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Math 111 Lecture Notes

SECTION 4.5: PROPERTIES OF LOGARITHMS

Example 1. Calculate the following:

(a) logs(1) = &

(c) logy(1) = O (e) log(l) = 0O
becawse
S |

(b) logs(5) = | (d) logy(2) = | (f) 10%10) = |

For any positive real number a, a # 1, it holds that
e log, (1) =0

® loga(a’) = 1

Example 2. We have said that the functions defined by g(z) = logy(x) and f(x) = 2° are inverse

functions. Find f(g(z)) and g(f(z)). Since f and g are inverses, what should these be equivalent to?

oo |
F(4x) = £(loga %) 40P = 4(27) e 10/]
o A A W
= 297 - o1,@")
2 M — j o) lOﬂ
— X o X [o%o
\w _ [7

For any positive real numbers z and a, a # 1, it holds that
o log,(a") ==

o g'%8a(?) = 4




Math 111

Section 4.5: Properties of Logarithms

Example 3. Compare the following expressions:

log, (8) + log,(4) vs.

3+
-3

Example 4. Compare the following expressions:

log,;(81) — logs(3) Vs.

i 4=
3

Example 5. Compare the following expressions:

(|

log,(32)

log(27)

Vj

éﬁ:;g—'(l()) = [oi\t}' vs.
%

4. |
- o

log(10000)

I,JI

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

¢ og, (31 ) =T (40) = Tora ()

.
:gl'oga(]\d”) = rlog, (M)

For any positive real numbers M, N, and a, a # 1, it holds that
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Math 111 Section 4.5: Properties of Logarithms

Example 6. Use the properties of logarithms to find the exact value of the following expressions.

Do not use a calculator.
(a) logy (47°%) = — S" (d) 2°=09 = Lg

Pt PW?:”I&

(5) logg(9) +iog5(4) 7 (¢) log(250) — log(25) 7
vy | opr

= X
=0

(c) el — 7 (f) 510g5(6)+1og5(7)!
Qvof{‘-’”\\T g fojs-(UrLB r‘&)v‘b(’ s

= 42 \)w?\'\
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Math 111 Section 4.5: Properties of Logarithms

Example 7. Write each expression as a sum and/or difference of logarithms. Express powers as
factors. (

(a) log ($13)’$>3 X400 Domai 01' Loa—
¥ -0 b (0,
= Jon | = log(x-3D
3l = loy s
= O — JOJ (w%}

= '[Oj(ﬁ-gs - RS
(b) ln(:c4\/1—|——$2)
= /éi/l.)(u‘ 'P,@VL.(\“J;—)(LB ‘)uo\?s/

= Hlu % +/6/\,WL Q“’Q/\
DLat A (1625 peop !

g ) >

!

= HA K+ %iﬁvx_('w#\)

(c) logs (Q@SL‘

/eojg(z Xt )_/pﬂj{cxv_ﬂl\ proP L
1033’(*1*13% — lojg(XZ’L\
e %by(ﬂ«—\) — [Djs<(f\’"l>éﬁ+l$ Y L
= & oyt = [ loge (e + 103;’(**‘31 et S
= & Iogi) - legs-0d = logs Ger)

it

\l
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Math 111 Section 4.5: Properties of Logarithms

Example 8. Write each expression as a single logarithm.

@ () e (5E) = oy, (K2 BT pebS

X+s K=Y

(b) log, @) — o, (%2)

I
3
.
X[
i
’(5\}\ |

\/
3
-0
&

I
c 8
==
A
V)
s
el e

T
(c) log(w2+3m+2)m T~ [0\3@;{-{—1\(7@\-—\)}—' ]Oj(x_‘_h RW()/)

- (K42 )Y 5AH4 wop o
103(ﬁ3£> bt

_ X472,
Lo (:2?{'
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Section 4.5: Properties of Logarithms

(d) hl(f—9)+1n($f3>~1n( ) ﬁm(x-&%}(;( g}&ﬁn(‘sﬂm(ﬂ“)
= An M) —,e_m(x—rb

- ﬂm(%(%»&—’b}"ﬁﬂ«(*ﬁ) |

= A A X o

i X/KS et |

= /ﬁm)(L
= 24 x va\o 1

- Change-of-Base Formula If a,b; and M are positive real numbers, a # 1 and b # 1 fhpn
logy (A
IOQG(M)=M le Iy ___é__
or /Qn 1

log,(a)
_ In(M) zel/l '5

Tn practice, we primarily use one of the following forms of this formula

Example 9. Use the Change-of-Base formula to write the following logarithmic expressions in
terms of the natural logarithmic function or common logarithmic function. Then approximate each

= A0l ot 0 ) - Lal(f1)
2

Ln 4

in your calculator.

(a) logy(l
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PROPERTIES OF LOGARITHMS

y = log,(z) if and only if =z =a’

Tf a,b, M and N are positive real numbers, a =+ 1 and b # 1, then

(1) log,(1)=0

(2) logy(a) =1

(3) log, (a*) ==z

(4) al°%(®) —

—(5) log,(MN) =log, (M) +log, (V)

6) log, (%—) = log,(M) — Tog,(N)

(7) log, (M") = rlog,(M)

B log, (M)
(8) log,(M) = —
In(z) = log,(z) log(z) = logy(x)
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