8.3 The Laws of Logarithms

Investigating Laws of Logarithms

Use your calculator to calculate the values in each of the tables below. Then compare the answers in the

two columns and suggest a possible law

(log100)(log10) 2 log1000 3

log12 +log 2 L%% log 30 .43
log 6+ log5 .48 log 56 .35
log8+1log7 1.3S log 24 1.2¢

Possible Law: logM +logN = '05 (H-l\l)

log1000

1000

log 200 1.30 log (ﬁ) 0.69
10og1000 —log 200 0.69 log 6 0.3}
log 40 —1log 200 - 0.65 log 0.2 -0.65
log30-1log5 0.77 log5 0.69
Possible Law: logM —log N = lof) (g )

(log5) ©.49 log5 |, 4
3log5 2.1 2log7 1.3

log 49 e HQg= 7_2- log10000 L
410910 Lt log125 2.\
Possible Law: logM " = P loq M




Product Law of Logarithms:

Quotient Law of Logarithms:

log; (MN)=log, M +log; N

|°93(%j= log; M —logg; N

Proof: Let M and N be any 2 positive numbers,
and let log; M =x and log, N =y . Also assume
B>0 and B=#1 \'

N
M BN

IOE)B (MM) = )<+‘j
losB(MN) . l"ng + l%N

Proof: Let M and N be any 2 positive numbers,
and let log; M = x and logg N =y . Also assume
B>0 and B=1r7,

log, 5 + loc,d,,_‘-l- = log, 20 [>q

\ 10 = 103%51- lo‘c}u'l.

=

Power Law of Logarithms:

log; M P = plog, M

Law of Logarithms for Roots

log, ¥M =Llog, M

—1

Proof :
Let M be any positive number, and let log, M = x.
—>

Also Fis'fijmeMB;O and B=1. ,B‘ﬂ: M
M= (&%) '[lo;@ﬂlqjx

log_M'= p- : :
g™ 2 P¥ :_,;'\035'—[035

(°‘33M?= plog,™

2.
= 2
r loﬁ*& = Flog, X

Proof : This is just a natural extension of the Power
Law of Logarithms because /M =M ? .

log Y M

P
= l05N
= é‘bﬁﬂ
"!t'loﬂsx = logg 4%

< logi‘g

rofional exponents ace

rocts.
Examples
1) Rewrite each of the following in terms of the single logarithms of x, y and z
X 2
a) |Ogsz_)2/ s ]Oﬁax + |C33Y — |0332

=\—I_033x +log,Y - 2—“’33?'1

b) logs\xy*
= IOBS (XY") =

log (xi_\/z) = log X+ loﬁs‘l’.

36
c) log, v

=[3'_lc>55x + 21059 |
log, 36 - log .\ - log, 2"

= ]2 - 3log Y - 21082




2)

3)

Evaluate the following without calculators:

|°‘333 +'|03 55.
2«32
b) Iog448+log4§+log48 2 =19
|03% (48%%:8} z Iogq('zsg) - IOS.. m
c) 2I09510—(I09550+3I095€/1_0) =
2 3
log 16"~ log 50 - log s 16

w

"o

Express the following as a single logarithm:
a) logx +3logy—<logw _ |05X+|05\1 -Ioﬁd'
= |05 ( Ya

b) 2log, x+5log, X—M

2log,x + Slo5 X -3 |°33"

¢) log, (2x+2)-log, (x* +3x+2)
izt

log, (X%

4) What is the difference between the questions below?

a)

'055 ('5%2-10) ‘
5 %’o = lbﬁs(g)
(LT

[Oj X+ '0_‘33)( -‘033

e

log,, (x rawer ) * log"‘ c"”'b leg, (m)

Express 12 as a power of 3. by 3*=12 c) log,12=x
Th"*{j ace oM as\dzﬁ "3 e Wkt powe
wodeeg !
5) Determine:
a) log; 47 = % by 9°=2
x lo =
5 = H% 9q 2= X

log 5 = log ¥ g2 o

lofﬁ
X l035 = |05Lﬂ'-

X = log4+ _ log 4%
5 5
o5 5

¥ Change of Base Formula

log, A = logA  log, A

_InA

log B N log, B

InB




6) The intensity level, g in decibels (dB), of a sound is defined to be :10Iog|L where | is the

0
intensity of the sound. The sound level of a chainsaw is about 85 dB, while that of a hairdryer is
about 70 dB. How many times intense is the sound of a chainsaw compared to the sound of a

hairdryer?
wh‘s'?er 204B A 4B = 85-30
] 10 % loudecr 25 OB
\'\bro»rn 304B
] 10x loudec.
Convecsodion HOAB 5 - 10 leaT
0 I
0 Onownsond 18 3Lb x l° \ 01 .
O = 03 |O :I

louder Fhon o hoicdeyed

7) The pH scale measures the acidity or alkalinity of a solution, and is defined as pH =—log [H*] where * 3 I .6

[H*] is the hydrogen ion concentration. A neutral solution has a pH of 7. A Cola drink has a pH of
2.5, while milk has a pH of 6.6. How many times as acidic as milk is a cola drink.

___oa..\\wline,,
t— ; t t —+
o 2.5 cb 3 s
newheoal
p\& Aiflecence s R\
L. | ¥ cde is 12584x more acid
1O = [2589 Hron il

¥ il is 125989 x more
o\keline, Hhon coke



