Recall the Properties of Exponents
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If b is any positive number except 1, then we have two very
important properties for exponents:

1) If x =y, then B =Y
2) Ifb*=b ,thenx =y

These properties are extremely useful for solving certain equations.

Examples: Solve the following equations for x using mathematics

writing style: ,
_ by 2= FX
a) IF2=Y3
X2 — 7 = 6X
3X—2 = 31/2
X2—6Xx—-7=0
XxX—-2=1/2
=5/ x-7)(x+1)=0

XxX=7o0orx=-1

0) g2X_ pt2
(23)4 - 2% _ (22)x +2
234 =20 _ R(x+2)
3(4 —2x) = 2(x + 2)
12 -6x=2x+4
—8x = -8

x=1



If b is any positive number except 1, then we can define an
exponential function with base b by
f(x) = bX,b >0, bzl
If b > 1, then the graph is positive and increasing and the liney = 0
(x—axis) is a horizontal asymptote.
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If 0 < b < 1, then the graph is positive and decreasing and the line y
= 0 (x—axis) is a horizontal asymptote.
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Introduction to Logarithms

Definition: Letb >0, and & 1, and x = B. Then y is the
logarithm of x (base b). That is,

x = means that y = lggx.

Two special logarithm bases have special designations. They are
common logarithms (base 10) and natural logarithms (base e).

Note: Sometimes we simply write log, but the meaning Is always
log, (X), since we are using a function with argument x. If there is
any confusion about the argument, then use parentheses.

Exponential Equation Logarithmic Equation
52 = 25 log, 25 = 2
31 1
23 = 38 log, g=—3
10* = 10,000 log 10000 = 4

=1 InN1=0



Example 1. Write the following exponential equations into

logarithmic equations.

Exponential Equation

22=0.24
69=1
2743 =81
102 = 100
210 = 1024
10-3=0.001
el=e

Logarithmic Equation

Example 2: Write the following logarithmic equations into

exponential equations.

Exponential Equation

Logarithmic Equation

log; 81 =4
log; 0.04 = -2
log, 8 = 3/2
logg 4 = 2/3
log V10 = 1/2
log 10 =1

In 1/e = -1



Properties of Logarithms

Assume thatb > 0,56 1.

PROPERTIES

log,1=0

log,b=1

log,, (xy) = log, x + log, y
XD

log,, /0= log, x —log, y

log,, (X") = n < log, X

log,, (b¥) = x

b'°% X = x (if x > 0)

EXAMPLES

logl1=0, Inl=

0, logl=0

log1l0=1,Ine=1, log2=1

IN10=In2+1In5

Iogj’r: log 3—-1log 4

logg 25 = logy 5% =
log(10P) = 5,
10°9° = ¢,

2-Iog135

log 83 =-3

934 = 4



More Logarithmic Expressions

Examples: Use the properties of logarithms to write each expression
as a sum and/or difference of logarithmic expressions.

a) log 2@ b) Iogagz

= log 2 + log ¥ = log a +log B-log ¢
log 2 + 3 log X =loga+2logb-logc

c) In(xy)3

=3(In xy)
—3(Inx +1Invy)

§7ny

d) log, V¢

= %(2 log, x + log, y) — log, z — 5 log w



Examples: Use the properties of logarithms to write each expression
as a single logarithm.

a) 2logx—-3logy b) %In4+|n5—|ny

2
:Iogbé%é
_ B4 e 5
=gy g
_ 100
~ Uy

c) log(x+1)+log(x-1) d) 2logyA-3logyB+4logC

= log [(x + 1)(x = 1)] 204
_ ACYH
= log (¢ - 1) - Iog?’H B3



Using Logarithms
to Solve Equations

For b >0, bz 1, and x > 0 and y > 0, we get two important
logarithmic properties.

1) Ifx=y, then logx =log,y
2) Iflog, x =log,y, thenx =y

Recall that the argument of a logarithm is always positive. When
you solve equations with logarithms, you should alwa&ysck your
answert

Examples: Solve the following exponential equations.

a) 16*=21 b) &-2x=50 c) 6=18
3x =log 2.1 0.2x =In 50 log (6) = log 18
x:|0932'1 Xx=51In50 x log 6 = log 18
log 18

X=Tog 6



2 _ 4
e) 57 =55

X +t2=52

X+2==2
=4

dy 5*1=10

log (5** )= log (1)
(2x=1)(log 5) = x
2xlog 5 —log 5 =X
2xlog5—-x=In5
X(2log5-1)=In5

_ logh
X‘2I095—1

1
2 - —
f) 4X+ _25

HX+2=p52

X+2)Jn4=-21In5
XInN4d+2nh4=-21In5

_—2In4-21In5
X = In 4




Examples:

Solve the following logarithmic equations.
a) logx—1) +log(x—4)=1

log [(x —1)(x—4)}=1
(x —1)(x — 4) = 16
X2 —5x +4 =10
X2 —5x—6=0
(x-6)(x+1)=0
X=6 or x=-1
X=6

b) log, x—log, (x—1) =log 3

o X O
log, Ea log, 3

X —
x—1_3

X=3(x—-1)
X=3x—-3
—2X = -3

X =

NIW



