.‘n\ltf’se % ﬂc Q‘X‘?°“e"h.a.' S”u,v\c!h"oﬁ .

4.3:Logarithmic Functions =

DEFINITION 1. The exponential function f(x) = o with a # 1 i a one-to-one function. The inverse of
this function, called the logarithmic function with base a, is denoted by f~'(z) = log, =.
Namely, a is> base

Ega r=y & a' = r.| x50

In other words, if # > 0 then log () is the exponent to which the base a must be raised to give .

EXAMPLE 2. Evaluate 4
(a) logs 16 — 20311 = 4‘
1 -4 A
b) log; — = = -
s =0 (S‘\J’; =5
€eeomne -

(c) logyys5 = [ =

Y
°3’st -3



CANCELLATION RULES:

e log,a" =z forall z e R

e 4% — g for x > 0.

I



Graphs of logarithmic functions v = log, = :

(e=1] 3

u

0<a<
o,

1

A
/
/
/
/

Domain: A0
Range: R
lm log, r = o
:]ﬂbl- log, z=_ _,

Vertical asymptote: ¢z o0
Horizontal asvimptote:  hyp

Domain:  Yso

Bange: =
lim log, r = o5

IT—+0
lim log, v = _ oo

0+

Yertical asyvmptote:

Horizontal asvmptote:

X'—=0
(A%




Properties: Assume that ¢ # 1 and =,y > 0.

lOgn ('Cyj = 10ga T+ 10ga 1

£
]'Ogtl (E) = ]‘Ogtl €= logb u

log, (%) = ylog, «

Notation: Common Logarithm: log r = log g x. (Thus, logr =y <& 10¥ =2x1.)
Natural Logarithm: In(x) = log,(x). (Thus

ner=y <« ¢ :.J )

Co’“(_e_lla,"foll\
Yule

e €2
qu 1/!/\* )CQCO-M'Q




Properties of the natural logarithms:

In(e”) = xbne = X%
eln:t:: _eepﬁel = %

Ine = (.032 e = 1
In x

log, r = e where a > 0 and a # 1: =)
na

limy soo Inz = €@

lim, g+ Inr= =D

K cccomse. f(F'@) = FR)=%

m

L

")

Proo (s Lna (ojax =l
0. <

Cna-Loggx
)

(&) ==

a&"x = X

nT=n

Cancellaton

v
e



EXAMPLE 3. Find each limat:

(a) mli{léoln{xz —r)= .e;,,., Qma. = o0
gy o
Y= ﬂt"’
im y = oo

XHed

(b) IEIIDB-F nglg(I — 13) = {s 2‘3\% } —_ =0

y20'
ye w13 — 0 \3>1

x->[2¥ 1 :

(c) IIE:IDE_ log(sinx) = /C«V"L Qo/% (\3,') = @w\ &jlo ‘3, =-cO

\3 "7°+ \J \5)0“'

+
x—ao?‘ 0 10>

Y= Stn %



(d)) lim(lnz)m® =
r—s1 —
Continuen)
ok %=\

'n(vM \V\'Se

Sin1

(fn 1)

A;ra c\’ Ko™ v
S\J‘Sbh

we



EXAMPLE 4. Find the domain of f(x) = In(z® — x).

Dowmain of y<lax 15 7O

Thuws dowmain 0‘% g(ﬂ '3
7‘3_)' > O

X (7(1*') > O

X ( x—1) (x+1) > ©

W
e o ()= (-1,0) U (1,50)



_‘:;,\J B’r&"' o‘o‘MW'lV)
EXAMPLE 5. Solve the following equations: /Mc\ Yoo Vevify Fhek
You e o8 yeur sitktoms v

(a) loggs(log(x+120)) = -1 W Ak dowaih .

foy, (FI=-1 > K -0B 2 Vsave equatien
0:9 and Haen ?% W\
youyv  soluhom§

Qo%”(ﬁ o) = 2 o the 9\Wen

“eoin-A'fOV\
oo = ®+M20

100 = X +120

&

1g in domaih
$=-20 “":Gﬂ “.,\- xs-” 19w




10



(c) log(x — 1)+ log(xr+ 1) =log1h

%Cx-h(z*h = by &
)= by
xa._| = |S

=@‘I

\xsll \

——

Qecomsse (’uéu-l\ is undefined
for = 4

11



(d) Inz? —2Inve2 +1=1
L=
e,\'x?' - (J\(\‘Xl*l\ _"‘

Q< - & D) =

"—(l_e\ = &
e
R <O
X (-@

12



EXAMPLE 6. Find the inverse of the function:

(a x)=lIn(r+12 a
Y= On(x +12
M
x+tl2 = £ oy N
X = -l = =¢ Tt

13



10t —1 -
®) =157 D) T v
(lo’ﬂya = 10"\
0Y +Y = 0" -1
lo"n“ ‘Ox“' "\-3/
‘ox (\,__0 = (\’k‘j\
A 4 Y
0 =y

14



EXAMPLE 7. Find an equation of the tangent to the curve y = €2 that is perpendicular to the line
T x
x+ 2y = 20. 61" ML=-"-

. &

@

M, = Sloge of +he teangent

O\\ -H:\o OH/\E,T L\Ouf\o' W\c :(szy: Q\sz e =

V-1= (= ~o0) ¥= eu’::o' 1

ﬁ-;?"*\

15



Change of Base formula:
logy, «

log, = = :
log, a

In particular,

Inx -
lc:-ga;r:m. b=l

EXAMPLE 8. Using calculator evaluate logy 15 to 4 decimal places.

16
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