (3x)2=36 D 16 N g $) xr424=72 ) (x-2)? =10
1
2 _ [, L L
e g 5y K =25 T
x =4 | | x=35 )c—2=i-i
x=2 5}6:4 E)C=2 101
: t =_2 x=2+—
(reject x ) £=38 wod 10
x=190r2.1
5. a) x-1>0 b) x>0 €) 2-x>0; 2-x#1 d) —x>0
x>1 —-x>=-2; —x#-1 x<0
x<2; x#1
€) y=log_ (x-2) Thebase x+1> 0 and x+11 ) y=log_,(x+1) Thebaseisx-2>0and x—2#1
x> —1 and x#0. x>2and x#3
The log term is (x-2)> 0 so x> 2. The log term is x+1> 0
Take the intersection of x>—1,x20 withx> 2 which x>—1
isx>2.

Take the intersection of x>—1 with x>2 whichisx > 2.

Thercfore, the domain of y = log  (x—2) isx>2.

Therefore, the domain of y = log ,(x+1) isx>2,x#3.
6.a) E b) B ¢ C d) F e A ) D

Copyright © 2009 by Crescent Beach Publishing. No part of this publication may be reproduced without written permission from the publisher.
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7. a) y=-—log, a=—f(a) will reflect the graph over the x-axis. b) y=log, (—a) =f(— a) will reflect the graph over the y-axis.
b b g

¥

V:

©) y= log, a =—log, a, which makes the graph the same as 7 a), above. (See question 10 as to why y= log, a=-log, a
! b

8. y=5" and y=log, x are the inverse of each other . Therefore, if (a, b) is a pointon y=5" then (b, a) must be a pointon y = log, x .
Two other points on y = log, x are (5, 1) and (1, 0).
9. f(x)= log,x — —flx)= —log, x : — f(x) is reflected over the x-axis. So putting a negative in front of a logarithmic statement reflects

the equation over the x-axis. The point (1, 0) is on the x-axis, so the point will not change, therefore the answer is (1, 0).

¥y
10. If y=log, a thena=(%] =b" ,thus —y=log,a— y=-log, a. Soif(c, d) is a point on the graph y=1log, a then (¢, — d) must be

b

on the graph y =log, a. Two other points on y =log, a are (1,1) and (1, 0).

b b
11. a) log1253 b) 1log0.025
log1000 = x — 10" =1000; log10 000 = x — 10* =10 000 log0.01=x — 10" =0.01; log0.1=x—10" =0.1
10° =10’ 10 =10 - 10" =107 108 =10""
x=3 x=4 x=-2 x=-1
Thus 3<log1253< 4 Thus -2 < 1o0g0.025 < ~1
12. Graph y=1log(2— x)
v Asymptote
x=2
14 log2=0.3
‘_—-‘-‘Hh"“"-\_ W——

E i

13.2) y=87"> fTix=8" > logx=y-2 > y=2+logx — [f(x) =2 + log,x
b) f(x)=5""+6—> " x=5""+65x-6=5""Slog, (x-6)=dy—-1 —
4y =log, (x—-6)+1 — f1x) = tlog (x-6)+ 4
© fiy+l=log(x-2) - [ x+l=log,(y-2) » y-2=3"" 5 y=3""4+2 o fl(x)=3""'+2
d) f(x)=2+log(5x—3) = f'(x): x=2+log(5y—3) > x—=2=log(5y-3)—>
10743 gy - 1073

5y-3=10"7% — 5y=10""+4+3 — y= -

5.3 Exercise Set

1. a) log6=1og(2-3)=1log2+log3 b) log12=log(22-3)=2log2+log3
¢) log72=log(2’ :3*)=3log2 +2log3 d)  10g3200=log(2° 100)=5log2+2
36 2.3 3log3
log0.36 =log— =log| —— [=2log2 +2log3-2 216=1 2°.3’)=3log, 2+31 =
e) log og100 og( ™ j og og D log, ogz( ) og,2+3log,3=3+ log2

3

g) log5.4=log 21‘3 =log2+3log3—i{

Copyright © 2009 by Crescent Beach Publishing. No part of this publication may be reproduced without written permission from the publisher.
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. 1. h) log,

108
j) log,0.108= log,, (mj =

ey 3 log(2*-3"-10
180 10g180 _ log(2-3:10) _log2+2log3+1 b iloay 60 ( )
log6 log(2-3) log2+1log3 I0g(2-32)

_ 3log2+3log3+1

log2+2log3

log108—log1000 log(2*-3")-3 N
log,, 108— log,, 1000 = 1081081081000 _ (%) _ 2log2+3log3-3

\ log12 lug(z2 -3] 2log2+1og3
1
2. a) log,81=log 3" =4log,3=4 b) log2 =log, 27 =-5log, 2= -5
1l 3 2
' c) log2</§=log224=%log22:§ d) logS\/125=log552=§Iog55=§
23F = =
& log,27% = 22](1333 6.6log3=3.3 f log“i:IogH _ 5]0g2__5
log3*  2log3 32 log2® 2log2 2
log2® log2® (3log2)(5log2) 15
0 (e, )i, 32) B2 JoeZ_ Dlea?)isosn)
log2® log2 [2|0g2)(4lug2) 8
log,, 81 13" 5* 4log3 ) 2log5s ) .
h) 085,61 _ log3" log _[ Alog log _8 i) log, 2+log, 32 = log2 log2 _ log2 510g2:_1_1
log 125 |og3' log5s? 3log3 )\ 3log5) 9 2log2  log2 2log2 log2 2
log2* 4log2
i) log 16-21 2=——-2log.2=—==_9]p 2=2log,2-2log.2=0
D log, og, log?® g, 2log3 g, g, g,
3. a) logl00x’y’ =log100+log x* +log y* =2+2logx+3logy b) log1 JO(-) —Iogx’—loglOOO—logyz=3logx—2log‘y—3
2, 3y 2, .3 4f 2, 3
c) Iog(x +y) :410g(x +y) d) log (x +y )cannotbe expanded
2.3 =
e) log, 255y log;25+1og, x* +1log, y° —log, z = 2log, x+3log, y—log, z+2
) 1og,/x2(x+2)=%1og[x2(x+2)]=%1ogx2+%1og(x+2)=_1ogx+%1og(x+2)
g) 4log,(2x)" = 48log, 2x = 48[ log, 2+ log, x |=48+48log, x
Zy+l 1 ;7 1 3
h) log, e =E[loga(xzy+l)—logaa ]=Eloga(x2y+1)—5
3 3
)] log(x;ay) =log(x’ + )’ — logx® = 3log(x’ +y)-3logx
X
) ny 1 xy3 1 1
J) log —=—log—=—[logx+3logy—6logz]:—Iogx+logy—210gz
z¢ 3 z% 3 3
4. a) log, x~ log, 25=log5% b) log, x—2log, 27=10g3x—10g3x—10g3(33)2 =10g3%
) 3 ¥ : _
c) Iog\/;+logx2=logx2~x2=logx2 d) Iog(xz—1)—log(x+1)—logx=log( ()' 1)('14,—]}=log il
BV I) x(x+1) X
3x+1)(x~2) 1
¢ log(3x* —5x—2)—log(x? — 4) - log(3x+1) = log—_ —=log| —— |=logl—log(x+2)= —log(x+2
) 1og(3x* - 5x-2)~ log(x* ~ 4)~ log(3x +1) g(x—2)(x+2)(3x+l) 8l t1p |~ logl-log(x+2) g(x+2)
3(2x—3)(x+1)
log,(2x—3)~log. (2x* - x—3)+1 3(x+1)=1 ——————|=log.3=1
D log,(2x~3)~log,(2x* — x~3) +log, 3(x +1) = og[m_mﬁn 0g,
i 8x°
g 2[log(x —D~log(x+1)~log(x - 1)] 2log (——)U—Hl =2logl=0 h) E10g4x4—llogy = log(4x* )2—10g(y )2 =log i3
(x—1)x+1) 2 2 y
o1 - 2 ¥
i) —[Iog(x2—4)—Iog(x—2)]—logx=llog(x—HM—logleog e
4 4 —2 x
. -20x+2)
) log(x* ~4)~[log(x-2)+log(x+2) | = log B=2Nx+2) _ |,
D log(x® - 4)~[log(x-2)+ log(x+2)] B ayer2) " %8
5. a) logbxlog"a= log a-log,x = -I%—q]&‘—{ - Joga = log, a
i logx logh logh )
log, 20-log. 4 103x2_0 log, 5
b) x 7« Bl T o yloaSs g (rule #7, p. 27_0)

Copyright © 2009 by Crescent Beach Publishing. No part of this publication may be reproduced without written permission from the publisher.
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¥ 2
105,10.10 16 = 1 log2* = 4log2  _ 4

5. ¢) (log,10)(log48—1og3) = log2 g Tog2 log2

? ; Ao logx*  8logxy 8
d) Method |: !ogxﬁ +10g,\'3 _ Jogx _; = 103") = "ilugx 2
logx” —logx Iog)'—} ogxy

a log0.5 a log0.2— a 10g0.5+log0.2_ a 10g(0.5)(0.2)_ a IogO.l_ a —1—-2
2z ) "le 5 b 5) "a

f) Method 1: 47’ =x — log, x=-2log,3 — log, x=log,3” - x=3% 5 x=1

logx' +logx®  3logx+5logx _ 8logx
logx® ~logx’  6logx—3logx 3logx

Method 2:

)
3

Method 2: 4% = 32 _ = 1. (rule #7,p. ’L‘LO}

0log:
_10logx 12logx | logx 1210gx: 10logx 12logx = Slog, x—4log, x= log, x

101 —-12lo =
8 10log, By ¥ log4  log®  log2® log2® 2log2 3log2

N3

10

Az (3 1
V213 s z-2.(3) 3
h) Method 1: log7r+log7+510g5—logﬁ=log —= [ > log 7 =logl0=1

10

Method 2: log 7 +log\/5 —logmw + log\/-3- —log\/z—log\/g +1log10 = log10 = 1

D log(l-x*)~log(l+x+x?)~log(l-x) = log— =% _ | U=%) _oe1-0
(A+x+x)(1-x) (1—=x")
logx logx
i) M__Ioifz loga __I?_gi_logab_logh_ logu+{ogb~—logh=l
log,,x log,x logx  logx loga loga loga
logab logh
k) ! p—— log a+log b = log ab (rule#8,p. 22.0)

log x log, x

2
D (logs 9) (log37) (log7 5)= logQQIUg?.IogS _ tog? _ log3® _ 2log3 0
log5 log3 log7 log3 log3 log3

5.4 Exercise Set

1. a)log,(2x—1)+ log,(x-2) =1 — log,(2x—1)}x-2) =1 - 2x-DEx-2)=5 -
2x*=5x+2 =5 = 2x°—55-3 =0 = 2x+1D)(x-3)=0 > x = —% , 3

Check: 2x—-1) — 2(— %)— 1=-2, logarithm must be positive, therefore, reject x = —%

(x-2) > 3-2=1, ok. (2x-1)>2-3-1= 5, ok. Therefore,x = 3
b) log,(2-2x)+log,(1-x)=5 — log,(2-2x)1-x)=5 > (2-2x)(1-x)=2° —
2-4x+2x" =32 - 2x’-4x-30=0 — x*—2x—15=0 — (x=5)(x+3)=0 - x=5, -3
Check: (1-x) - 1-5 =-4 logérithrp must be positive, therefore, reject x = 5
(I-x) > 1-(-3)=4 ok, (2-2x) - (2-2(-3)) ok Therefore,x=—3
) %—logls(x—3)=Iogwx—>log16x+log16(x—3)=%—> Ioglsx(x—3)=%—> x(x—3)=16% -

¥ -3x-4=0 - (x=d(x+1)=0 - x=4, -1 Check and reject x=—1- Therefore, x = 4
d) logz(3x+1)+log2(x—1)=logz(10x+14) — log,(3x+1)(x—1)=log,(10x+14) —

Gr+D(x-1)=10x+14 - 3x’-2x—1=10x+14 - 3x>—125x-15=0 — x*—4x—5=0 —

(x=5)}x+1D=0 - x=-1,5 Check and reject x = —1 Therefore, x = 5

(Bx+Dx-2) EPREN Bx+1)(x—2)

; =4 - 3x+1=4 - 3x=3 > x=1
(x—=2) (x—2)

e) log, (3x* ~5x—2)—log,(x-2)=1 — log,
Check and reject. Therefore, answer is ¢

) logx+log(29-x)=2 — logx(29-x)=2 — x(29-x)=10° -—)-xz+29x=100-—)x2—29x+100=0 = (x-25)x-4)=0 -
x=4and25 Check answers, both work. Therefore, x =4, 25

Copyright © 2009 by Crescent Beach Publishing. No part of this publication may be reproduced without written permission from the publisher.
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1. g Iogzs(x—1)+log25(x+3):10g7\/; — log,(x—1)(x+3)=1log,7=1 -

(x—l)(x+3)=25% = 2 +2x-3=5 5 ¥*+2x-8=0 — x+4)(x-2)=0 -
x=-4,2 Check and reject —4  Therefore,x = 2

2!

4—
h) 2 log(4 —x)—log3 = log (10-x) — log(3—x) = log(10-x) —
(4-x"

3
x-Nx+2y=0 »>x= -2,7 Check and reject 7  Therefore, x= -2
; (x+2) =D (x4+2) _

(3x==2) (3x—-2)

¥ -8x+12=0— (x=6)(x~2)=0, x=2, 6 Check answers, both work Therefore, x=2, 6

=10-x > 16-8x+ x> =30-3x — x> -5x—14 = 0 -

i) 2log,(x+2)—log,(3x—2)=2— log 22> X’ +4x+4=12x-8—

i 210g4Jc+10g4(x—2)—log‘l 2x=1-> log4£(;—_2}-=1—> @=4——> ¥ -2x-8=0—>
X
(x=4)(x+2)=0, x=-2,4  Check and reject —2 Therefore, x =4
3
2. a) logx—zﬁ logx’ —logy* — 3logx—2logy — 3a—-2b
Y

2

b) log, 81=

4
3
log8l  log3" 4dlog —log,3=a ¢ 1og§=log 3

= 1 1 1
=log3® ~log25® =2log3——log25=2a——p
logl6 lagz" 4log?2 2 g og g 5 0g a >

d) log§=log52—log32 =2log5-2log3= 210g§ — 2log3 = 2(log10 —log2) -2log3 = 2(1 —a)—2b = 2—~2a-2b

&) () logFAZ:logA—2logB=2—2(3):2—6=—4 (i) (log AB)* =(log A+log B)’ =(2+3)* =25

log12 _log2’-3 _2log2+log3 2a+ b
log5 log?  logl0—log2 1-a

f) log12=

g) logdB=8 — logA+logB=8, logA-4=8 — logA=12 Therefore, 4 = 10"
h) log %/Eg - fog (Q)§=-;(log63—log5]= -;(logBZw‘[—'logS): §(210g3+log7—log5): %{2x+z—y]= 2x—y+z
: 2R log?2 log(';"] log10-log5 1-y 3-3y

s b=log35 - b=1l£ Therefore, ab = —— . —=— =5~
8 log3

log8 log3 log8

3
) a=log,3 — az::—g

so log5= ablog8 = ablog2’ = 3ablog2 = 3ab log'? =3ab(log 10— log 5)=3ab(l-log5)=

Jab
3ab+1

3ab-3ablog5, so, 3ablog5 + log5 = 3ab — log5@Bab + 1) = 3ab — log5 =

A
3. a)A=log3B—logC—>A=log3?B - 10A=% s Bt

b) 1 +log (4B)=1logC — log(4B) —logC=-1 — log[%} =-1 - 10" = % — A= %

©) 3logd+logB=log C — logA® +log B=1log C — log A B=log C — A’B=C — 4= {/%

1
d) log4=logB~Clogx — logA=1log B—log x* — log4=log S - x°=§—>x= 2 i or C\/—E
bd A A A

4.2) 2% =5"" - [og2* =log5* ' — 3xlog2=(x-1)log5 —

3xlog2=xlog5-log5 — xlog5—-3xlog2=1log5 — x(log5—-3log2)=1log5 —
log5 log5
= tabl = =logs;5 (bett
log5—3log2 (acceptable answer) — x log%—- ogg (better answer)

b) 757 =177 — log 7> = log17* — (2x=1)log7=xlogl7 — 2xlog7—log7 =xlog 17 —

log7 or x = log,, 7

2xlog7-~xlogl7=log7 — x(2log7-logl7)=log7 —» x=——2
2log7—logl7 7

I

) >
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x—t x—-1 ,
4.¢) 3'=9.10" 39 =10* — 32 =10" —» 37 =10" — log3> =log10* —
3
(x-3)log3=xlog 10 — xlog3-3log3=x - xlog3-x=3log3 -

log27 log 27 log27
m———— Or or k]
log3—1 log3—logl0 log
d) 77 =25 log7* ! =Jog2-52 _ (x—1log7 =log2+(1-2x)log5 —
xlog7—log7=Iog2+log5—2xlog5 —> xlog7+2xlog5=1log2+log5+log7 —

x(log3—1)= ]0g33 — x= or IOgl27
10

g2+ log5+log7 or log70
log742log5 log175

x(log7+2log5) = log2+log5+log7 — x= 12 or log, 70

oh—

] 2
5. a) log,(log,x)= -1 — log,x = 27 log,x = % 2> x=8 = (22 H5x = 22 or 2«/5

b) log,(log, (log, 27))= ~1 — log,(log,27) = 2* — log_(log,3") = % =
log, 3(log,3) = %——) log 3 = %—) ¥ =3 x=%R =9
c) log%(logl‘(logzx)):l - 10g4(log2x)=% — log,x= 4t =2 — x=2"=4
EDY; 5.22 .
d) Iogx=§10g27+210g2—10g3=log27 2 - x=27 =93—4=12
3 3
e) logx=log2+3logﬁy—log22=log2+ logy —log2z — logx=log2+ llogy —log2z =log2+2logy’ -log2z —
: logm 7log10
’ 2y° ¥
logx =log2+1logy® —log2z =log—2— P x=
z z

4
) 210gx=—loga+3logb+4log1 - logxz=loga"+logb3+log(lJ -
¢ c

) _

o (1 b’ v’ B -bea_ byfab

SR () BT i o i
c ac a-c a - c ac

5

6. a) x = _T—l - logx = log‘%‘",‘m - logx=210ga—3logb—§ log ¢

be’ re?
213 34 34
b) x = a {J - x = i‘;—- — logx = log ﬁ—(} — logx = 3logh + 1 logc-2loga
¢z a a
if 2 -2 32 1
¢ x=-2 _,b - logx=log—i-_1i— — logx =Zloga—Zlogb-1iloge
c? a v
\[—_1 3 2 5 2
5ph 3 2.3 2,43
d) x= < b2 =ald - logx=logald - logx=éloga+zlogd—llogb—3logc
cd3d B b i i :

7-2) log, 16" "= 8 — 2% = 16™*! — 28= 29D g0 _98m4 |, giiag g4 x=%

b) log, x+log,x+log,x=1 — &‘;J"gr"ﬂog =7 > lr’i‘iwul"gﬂﬁrlogzx=7 . log,x=7 — log,x=4 = x=2'=16
log, 16 log, 4 2 4
log, x 0g, x 1 7 2
o 1 + 3logx=7 > —2—43logx=7 — —+3log,x=7 - —logx+3logx=7 - -~logx=7 = Ilo =7-=
) log, x g, X log, 9 g, % [og)fiz g, x > og,x g, X 3 g,x 8,x 7

=2 5 x=3=9

d) 2log,x~3log 4=5 — 2log4x—l 2 =5 — 2(log, x)* -3=5log, x —
og, x

2(log, x)* —5log, x—3=0 — (2log, x+1)(log, x-3)=0 = 1Io x=~l - x=47% — and log,x=3 - x=4>=64
4 4 4 4 g, ) 5 4

Therefore, x= % or 64
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loga log2a logx logx
= l 3 - — 3 — _ 3 3 10 — 3 - 3 .
e) (10g4 a)(loga za)(logZa x) Oga . 10g4 loga 10g2a 10g4 g4 x —> X 4 - X 64

2 Jlogx:log\/; - Jlogx—%logx=0 - Jlogx[l—%\/logx)=0

yJlogx=0 or 1—% logx =0
logx=0 or logx=4
x=10° or x=10*, therefore, x = 1,10000
8. a) In step 6, you are dividing by log1 which is a negative number, therefore, the direction of the inequality must be changed.’

b) When you multiply by log} in step 2, the value of two pesitive numbers is changed to two negative numbers, without changing
the direction of the inequality.

5.5 Exercise Set

1 A=A4,(x) — 10000 = 40000 (0.85) — 0.25 = 085 — log,, 0.25 = ¢

t = log 0.25 = 8.53 It takes 8.53 years to depreciate to $10 000.
log 0.85
ne 4¢
. 100
2.8) A=P|1+2] 51000000=10 000 [ 1+ 212] 5100=1.03" 5 1og 100= 47 — 1= 8100 _ 3¢ 05 vears
1.03
n 4 4logl.03
b) A= Pe" —1000000 =10 0006 —100 =™ — In100 = 0.12¢ — 1= Ig 'l(f:’ — 38.38 years
" nt 2-15 P 30 p . P A .
3.2) A= P|1+ | - 3p=p|1+ L = 3= |1+ 5 1+ ==395 Z=30_ 15,230 1) =7.46%
n 2 7 ) 2
b) A=Pe"’—>3P=Pe'5’—>3=e'5"—>ln3=15r%r=1;1—53=7.32%
30
L 1)7 . 30
4. Method 1: A=A4,(x)" -08=1 (—2—] (if20% lost , 80% remains ) — log, 0.8=7—>
2
30log !
= 3¢ = 30 = By _ 93.2 hours
log; 0.8 log (.8 log 0.8
: logJ
Method 2: A=A > 08 = 1.3 5 108 =30k - & = “‘3{;'8
In 08 ¢ In 08) ¢ ] 0
A=Ae( ) L l-e( ') > mos= (B8, ;”ﬂ = 93.2 hours
0
2 30 In0.8 .

5. Remember, the smaller the pH values of an acidic solution, the stronger the acidity. The larger the pH value of an alkaline solution,
the stronger the alkalinity.

a) 48-2.1=2.7,then10”” =501, therefore, lemon Jjuice is 501 times more acidic than black coffee.
b) 10°=75— x=1log75 — x=1.9, therefore, 4.2+1.9=6.1 is the pH of milk.

4
6. A=A (x)T — 400 000 (1.02)" =300 000 (1.03)' — 1.02’:%(1.03)t - 10g1.02t=log%(1.03)’=log%+logl.03’ -

lo
tlogl.02 = log%+tlog1.03 — ¢ (log1.02-10g1.03)= log% - = T_gl'%T =~ 29.5 Surrey catches up in population to Vancouver
08703

in 29.5 years.

nt 365t
7.8) A= P[l+ 1] 3= 1f1e 28 a5 loed 83 _ 13 73 years
n 365 log(1-+5%8) 365log(1+928)
b) A=Pe"" — 3=1"% 5 n3=0.08 — zzn%:n.n years
8. C=8¢""1 100=8¢"3" 5 125263 5 037 = In12.5 — ¢ = 1n01§.5 = 842°C ¢ = 8.42 degrees Celsius
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9. P@) = 4000000 ™02 1 5 6400000 = 4000000 2012 ¢ 5 16 = L2027 )
Inl6 = 0.012¢ - ¢ = '{‘T‘{% = 39.2 Therefore, in year 2039 the population will reach 6 400 000.
r 4 4 250 ¢ 4log 20
10. Method 1: A= 4,(x)T — 100000 = 1200(2)% — %9 = 2t 5 log, ==t o 1= 10:,‘ = 255 days
In 2 J(m2) ¢
Method 2: A=Adpef' > 2= 1.k 5 m2 =4k > k= —n4 - A=Aoe( RN
In2 In 2 t 4 In 250
100 000 = 1200e(4]t = 122 o e(“] S [ 20 - (B2}, L, ————{3] = 25.5 days
3 3 4 In 2
In 0.5} ¢ ln 0.5) 2500
11. A=A0€kt—> % = 1-ek'5570 - In0.5 = 5570k —» k= lgs_?{]s A=Aoe( :!Hﬂ) =500 e(_SS_'.-‘i‘J_) = 366.3 grams
) 74207281
12. Letq = 207281 1 yih2 = 10° — x = log2 — 2 = 10°* Substitute ¢ = (10"’82) 11 = 102233861748 4

But 10" has n + 1 digits so q has 22 338 618 digits. (By the way, printing this number would take about 3700 pages!)
5.6 Chapter Review

Logarithms — Multiple-choice Answers

1. a 8. d 15. b 22. b 29. d 36. b 43. a 50. b 57. a 64.

2. d 9. ¢ 16. a 23, a 30. a 37. d 4. b 51. b 58. b 65.

3. ¢ 10. ¢ 17. b 24, ¢ 3. a 38. a 45, ¢ 52. d 59. d

4. b 11. a 18. ¢ 25. ¢ 32, d 39. ¢ 46. b 53. d 60. d

5 b 12. b 19. ¢ 26. ¢ 33, d 40. b 47. d 54. a 61, d

6. d 13. a 20. b 27. b 34. d 41. ¢ 48. ¢ 55. b 62. a

7. d 14. a 21. ¢ 28. ¢ 35. ¢ 42. b 49, ¢ 56. a 63. a
Logarithms — Multiple-choice Solutions

1. Basic definition. Answer is a. 2. log5=logx—log2 — log5= logg - 5 =% — x=10. Answerisd.

3. x—-2=0—>x=2. Answerisc. l;]ﬁi::] - 2l log10 =1. Answer is b.

)" X

Note: If you don't understand that 105" = x , review Helpful log rule #1, p. 220.
5. y=logx then y+2=1logx+2 =logx+1ogl00=10ogl00x. Answerisb.

i

6. x=§—> logx=logg —>logx=%10gA—log3—logB. Answer is d.
. 7. If log,2=b then a* =2 and if log 5=4 thenc” =5, therefore, a’- ¢’ =2-5=10. Answerisd.

8
8. 4loga®—2loga=loga® —loga® = log=loga®. Answer is d.
a2

9. Basic definition. Answer is c. 10.2-x>0— —-x>-2 —>x<2. Answer isc.
11, 38 = = 3er =32 , Jogx=-3 — x= 103 5 x= ! . Answer is a
27 1000

2x-1 .
12. (éj =277 3D 3P0, 4y 42=6-3x — —-x=4 —x=-4. Answerisb.

13. 472 =gy 252 29D, 932 4y —3-3x — 2x2—x-3=0 — (2x-3)x+1)=0 — ng , —1. Answeris a.

14, x-intercepthas y =0 — x=log,(0+5)-2 — x= 10_g§_2 — x=-0.535
0g

y-intercepthasx=0 — O=log,(y+5)-2 — log,(y+5)=2 — y+5=3" — y=4. Answeris a.
15. y=—10g4(x+8)+%=0 — log4(x+8)=% - x+8=4% - x+8=2 > x=-6. Answerisb.

16. y=1log,(0+8)—-3 — y=log,8-3 — y=log,2° -3 — y=3log,2-3=0. Answeris a.
17. x+2>0—x>-2. Answerisb.
18. y=-3.2""+4 has the basic graph y =2 reflected in the x-axis and shifted up 4, therefore, range isy <4. Answer is c.
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i . Iuﬁ.l
19. 2log, [—1—) =2log x*= ~log x=-1. Answer is C. 20. o7 =107 =5.01. Answerisb

7
Ya 1

3
21. x=—%—+ 10gx=logF ——>10gx=§10ga—logb—210gc. Answer is c.
b c

22. The inverse of y=log(%) is x=log[%) — 10° =% — y=2-10". Answerisb.

1 3 “loga a
23. logl(«/;)”=-——og“1 = 1Bd L

-a .
=3 10'0— 1=7. Answer is a.
ogl— _
log — g s
a

24. The restriction on y=log a isa>0, x> 0, x f—l , therefore, y=log (x+2) has restriction x+2>0
andbase x>0, x#1 — x>-2 andx>0, x #1, the intersection is x >0 ,x',‘:l . Answer is c.

25. loga(x+5)—log3(x—3)=2——> logj[ii]=2 — x—T—i:BZ — x+5=9x-27 — —8x=-32—>x=4. Answerisc.
x— x!
10005

. Answer is c.

26. 3—2loga+logh — logl000-loga’ +logh —log—
=

27. If (m, n) ison f(x)=1log, x, then (n, m) ison h(x)=da*,s0 h(x)=a " reflects the graph on the y-axis, therefore point is (—», m) .

Answer is b.
log;\-.log.‘i_l R log x .Iog3=1 N log x .1ng3_1 N logx =il

28. (1 log.3)=1— = =
(log, x)(log; 3) log9 log5 log3* logs 2log3 log5 2log5

log,x=2 — x=5 —x=25. Answerisc.
1 .
29. f(x)=2"" hasinverse x=2"" — log, x=—y — y=-log,x — y=log2x’l —>y=10gz(—). Answer is d.
x
30. 22°88° = x 81985 -y L x=5. Answerisa.
31. The inverse of f(x)=6"" -2 is e=6" 2 & x42=6"" o log (x+2)=y+1 — y=log(x+2)-1. Answer is a.
32. The inverse of f(x)=log,(x-1)-2 is x=log,(y-D-2 — x+2=log,(y-1) — y—1=5"% — y=5"+1. Answerisd.
1
Loy .
33. log, x=a— x=81"=3" 10g27)c=10,(;27(3"")=4alog273=4alog27 273=Ta' Answer is d.

!

1 IT 1 14
34. A=A°[EJ —»A:SO[EJ . Answer is d.

1000

W . Answer is c.

@
L
q
U
-
¢
¢
¢
¢
¢
(

‘

1

‘ :
(
(
4

(
(

nt 4.5
35. A=P[1+5] — 1000=P(1+9%] — 1000=P(1.03)° — P=
n

36. 10° =240 » x=1log240 —x=24,50 73-24=49. Answerisb.

37, P=30201% s p=30L0100 _, p=7757. Answerisd.

L L 0
38. A= 4,(3)7 — 200=4,(3) —4,= 200 " Answeris a.
35
39. 9.8 — 8.2 = 1.6, therefore, 10"* =39.8 . Answer is c. |
40. 10 =160 — x=1logl60 — x=2.2,therefore8.7+22= 10.9. Answerisb.

41. log, [EGEJ =log,a—log,9- log, b =log,a—log, 3 —2log,b=log,a—-2- 2log, b. Answer is c.

25 2
42. log, (E] = log, 2—35—37 —2log, 5-3log, 2~ 2log, 3=2a—3-2b . Answer isb.

3
43, 1-log——logec= 10g10—10g§—10gc = 10g£ = log@ . Answer is a.
b b Epp 3¢

44. y=ab" — Lop x=logb[zj. Answer is b. 45. log,(a=3)=b— a-3=2" —>a=2"+3. Answerisc.
a a
2 J4 4 1
46. log(3j=log(3—z]=log[?]:510g4—210g3=%—2b. Answer is b.
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47. log, a has restrictionsa>0, >0, b#1, therefore, 2—x>0— x<2 ; x+1>0— x>—1 g
x+1#1 — x#0,therefore, ~1<x<2,x#0. Answeris d.

48. 2log(3—x)=log2+log(22-2x) — log(3-x)* =log2(22-2x) — (B-xY=2(22-2x) —
9—6x+x’=44—4x — x*-2x-35=0 — (x=7)(x+5)=0 —x=7,-5, reject 7. Answer is c,

49. log 12-log (x-1)=1~ log, ( IZIJ—I — x_1_21 - -x=12 5 ¥*-%-12=0 —
Yo

(x=4)(x+3)=0 —x=-3,4,reject -3. Answerisc.
50. log,(2x+1)=1-log,(x+2)— 10g5(2x+1)+10g5(x+2)=1 — log 2x+1)(x+2)=1 —

Cx+D(x+2)=5 — 2x*+5x4+2=5 — 2% +5x-3=0 — QCx-1)(x+3)=0 — x=% , —3,reject— 3. Answerisb.
a g b 2 8. 2¢ 25
51. a=310g8c—+ §=log8c — =8 5 =29 b=log4a’ — d=4° —d=2 ,therefore,E—:ZTb:Z“ . Answer is b,

52. x=2°, y=a,in answer d, y=log,x — a=log,2* — a=alog,2 —a=a. Answerisd.

ual-—

53. log;[log, (log, 8)]=~1— log (log,8)=3" == —

=log,8 — x3—log22 =3log,2=3 — x3 3 >x=3"=27. Answeris d.

W[

54. logd=x — log2’=x — 2log2=x — Iog2=§ log%=y — logl-log3=y

—log3=-y , log6=1log(2-3)= log2+log3= g—y. Answer is a.

55. 2°'=3"— log2* =log¥ — (x—Dlog2=xlog3 — xlog2—log2=xlog3 —
log2

————— . Answerisb.
log2—log3

xlog2-xlog3=1log2 — x(log2-log3)=log2 —x=
56. a=1log2 — a=log47I - a=%log4 — logd4=2a b=log9 — b=1log3* — b=2log3 — log3=§

log12=1log(3-4)=log3+log4 = 2a+§. Answer is a.

. —log 27=2— log 3-log,27=2 — log EREPSNR 2=l - Answer is a.
log, x ¥ = o 27 9 3

3
58. log,3=x— 4"=3 — 2" =3;log,7T=y— =7 — 2¥=7
log, 21=1log ,3-7 =log, 2** - 2% =log, 2*"* = (2x+3y)log,2 = 2x+3y . Answerisb.

00 log0.15

=18 876. Answer is d.
log .99

£ o I3
59. A=4,(0.99)" > 0.15=1(0.99)® _, log,, 015 =~ — 1=

40

T T 5
60. 4= 4,2 | o 07521 L] 1og 075220 _, 7o o lo0B0S =96.38. Answer is d.
2 2 7 T log0.75
61. log,(2—4x)- log,(3-x)=2— log3(2 4xj 2> 23—4x=32 = 2-4x=27-9x— 5x=25—
X - X

x=5, check solution, 5 rejected. No solution. Answer is d.
62. 3¢ =b" - log3a™' =logd* = log3+(x-1Dloga==xlogh— log3+xloga—loga= xlogh—

1 —log3
xloga-xlogb=1loga—1log3— x(loga—logb)=loga—log3— x= 19ga~ings Answer is a.
loga—logh

63. 210g3(—x)=2—10g34—>210g3(—x)+10g34=2—> log,4(-x)* =2 4(-x)* =3 > x=i-§

. . 3 3 .
check solution, reject 2 accept ——5. Answer is a.
nt 12x 10 120

r r r ¥ o r L

64. A=P[l+ —] - 3P= P(1+ EJ - 3=(1+ —J > I+—=3w_ L _gm_ |,
n

_1
r=12(3"% - 1) r =0.11036 = 11.0%. Answerisd.

10 10 ;
L 1)¢ Y7 1 1) 10 lﬂ'lng(_] )
65. A=A, (x)T - 200=600 P =zl =->log |- |=——> t=—221 l [J) =6.3. Answer is a.
og|!

.

2 3 2 3 !
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