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The natural exponential base

The natural exponentl is the number e defined by

? / 1\,e- lim It+-l
n-+oo \ n /

x2.71828...
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4.2. Logarithmic Functions

lf x is a positive number, then the logarithm,of x Io the base,
8@ ) 0, b + 1), denoted logo x, is tre rurrnoer y 5[ch t,at
bY - x; that is,

Gbsox if and only if &- x for x > O

Example
Evaluate logro 1,000.

Example

Solve the equation

, rVt"1 :X

[oJ1o tooo'= 5

LO{ = [ DOO

Y=3

P= J.

aK:a{
K='f

f, = {5^(tb)
log+ x -

1

2'

K=Z
= 

-4q(\



Properties of Logarithms bu=l
Letb(b>0,b+1)beanyl mic base.

logo 1 : 0- and logo b -

Then,

r <-> tr' =b
and if u and v are any positive numbers, then

The equality rule: lo96 u - logo v if and only it u - v

The product rule: lo96( uv) - logo u +logov

The power rule:l lo96 Ltt - rlogo ufior any real number r

The quotient rule: lo96 (i) - logo u _ togov

The inversion rule: lo96 bu : Lt

\/, r,G) = l^u |.03 uth
l.Tntt ) =(l

= 
44,{a



Properties of Logarithms

Example
Use logarithm rules to rewrite each of the following expressions
in terms of 

'-ogg:3 "nd&5..
a. toss 270 =- [og I (aZ, td = [o] I (Z ,3 . 3 ,f , s)

/64r r 3+b ross (,,u) 
v

= [cg ; 
(3)1t"I o[:)+t'), (:) + [og, [D +[o?:fs)

loga(D+ loq.G)

= iry. to'r) Lol 3 
(tzs)

= [rg, (at) - [rg. [;')
- | | - 't ?1."1 ,[s) ,n'o^+s'*F] 

-= = ''e'!^ b lol)L
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=3 lqhtD+*|.qr(t-q')

= 3 Logrtr) +f |.og7((t-YIr*)

= 3 lqz[n) +{t5r(t J)
+!t.ngt Cttg)

Properties of Logarithms

Example
Use logarithm rules to simplify each of the following expression.

a ross gey-1 - [og, (x.) + [rgrty-u)

=. J lqr6; -4 [o1 gf,/)

= [o?-,(,s)+ loyr ([t-v')9 -u,
[3l.0,

lr(xrf{),: ;
o1r 0O -'t L"l, tV) : _l

b. logz (xs tfi -71

ohtD-5= tl'L'g.

[o1:(0 .s) : [o1:l

y = 3(i 
(lt"tr {x) -E)

(g)=+ e 3t=

= r=y-l -Ll$ \=

3t

4F

r'r
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\

-sJ
@J+3=Fg-{ Yt{= 2



The Natural Logarithm

The logarithm log" x is
denoted by In x; that is,

called the natural logarithm of x and

y-lnx if and only if

Properties of the Natural Logarithm
For positive numbers u and v,

\v/

{ El b efF n c:F y < p * E 'rlQ,i\

IS



The Natural Logarithm

Thg Inverse Relationship between e" and In x
{''}- x Ior x > 0 and In ex - xfor all x

Example
Solve the following equations.

a. -2lnX:3

b. Inx-2(ln3-ln5)

1 + 2e-x -3

\n tx)

,b^ (-i) : U

5-=3 [trze I €\ = -J Fo"uno p

Aa= (ee X

eo- i
t^[u1 =t^ft')

-'. ,l'n[X)
R urrol.rh t-/
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4
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