5.5 The Laws of Logarithms

5.5  theLaws of Logarithms

m Develop and use the laws of logarithms.

Get Started

Use the exponent laws to simplify cach expression.

22 . - 7y
=253 ’ -.-38'2 l =q%¢ =7°2
= 98 -3 <73 =7

or 3

Construct Understanding

Use the exponent laws and the relationship between exponents and
logarithms to complete each statement with a natural number.
Describe your strategics. Use a calculator to check.

log2 +log3 =1log? Jogq &6 = loq2:3

log8 — log2 = log? losl-} = |°s 82

3log2 = log? loa8 = |°3 23

For each statement above, write two more statements using the
same operation.

Compare your results with those of your classmates.

Write rules for:

+ adding two logarithms with the same base

+ subtracting two logarithms with the same base

+ multiplying a logarithm by an integer
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Operations on logarithms with the same base obey the

laws of logarithms.
THINK FURTHER
In the power law for logarithms,
Whenx = O0andy = 0 why isk e R, whileb = 0,
Productlaw: logay = logx + logy, b = 0,6 # 1 b 17
Quotient law: log.(;)=log.x—lo&v,b>0,b$l A

Powerlaw:  log* = klogx, b = 0,b # 1,keR

The definition of a logarithm can be used to prove that the laws above are
true for all logarithms.

To prove that logxy = logx + logy:
Letlogx = m and logy =n  Apply the definition of a logarithm.

Then x=b" y=u
So,xy = b™b" Use the product rule for exponents.
xy = ™" Write this exponential statement as
a logarithmic statement.
logxy = m+n Substitute for s and n.

logxy = logx + logy
The proofs of the other two laws of logarithms are in the Exercises.
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Example 1 Applying the Laws of Logarithms to
Logarithms with Base 10

Use a law of logarithms to simplify each expression.

1. i’;lﬂ‘g:;a;hmmg:‘a Use a calculator to verify the answer.
' a) log 50 — log 25 b) log5 + log 12 c) 3log4
a) log7 + log 8
b)) ::::: log 16 SOLUTION
c -
a) Use the quotient law.
0) log 18 = log 56 log 50 — log 25 = log(%’)
5 _ = log2
b)log2” =log 32 Verify: log 50 — log 25 = 0.3010....
- log2 = 0.3010...
C) IOS(-]—L = IOS 5 b) Use the product law.
log5 + log 12 = log(5+ 12)
= log 60

Verify:log5 + log 12 = 1.7781. ..
log 60 = 1.7781....

c) Use the power law.

3log4 = log 4’
= log 64
Verify: 3 log 4 = 1.8061. ..
log4’ = 1.8061. ..

Using the Laws of Logarithms to Simplify
Expressions

2. White each expression as a Write each expression as a single logarithm.
g - a) 2logx — logy
single logarithm. ”
a) logx + 3logy b) slogx —3logy + 2logz
b) logx + 2logy — 4logz € 2+ log3
c) bg)s -3
SOLUTION
0) |03X t S'OSY a) 2logx — logy Use the power law to write 2 log x as log x°.
=logx + IoS\/3 =log¥ — logy  Use the quotient law.
= - .
= log xy® = '°8(7)
b) loax t2loqy - 4logz
) logx + 2iogy - Hlogz.
= Iosx tlogy —Iogz

= log(2%-)

390 | Chapter 5: Exponentlal and Logarithmic Functions DO NOT COPY. &P



b)%logx—3103y+ 2logz  Use the power law.

=log x';; logy’ + log2' Use the quotient law. C) |()8z b-3
X
= log (?) + log 2 Use the product law. = losq_(p - 3'%31
22 = Iogzb - Ioa,_ 23
(29
Y = I%ze - 'osl 8
c) 2+ log3 6
=109, (%)
Write 2 as a logarithm base 4: - 092 <)
2 = log,4’, orlog,16 2
80,2 + log,3 = log,16 + log3 Use the product law. = |09 2 ('E)
= log (16 3)
= log,43
Writing a Logarithm as a Sum or
Difference of Logarithms
Check Your Understanding
Write each expression in terms of log a, log b, and/or log c.
2 3. Write each expression in terms
a) loga'c b) log (i,) of foga, Tog By s Bagi
2
a3 ea () b) og ()
SOLUTION b ¢
a) loga'c Use the product law. A - 2
= loga' + logc Use the pawer law. G) IOS a IOS b
=2]o}ga+logc =|030—2103b
b) log (i) Use the quotient law. /2
L X3
= loga’ — log b’ Use the power law and product law. b) ‘09 a+ I% b lOﬂ ¢
=2|oga—(logb+logc’) - 1l -
=2loga — logh — logc  Use the power law. -ZI% af 3% h '03 ¢
=2loga — logh — 3logc
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Checdck Your Understanding
4. Evaluate each expression.

a) 3log,6 - kg, 72

b) 2 log,6 — 3 kg3 + kg2
a@ q(p = log,12
= |o9q = |09.,12
= |03q 26 - \Oﬂq-'z
- logy (22

= |03q

= |C§q r

q'/z
=|oqq 1
e

b 03:»6 '@fﬂ& tlogyl12
= I%‘I- "'03433 'I'IOS.* 12
-logy (45
= IQSqr 16
= |03q. ""1
= 2l03.,4

2
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Example 4 Using the Laws of Logarithms to
Evaluate
Evaluate each expression.
a) 2log6 — log9 b) log,2 + 3log6 — 4log2
SOLUTION
a) 2log6 — log9 Use the power law.
= log,6" — log,9
= log,36 — log,9  Use the quotient law.
36
- s (3)
= log,4 Write the number as a power of 2.
= log,2’ Use logb® = n.
=2
b) log2 + 3log,6 — 4log,2  Use the power law.

log2 + log,6’ — log2*
log2 + log 216 — log 16 Use the product law.
log(2 - 216) — log,16  Use the quotient law.

-2

log,27
log,(9 - 3)

= log,(‘) - 9%)
= log9? 9

nmunng

21

Write the number as a power of 9.

le

Assianment :
p.3% ¥ 5,8,10, (12-14)ac, 15, 16ac, 17
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