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Use logarithms to solve exponential equations.
Use the definition of a lo'gari'fhm'fo solve logarifﬁmic equations.
Use the one-to-one property of logarithms to solve logarn‘hmlc equations.

Solve applled problems involving exponential and logarithmic equations.
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Solving Expnential Equations

-2 There are two two primary methods for solving exponential equations:
2= 1. Isolate the exponential expression.
~2= 2. Use the one-to-one property.

<> There are also two primary ways of solving logarithmic equations.
<= 1. Isolate the logarithm, then write the equation in equivalent exponential form.

2= 2. Get a single logarithmic expression with the same base on each side of the equation:
then use the one-to-one property.

2> One to one properties

-7~ Note: In both cases-the

<> ax=ay If and only If x = y.

base must be fhe same.
2 |09ax = IOSQY if and only if x = Y. |




Solving €xponential Equations by Expressing, Each

Side as a Power of the Same Base

<= Solving Using Exponential Equations with common base.
== If bm = b then m = n.

1. Rewrite the equation in the form bm = bn,
~2>Note; the base (b) is the same in both expressions.

2. Set m = n.

3. Solve the equation.
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Example: Solving Exponential Eqdafions

<= Solve:
| o _ L
63x-6 = 125 A e = e _ %/5
L (23)x+2 - (22))(-3
53x-6 = 53 e =¢e™ 9" = ~ (32)X = 3_%
3 - 6 =3 230x+2) = 22(x-3) 3§ _
i . X+1=-1 =
-3 3(x + 2) = 2(x - 3) 1 3** =33
X — 3
3IX + 6 = 2x - 6 <= The solution 7 =3 1
-z~ The solution _ . set is -2} =73
| X = =12 3
set is §33
2= The solution :

-2 The solution set is Y——

set is $-12} 6
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Usiné Logarithms to Solve 'Exponénfial Equations

~=> Solving by taking logarithm of both sides.

1. Isolate the exponential expression.

2. It the base of the exponent is 10, take the common logarithm of both sides of
the equation. Use the natural logarithm on both sides of the equation for bases
other than 10.

3. Simplify using: lnbx = xlnb or lnex = x or loglox = x.

STUDY TIP

Remember that the natural loga-
rithmic function has a base of e.

4. Solve for the variable.
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Solving Exponential Equations

<2 Solve:

6x = 134 10x = 8000
InSx = [n134 loglox = 098000
xln5 = |n134 xloglo = 1098000
x - 134 5 543 x = 1098000

In5
) . X = 3.903
~=The solution set is <In134>

- In5 -2 The solution set is 1098000.

J
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Solving an Exponential Equation

<2 Solve:
32x-1 = Tx+l In3+1In7
X —
2ln3 —-1In7
In32x-1 = [n7x+!
(2x-1)In3 = (x+1)In7 X = inel = inel ~ 12.1144
InN9 —1In7 Ing
2xln3 - In3 = xIln7 + In7 I
2xln3 - xIn7 = In3 + [n7 In21
~=The solution set is < 9 f

x(2ln3 - In7) = In3 + In7 In =
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Solving Exponential Equations

<= Solve:
ge2x = 16 Sezt+x - 8 = 14
e2x = { S5ez2+x = 22
[nQZX - [nq, eZ+x _ Q
5
2X = q
x = In lne™** = ln%
In 4
X = nt .693 29
2 X+2=In—
5
22

X =1In 2 =~ —0.518
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Solving Exponential Equations

~2= Solve:
2
5(43%x7) - 6 = 15 5(43x-7) = 21 4357 :gl
~=from this point you have a couple of choices.
2 21
log4—1:3x—7 IN4>*"" =|n—
> 5
21
3x = log ﬂ+7 (3x —7)In4 =ln—
4 5 5
21 ( A
( ) (Ing \ lng | ln251
1 el 15 3x =7 = X = -7
X—3\log45+7/ 73| n4 - In4 3| In4
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Quadratic form of the Exp’bnenfidl

~= Some exponential equations are in the form of a quadratic equation.

1. Substitute u for the exponential term (u substitution).

2. Solve the quadratic equation for u.

3. Substitute the exponential for u.

4. Solve for the variable.
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Quadratic form of the Exp’bnenfidl

2= Solve; ex - 8ex+ 7 = 0

let u = ex ex =7 or ex = 1]

Then u? = (ex)2 = e Inex = [n7 X = [n7

e2x - 8ex+ 7 =0 © uwu-8Q +7-=0 or

Inex = Ilnl =0 x =0
uz - 8u + 7 =20

“- - 1) = 0 ~2= The solution set is {0, In7}

u=7o0ru-=1
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Quadratic form of the Exp’bnenfidl

~= Solve: 22x + 2x- 12 =0

Let u = 2x 2% = 3 Or Bremmeil=—
Then u? = (21)? = 22 In2x = |n3 xln2 = In3
22x 4 2x=-12=0 © uw2+u-12-:=0 n3
X = [_2 ~ 1.5850
uz +u-12=20 n ( \
> The soluti et i <ln3>
9 bt

-4

U=3 0ru
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TI-84

<= Grqph y = e2x - 8ex + 7 and find +he Zeros.

2 Set your left Set your right
( I ALC j\/ 2:Zero  boundary by [ELNJIFIELRijboundary by [EUWELP&] Guess? [ENVER]
moving the cursor. moving the cursor.

2> Here IS your problem. I will insist on exact solutions. Your calculator
suggests a zero at about 1.94591.

«2=Calculate In(7)

x> [ expect you to be able to solve both graphically and algebraically.
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Check your Results

~2= Logarithmic expressions are defined only for logs of positive real numbers.

-~ Always check proposed solutions of a logarithmic equation in the original equation.

2= Exclude from the solution set any proposed solution that produces the logarithm of a
negative number or the logarithm of 0 (Extraneous solutions).




Using the Definition of a Logarithm to Solve

Logarithmic Equations

-~ Sometimes you can convert a log equation into an exponential equation that is
easier to solve.

1. Express the equation in the form logsM=x.

2. Use the definition of a log to rewrite the equation in exponential form.

logpM=x = bx=M

3. Solve for the variable.

4. Check proposed solutions in the original equation. Include in the solution set only
values for which M > 0.
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Exar&ple: Solving Logarithmic Eqdm‘ions

~2= Solve:
logz(x-4) = 3 4ln3x = 8
23 = (x-4) In3x = 2
x = 12 ez = 3x
62
log2(12-4) = 3 L. &
3
. . [ 2))
* The solution set is {12}. 4In| 3| < | | = 4Ine? = 4(2) = 8
L L3,

~2=The solution set is \—
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Exar&ple: Solving Logarithmic Eqdm‘ions

<= Solve:

logx + log(x-3) = 1

log5 + log(5-3) = 1

logx(x-3) = 1
log5 + log2 = 1
x(x-3) = 10
logl0 = 1
x2-3x-10 = O

-5 2) =
(x-5)(x+2) = O ~=~The solution set is §53.

X =50r x = -2
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Exar&ple: Solving Logarithmic Eqdm‘ions

~= Solve:
log(5x+1) = log(2x+3) + log2 log2(x-3) + l092(x) - logz(x+2) = 2
( A
x(x —3)
IOS(SX-I-I) = 1092(2)(1-3) log — 2 B -
2\ X+2 (x 8)(x+1)—0
5x+1 = 4x+6 x(x —3) . X = 8 o Tl
X = 5 X +2

log(26) = log(13) + log2 X(X_3):4(X+2)

x“-3x=4x+8 log,5+log,8—1log,10=2
x-7x-8=0

~==The solution set is {5}.




Using the One-to-One Property of Logarithms to

Solve Logarithmic Equations

~2™ Writing the equation as equal logarithms.

1. Express the equation in the form logsM = log:uN.

2. Use the one-to-one property to rewrite the equation without logs.
If logpM = loguN, then M = N.

3. Solve for the variable

4. Check the proposed solutions in the original equation. Include in the solution set
only value from which M>0 and N»>O0.
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Example: Solving a Logarithmic Equation

~2= Solve:
'092(X—1)"°92(X+3):'°92[)1«j
(x-1) . (1
|092\)):+:]’;):|092K%/ v
1 x°-2x-3=0 |092(2)—|092(6)=|°92/%\
X+3 X (x+1)(x—3)=o -

x(x—l):x 3
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Example: Solving a Logarithmic Equation

<2 Solve:
In(x-3) = In(7x-23) - In(x+1)
Tx —23
'”(X—3)='” 1 In(5-3) = In(7(5)-23) - In(5+1)
7x —23 In2 = In12 - |n6
X—3=
X +1
In(4-3) = In(7(4)-23) - In(4+1)
(x-3)(x+1) = 7x-23
xX2-2Xx-3 = 7x-23 Inl = In5 = [nS
X2-9x+20 = O ~=The solution set is §4,53.
(x-5)(x-4) = O X=5 or x=4
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Solving Exponential Equations

“T=Summary

1. Rewrite the equation in the form bm = bn,

* Note; the bases (b) are equal.

Ysx-2 = 82x+3 ) 22(5x-2) = 23(2x+3)

2(5%x-2) = 3(2x+3)

2. Take the In (or log) of both sides of the equation.

62x = 1024 © [n62x = |[n1024

2xlné6 = n1024
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Solving Logarithmic €quations

“T=Summary

1. Rewrite the logarithmic equation in exponential form.
log7(2x-5) = 11 © 7! = 2x-5
2. Simplify the logarithmic equation to logsm = logsn.
Inx + In(2x-1) = In(5x-3) - ln2x

¢

X 5x — 3
In = |n

2x —1 2X




Strategies for Solving Exponential and Logarithmic
Equations

1. Rewrite the original equation 1n a form that allows the use of the
One-to-One Properties of exponential or logarithmic functions.

2. Rewrite an exponential equation 1n logarithmic form and apply the
Inverse Property of logarithmic functions.

3. Rewrite a logarithmic equation 1n exponential form and apply the Inverse
Property of exponential functions.
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Example: Application

== How long, to the nearest tenth of a year, will it take $1000 to grow to $3600 at
8% annual interest compounded quarterly?

CY
A=P|1l+— 6
oy 4t — In3.
/ 08\47‘ In1.02
3600 = 1000 1A °4
\ ) y . llni.é2 16,17
3.6 = (1+.02) 4Inl.0
4t
In3.6 = ln(l.OZ) It will take about 16.2 years

for $1000 to become $3600.

IN3.6 = 4fln(1.02)
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Example: Application

== The percentage of adult height attained by a girl who is x years old can be modeled
by f(x)=62+35l0o9(x-4) where x represents the girl’s age (from 5 to 15) and f(x)
represents the percentage of her adult height. At what age has a girl attained 97%
of her adult height?

f(x)=62+35l09(x-4)
97=62+35l09(x-4)

35=35l09(x-4) She will reach 97% of
1=log(x-4) her height at age 14.
X-4=10

x=14




