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Section 4.3 - Logarithmic Functions

Every exponential function is 1-to-1 and therefore has an inverse function.
We define the base a logarithm to be this inverse, and write it this way:
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DEFINITION OF THE LOGARITHMIC FUNCTION

Let a be a positive number with a # 1. The logarithmic function with base a,
denoted by log,,, is defined by SHoW ME Voul
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So log, x is the exponent to which the base a must be raised to give x.
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PROPERTIES OF LOGARITHMS

Property Reason

1. log,1 =0 We must raise a to the power 0 to get 1.

2. log,a=1 ‘We must raise a to the power 1 to get a.

3. log, éz‘): X We must raise a to the power x to get a*.

4, gt =y log, x is the power to which a must be raised to get x.
COMMON LOGARITHM

The logarithm with base 10 is called the common logarithm and is denoted by
omitting the base:

log x = logo x

NATURAL LOGARITHM

The logarithm with base e is called the natural logarithm and is denoted by In:

In(x)= log,&)
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log(x) is the exponent to which the base 10 must be raised to get . So we can complete the following table for

1 log(x).
x 103 102 10t 100 1071 1072 1073 101/2
oot [ 3 [|[ %+ |V [|[ & |[-1 |[-2 |[-3 |[%% |

The function f{x) = Iogls(x) is the logarithm function with base . So f(16) = E ,
2 w-[ e o) = =11 #2s6) - cand fi4) = V/a

u) = 5~
Loy, &) =7
(a) Convert the following to logarithmic form.

3 _ -
63 = 216 L= jﬁo (216 = 3
(b) Convert the following to exponential form.
2

og,(36) =2 &=~ (=3¢
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Match the logarithmic function with its graph.

4
I ; Il y (a) f(x) = ~log,(x)

I\ \ (b) f(x) = ~log,(~x)
> > (€) f{x) = log,(x)
dRY X 2 X

\\ W (d) fx) = log,(~x)
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(a) f(x) = —log,(x)

(b) f(x) = —log,(—x)
() f(x) = log,(x)
(d) f(x) = log,(—x)
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6 The logarithmic function L(x) = In(x — 2) has the asymptote x = ‘ 2.
hars w \ voar feal
AW g ‘\S”Mp.
}v‘( *\ hag vu-’-uvq c“"’}""‘P’""‘ECS\ \u‘l\w Sk = O

»x = '..\—; srjuvﬁch
A(vl—\‘(\ Wes w\""-\caﬂ KSGm owLwérr‘ Xx=2, xX==2

e Complete the table by finding the appropriate logarithmic or exponential form of the equation.

Logarithmic Form | Exponential Form
wnikr e @7"“«—1— 4SS a powen
logg(9) = 1 q' =9 of 1w Lau.
( 2
3 229 1 Z 7
G5l
logg(729) = 3 53= 329§ 229 3 15’ S
>
-
2 L -\ 7
Loy, (3)=3 01/2 = 3 3=4 = % 2
0
Logy(81) =2 92 = 81 el=a
(
1 _ 1 .L: 6-
Iogg(a) 1 q = U]
L\_| 4t 51 1 - -
ﬁ'ﬁﬁ( )= 9 2—ﬁ = v - 9
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Express the equation in exponential form.

9 ~ 2
(a) log,(49) = 2 Loye (#) =2 254 9g
o
(b) |091/2(1) =0 (-,") =
0
L)) = 0
= ,a"f) ‘/4.(('1’
Express the equation in exponential form. 3
11 ) 3 A = ?‘ = ¢~ ; [
(@) logg(51c) = -3 63=2 == 2w 3= o,
2
(b) logg(4) =2 qaat o e=23 e
3.4 6-2at =42 =M\
&= 1 g =
=v> = =z
1"5' _..:-7/@? W)=3
12 Express the equation in logarithmic form. év)‘-’ '-‘l/-—-

(a) 42 =16 Loy} (WY=2

(b) 107 = 1,300 I’J ""’) =7

(03) /0"7 (e 7>
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Evaluate the expression. (Simplify your answer completely.)

(a) en(v7) TE £x)= &) +tar £-'0x)= mlx) "0'7¢(”
= (Fof)VE)= VF b) - ea,‘(—%-r) L

0 0 ) ($)= BT £)) = £ i) = v

(0 10|Dg('.3) - '3

20

Evaluate the expression. (Simplify your answer completely.)

| L
- ns 2 _ S _ L~ — =T~ e
21, log,,(0.125) M oo T awo T w0 8 N2 “"3‘ N
l - -3
) IS =S = =
) (4" %)=-2
(@) In(1/e) =L (t"\ ==\ ,@9«, >

2 Evaluate the expression. (Simplify your ans mpletely.) ' ( 'L—{k))
(@ logo(v3) = Logs (\//G-W = Voo, /@"")> =My, (9
. ) L
! -2 i _ =
(&)=L (4 J=-% = Loga (© 1

(b) Iogg(%) = W, '

n +1 )
(© logg(27) = Kej, (23) = /0':79 (4.9%) 3/@7., (4 ) ‘/479@ )
3

-

T

24 Use the definition of the logarithmic function to find x. (Simplify your answer completely.)

(a) log(x) = -3 x=232= .. L
2 23
(b) logg(625) = x
T
~ Lt S
e M) =

fog o (35D = Lo (54)= Y
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26 Use the definition of the logarithmic function to find x. (Simplify your answer completely.)

(a) In(x)=-9 —= e '= x

(b) In(1/e) = x
puley = %=

29 Sketch the graph of the function by plotting points.

g(x) = 2 + log(x)

£ f—ly.]-z /@71\0 7(¥)= ﬂa]&) +2 = fox)y+2 ‘7l-—=>_7-l-2
W
1, 6) 2 ¥

( - 0

x=0

30 Find the function of the form y = log_(x) whose graph is given.
¢
y \ -\ q = =4
ﬁ’.‘la.( ¥
1.5}
(7, 1) &) I
1.0r :

051

-0.5¢

-1.0f
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32 Find the function of the form y = Ioga(x) whose graph is given.

i
y \ -~ 3=
1.0t /00 G("I): 3 =7 a . N 5
(3=
0.5} 4, 1/3) o _'aojwéw)

-0.5¢

-1.0

33 Draw the graph of y = 6%, then use it to draw the graph of y = log(x)-
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Graph the function, not by plotting points, but by starting from the graphs in the figures below.

35

g(x) = log, ,(—x)

y
3t .,:.f'ﬂs (’A
y = log,(x)
2r /e"ﬂtb(x\
y = logs(x) ] = Q(A)
1t y = logs(x) : -
y = logyg(x) : 7
L 1 1 X
2 4 6
-1 A Y :
‘\ x=0
-2
>
-3 9 = (- o, O)ﬁ
D= (oo o)
x=d

Graph the function, not by plotting points, but by starting from the graphs in the figures below.

36 )
fx) = —log;() = - g State the domain and range.
Y2 -y 9 (W= ,0033 G = Baste fonc o
y
3 E
y = logz(x)
2 -
y = 10g3(x}
1t y = logs(x)
Yy = logyg(x)
2 4 6
~1k
-2
-3

10
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Graph the function, not by plotting points, but by starting from the graphs in the figures below.

37 flx) = log,(x — 2) y
&9'= ('?-/Oo ) ‘Fﬁov—a “Need x—2>2.
y
3r 'ﬂ: (—”/”) g\gﬂ-\—\ T’ﬁpl|.
y =logy(x)
2 -
y = 10g3(-\'}
1F y = log;(k‘)
y = logyg(x)
L 1 1 X
2 1 6
-1
Click Here See Video for #s 37, 38.
-2
-3 ®

Graph the function, not by plotting points, but by starting from the graphs in the figures below. (Select Update Graph to
38 see your response plotted on the screen. Select the Submit button to grade your response.)

g(x) = In(x + 3)
Demonstrate the Graphing Tool on WebAssign.

State Domain, Range, and Vertical Asymptote.

A9= (-3,00)
/R: (—:9,04\

11


https://harryzaims.com/public_html/121-online/1340-online-fall-23/videos/Chapter-4/4-3/video/37-38-Graph-by-Transforming.mp4
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Graph the function, not by plotting points, but by starting from the graphs in the figures below. (Select Update Graph to
42 see your response plotted on the screen. Select the Submit button to grade your response.)

y =3+ In(—x)

Demonstrate the WebAssign Graphing Tool.

State the Domain, Range, and Vertical Asymptote.

! F(ﬂ-a,@-«(.ﬂ _ﬁ-—-i—:);-ﬁ(—»d REN _.,:J;;fj_;)_p;
\7 (-e,4)
‘e
(& e,‘ ] C-1,0n \ > )
. -6 Y > x
*=0 *=D

Graph the function, not by plotting points, but by starting from the graphs in the figures below.

43 y - ‘In(x)‘ .Jﬂ/j £ed vizx\l
y

at VAR N4 Fox
£6) fF Fzo
vy =log,(x) l S:‘ 3 ( =
2r ¥ ~fod £ £06¢D
y = log;(x)
1t y = logs(x) /A,
Yy = logg(X) d ’a" (e
2 r; 6
- 7
' - l}_(x\l
-2 g(ﬂ ( %'/n
-3 -
(1,0) o
x=o

12
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Graph the function, not by plotting points, but by starting from the graphs in the figures below.

44 y = In(|x])

£0
d il >0 ‘rl\‘d- nrgonm S X ~
e S5 me,s 2 O Thaow ou‘/' x=0

|yl——g N iﬁ ’ ’:ao 75 chways YO !
gv l9= (_,,IO)VLU,N> e g
= f&\fog

L () L x2p L(\L) L x>0

ﬂm(l‘ll): ,e-\(—X) ‘r_ Yl = L(_,‘) ,£ LzO
Naed Wl F O, s0

Find the domain of the function. (Enter your answer using interval notation.)

45
g(x) = log, (x> - 9) = ﬂojq( (Y—3)(x4.33)
Do"hﬂu‘n ; . ,\\ j
N.l.ld xl— q >0 X Y

Y NN Y

x-a=02 4 4 . - +

=9 < { { -
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x=t3 =0 =o . g
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W—ﬂ US:.B
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Find the domain of the function. (Enter your answer using interval notation.)

46
g(x) = In(x - x2) = £ (¥ Q1 -%))

N.ud X—x’- > 0

~X-L . = o
¢ Y
NNy, oy N
e~ } } S
ey \
=0 =0
— B = (o,l)

14
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Find the domain of the function. (Enter your answer using interval notation.)

47
h(x) = In(x) + In(6 — x)
o \,}‘,as"w‘Z Olrts) = 39(4)(70967)
e . x| xeBF) ad xe LGOS
. é_ﬁ%y N
> 13
] Al

Ber !
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48 Find the domain of the function. (Enter your answer using interval notation.)

—_—

h(x) = v x =3 —log:(11 - x)

—yw >0
vaud x-3:0 el, =¥ =
2 H>xX
o x4 U
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A graphing device is recommended.

Draw the graph of the function in a suitable viewing rectangle.

SO o orgdeBe B

Use the graph to find the domain, the asymptotes, and the local maximum and minimum values. (Enter your answer using

interval notation. Round your answers to two decimal places. Enter your answers as a comma-separated list. If an answer
does not exist, enter DNE.)

domain (0, v-"\ & Y
Al 5308
) 1E-Y =gzinz
vertical asymptote X = 1o Joe91
1gggg | 3.2E-Y
1.BE-7
horizontal asymptote ') =0
.?""3 =
local maximum (1‘ 31{ H
124
local minimum DN
bl T HOL 2
Hmin=-1 i I T RO Max .
3 =50 \J—r”j Hmim= -1 V4
Hacl=5 \_/J Hmax=2, 2234842
ymin=19 zc1=5 A
e Yin="-, SBE4TLE..
LHres=1 "|"I"'|a:=-=.'=. SE?EQE??
Yaol=1
dEres=1 H=E.ELi7081 Y=.0M0ZEZEA
lll/.f-'_)t_‘—\—_\_
Loceld wment o ¥ yz o0.3CFemr MY
"]
||' " ~x 2, FI D2 %03 .
Maxirunm
n=c./lAEADE Y=.ZafE7 944
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