LOGARITHMS Mathematics

CHAPTER 4
INTRODUCTION

The logarithm of Y to the base a is the exponent to which a must be raised to yield Y. That is,

log, Y=x_ ifandonlyif a*=Y ‘g"? N
- &
-
Thus log,4=2 since 2°=4and log,8=3 since 2°=8 x 93

2
Example 1 a) 32=9: then 2 = logs9 5 = ﬁ ﬁ
2 is the logarithm of 9 to base 3. 7;' IOJ

b) 10°= 100; so 2 = log1p100 ) l%g/ - \93; ﬁ
2 is the logarithm of 100 to base 10. q
Example 2 Wind the value of N. 2 = lejg
oqq 4= x < g 0
"Ja N=I0 = [90

3&

Example 3 Given that logx81 = 4, find the value of x. k 2 \® 3q,
"4 -89 =-3) -

W= x=%

Example4 b
Iyb= 123

Evaluate, loggs2 Wltho?;mg_caj_culator 2 -~ (8)
’038 }058 . 1= %";"

T2~ ' i : P
(0383 " TTog,8 Ve, 2 Sl T 2
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4.1 LAWS OF LOGARITHMS I Mi" es
A. Product X logaxy = logax + Iogaye/ +
B. Quotient =~ Iogaﬁ = log.x - logay - \
y Fa
C. Power ‘Iogax" = nlogax l 'K - _.) P X
Oga =—I9

42  SPECIAL LOGARITHMS

el
¥ 1. =% loga =1 e.g. log,2 =1, logs5 =1 v
$ 2. log.l = 0 e.g. log21=0, logel= / ‘A:a \5
3. Ioga1 = - logax X = \ojg;
X —
4.

4
Natural logarithm INnN = logeN (where e =2.71828183)
- &

. ¥ s
Example5  Simplify _I%2+I0935‘+ log,20 - log, 25 ) [ojno
?foll-d' I‘aai‘ H°ja\3 = | ax\i b
@lu‘fli&rl |9jau( -loj“)) < 1034}5 v \0332 T (oj_,To "\’Jsm _l,ljgw

= [og, \0 0
@’%zs b 1 2

Example 6  Simplify 3log3+log10-log3 (assume same base) l%;'LDD - le; 2§

-— 3_
PRI aho- L3 ) e
10321"\“’38 y ’: |0331_39_. : \sj,,g

Example7  Simplify log,16 -log,8+log,4 .
ample implify log 0g,8+log e glMCMJ la‘\‘ _7( a:(

8 o

Quokiewt {0\92 -'% - 19322 - |

(av)
= = 5
gt S 12
1032'2—32\%(27 =2
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Example 8 Write the following expression as a single Iogarlthm /\,

2logqo x+3logqo(x+2)— loglo(x +5) mdu'}
P f

,oa 7( + ‘Dﬂ (X‘I'I) —‘030(7( 'I‘B) 0277%
2 (x+7)

= ’%uo (x -l-g)

Example9 Solve the equation 2X=5 m g-
4‘”1 l\b °V‘ C\AM , G- 2 - l 085

Ioﬁ
\03 /‘Uba

% 104 2 =IO§'>-§
( 4
SR I

Example 10 ~ Given that log,2=0.631,l0og,5=1.465; find the value of log,1.2
12
{ {53 220 1933 -2 ;M/@
5 = IVLS _ l _ ) QUDFCIT Iaw
) = 710 = M3 3x4) IOA; (&"5)

s o ST It Y“’J“"’jf it

+ 2 ;? \552 |7,

43  CHANGE OF BASE 2 |‘b
f0g52 ¥ oot I‘oj
a) Logarithms to base 10 are called "common logarithms", and are denofed by Ig
When the base is 10, this number is generally omitted. - |\ + 0 ‘3 | - |-w 65
i.e. log N denotes the logarithm of N to the base 10. S

b) Logarithms to base e are called "natural logarithms", and are denoted by In.
e has approximately the value 2.718.
i.e. loge N is written as In N l
L 4
b — (o9,
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C) Logarithms can be to any base; however common logarithms are exclusively used for
calculations at this stage.

d) Where logarithms to other bases are encountered, they have to be changed to base 10
for a numerical answer.

To change from base ato base b : / ? = { % q-
log, N '3 |¢1} 3

log, a

Example 11  Find the valueof (a)log,4 (b)log,10 [ )
0 -
© S AN ON N ]2

[0 3 \

log, N =

- z
Example 12 Find the value of x: log, X +log, X = 3 X = ?
xample  log,x +log, x = = ,-034 = %z .

Q.ED. <= zlog{‘
L

Example 13 Find thalue of x:log,x=log , (x+6)

g %~ 108 (x+6)~ Ioj,'x%lbgz("”) bot 2

I"jzx = — A% k=420
lej A= [% 6%) 7<=3, x}(z
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¢
Example 14 Findthevalueofx:log3x—4logx3+§.=0 4"03)(31 (%XS

mulf l’)Lz -t gf I "
:—q-, K="
sbbush Ll (*“XP Deo LT
=| o ==Y K = 3 = &
1. Write each of the following in logarithmic form. For example, 3* = 81 can be

written as logs 81 = 4.

(@) 2°=16  (b) 125=5°  (C)64=16+ (d)81:(%)_

2. Write each of the following in exponential form. For example, logs 125 = 3 can be
written as 5° = 125.

(@) log,32=5 (b) 2=1logs25 () 7=1og,128 (d) -2 =1og3(1/9)
(e) logel=0 () 2=1logX (9) In20.09=3
3. Determine the value of each of the following logarithms. ( ﬂ;] 3
(a)log,64 (b)log,,107  (c)log,,3 (d)logs125  (e)logyo107° 2
3 7 = 3 -4 . loy;
4, Write each of the following as a single logarithm. , ol{‘) C ) "——-Z_'
@ 3log, 2 + 2log, 3 - 2log, 6 (b) 3log; 5 - 2log, 7 5 J.
5

1 1 )
() —logs 64+ —logs27 —logs(x“ +4) = \,D
7 2 3
5\ Zre )/

(d) 3log,(x+2)+log, 8x—2log, (x+8)

ﬂ(e) 210g5x 3logs(2x+1) +logs(x—4) « hﬂ‘ Iﬁ; lZX'“);i' |OjI(X"u>
ijgx = 103;

22 (x-¢)
g )= ge )by T
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5. Evaluate, W|thout using calculator:

0
(@) 3log102 + 2100105 — 1091020 = Ioﬁlb 2 ¢ hj n lbﬁ 10 Q
(b) log,, §5 log,, 70 - Ioglo%+2Iong !?jlug t Iagb {510

X
(c) lo E+Io é—lo i S 8‘ 2g>
glO 15 glO 20 glO 50 m a"

- lalb . o
6. Solve the equations: 5.‘ . “3’,2 ex -
G;) =2 (b) 34x =4 (C) X 2(x+1) =10 - |
Y= 2. 1
D) =6 @ ()=

7. Given that log, 3 = 1.585, and log, 5 = 2.322, calculate the values of log, 60 and log, 0.3.

8. If log72 = 0.356 and log;3 = 0.565, find the value of log, % +2 Iog%
9. Solve each of the following equations.

(a) log, x+log,(x+2)=3 (b) logs x—logs(2x+3)=-2

10. Find the values of x in

@ log, x +logx 2 =2 (b) logs x - 2logy 3=1
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Challenging Questions

1 If U =109, X, find in term of u
@ X
(b) log, 2x
(c) log, 64
2 @ Iflogg X = p, express log, x intermsof p.

Given that |qu(Xy) = 3 and Iogq(x2 y3): 4,
Calculate the values of 10g, X and log, y

3 @ Calculate the value oflog,8. Giving your answer correct to 3 significant figures.

(b)  Evaluate x if log,(1+ x)+log,(5—x)—log,(x —2) =3
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