- Matte HHl— Tws, S/i0
\/N

P({’d%c, G l}/\ BOnws
WW 5¥—s L‘f:"'f

Funus b page C A the 4o Pacjﬁ,/t 4—84,‘_]
upp 1o

§€c,tg.é»\/ "f,§

N

Checkpont & on Dhuwrs (4.3,4.9)
Mssien 3 (ndivided ) Hnded. ouX

A Cul b sk Toniglat 4:30-7:30
J J m - gvﬂ&FM

Mol 30 Prnhig - Need_ 4 Ml?m h  welk
wide Wi, Sehos|  shdonts s a

Sa (WBL 4™ o Jure YT |
‘lmaw— [ G cardl + ponus pol w*d]




Q\T- [OJ "z {(D 3' . ,Oj e ﬂa
4) =1L o
? joJ"" o= 3
A Tl
Q‘Li:[b ﬁ _ 2
LN
L |
( I =21’
[OJ Iy = 3-‘_!' FDD"'S arce &JIO\"—D
Pcw%
B ,éme_\ré \Oa,_ > (omime— (@
on = lCSe_ bas 16 &
/Qne\r_é- = {5__
C{ ,Qne_g = 3
3




Math 111 Lecture Notes
SECTION 4.5: PROPERTIES OF LOGARITHMS

Example 1. Calculate the following:

(a) logs(1) = O (¢) logy(1) = O (e) log(1) = O () Wm(1) = O
bécaus= b-€cCause .
$° = | 2°=\ 10°= | e'= |
(b) logs(5) = | (d) logy(2) = | () log(10) = | (h) In(e) = |
be caunse
5's 5 Q=2 10 =10 e's e

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

e log,(a) =1

Example 2. We have said that the functions defined bqu(:c) = log, (qﬂani flz) = 2$]are inverse
functions. Find f(g(z)) and g(f(z)). Since f and g are inverses, what should these be equivalent to?

F(40xy) = P({oj,_x) j(FCﬁﬂ = 3(;1‘5
Q’Gj?'x = /0319\?\

— =

For any positive real numbers « and a, a # 1, it holds that

e log, (a®) ==z

® abga(m) =




Math 111

Section 4.5: Properties of Logarithms

Example 3. Compare the following expressions:

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

5 F
S

Example 4. Compare the following expressions:

log,(81) — log,(3) Vs,

=
3

Example 5. Compare the following expressions:

41og(10) VS.

4+ |
L{-
L‘/'{Oyolb

log,(32)

logs(27)

logI (10000)

4
gleb IOLt

louf=[o)ooo

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

M
e log, (W) = log, (M) — log,(N)

o log,(M") = 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 (4—5) —

(d) 2= = &
ey > porerty-

(b) logg(9) + logg(4)

(e) log(250) — log(25)

g (255
) < - IOJ as>
T ey

1 1l
-
C >
s
N
D
T
-
¥
)
<

(c) (7

o QW\W\NK*

(f) 5loBs(6)ors(D)
- g’ojs(%) 9“”?4
K9 ?W(’ 4

Il
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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($i3),$>3 W%W‘\rl‘o
= 103] — 103(>(~%>

= O - log(x-3) PR
= = Aog(x-3) X~3 20
£ 43
X 773

ln(ﬂ:‘i\/l—l—imz)

i *lnm pvey J
L
= G nx D (1) g T
= YLnx +';ZL~,QVI(\+—7K1>

= loggqy\)xl* — [Djs (xt D pref b
= Ojs-(x H\g /o (C;urb(x DB

= 'gllojg’(xz““B' —~|Oj¢(><+ﬂ i Djs-

Instructor: A.E.Cary Page 4 of 6




Math 111

Example 8. Write each expression as a single logarithm

0 e () () ey 5
- /031 X=3 ., IxMS
XrS  xod
it [0 3‘@-‘{‘395
J % ESTH
= loq, (3(&—3}

o () - (57) - guperty

2

b9
= 8 W l -
/DJ'"f (—-k XA 2. W\\ogmyod 03‘1(1&1‘:)
- ["3% K'\'?/B

x3

(c) 1og(:c2+3x+2)—2log(/x_q?if) PWW\O}‘ 7
= /OJ(XT'TBX%-ZB -*]OJ(X_HB?— PWQ \e

= 3 (%)
P fog, <M><Hf}>

(x4 Y°

= log (52
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Math 111 Section 4.5: Properties of Logarithms

(@) ]n($2—9)+111< 1’3) —m(““g)

&= T

A (o3 YD) MW@DJ (3 s

R

Zm(f(m—'s)(f/s})) — An (x%'3>
/@ x(/;ig A /()W‘(" -
" £ h }_;;55

Change-of-Base Formula If a,b, and M are positive real numbers, a # 1 and b 5 1, then

on ) = 2 5

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

In(M)

log, (M) = log(M) or log, (M) = In(a)

log(a)

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

in your calculator.

(a) loga(15) = lcj IS ~ 145D logs (1) = _183(”/3 x —|.209
Y oy log s

( ov
0% of UniS - Anl(z) ~ _|,20
L i AL x -0

Instructor: A.E.Cary Page 6 of 6




3. A population decreases at a rate of 13.2% per 5 years. Find the approximate value for the
following:

1-year factor of decay and 1-year rate of decay.

b. 5-year factor of decay and 5-year rate of decay.

¢. 10-year factor of decay and 10-year rate of decay.

SUPPLEMENTAL PROBLEMS FOR §4.4

EXAMPLE: The graph of f(x)=1log,(x) is given in Figure 17. Find a. (Note that the

points (1, 0) and (9, 2) are on the graph of f.) (1L,o) and ?‘] L)
) - ) o -ty
333 = ¢
A S N VS S H G - kg L R
5. 6.7.8.9.10.11.12 13 . |
AN S T T i e o_ N rT
: : : : : : sff-“f,« = Un D ‘ =TH' ) IS '
ROV R T SOV U UL W TR SO &N M*’ME
r 3 ! ‘ : : i : o : Lok L ala
Figure 17: f(x) = log,(x) AN .. QA P
( 2.=l09, 9 |
, (64 ., > T_qg 1
Solution: 1CF 3K a =1 4= :}3‘

Since the function has form f(x) = loga(xjnand since the point (9, 2) is on the graph,
we know that f(9) = 2. Thus,

f9) =2
= log,(9) =2 (since f(9) =1log,(9))
= a’* =9 (translate the logarithmic statement info an exponential one)
= a =3 (take the positive square root of 9 because bases of logs are positive)

Notice that we didn't attempt to use (1, 0), the other obvious point on the graph of
f(x) =log,(x), to find 2. Why not? (The point (1, 0) is on the graph of all functions of

the form f(x) =log,(x) so it doesn't provide information that will help us find the
particular function graphed here.)
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