he 3rd

Exponential and A= = _aa

Logarithmic Ffunctio

Wraba g
“

Chpt

1
.
-




3-4

Chpt

’ -
. . . -~ ‘.
g -
. °
. X =
8 o?




Chpt 3-4

. . .
. .
. F
e o '
- 4 l’
" . P
’ —
.
g ’
L -
.
.
P s Sy i o e SRR IR -
o At 4 et atiey P T e A y . ¥ A 3
i E P 2 IR L2, Ry —,“)4 TN g AR e ;
\ £ o ~ £ G S e r:av’ "f bR i M~ 2
X
Mo e ] Y Ao
. Gt so i : : R e S T A S

- O P T, . 0 AT AT R et ARty & G ey Qe iy [l Wooee Wy I e e B L SUE S Sy, B el g PR R Ly T L

Use logarithms to solve exponential equations. |
~Use the definition of a logarithm to solve logarithmic -equations.

Use the one-to-one property. of logarithms to solve logarithmic
equahons

Solve applied problems involving exponenhal and logarlfhmlc equahons
3/28
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Solving Expnential Equafions

- 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 logarithmic expression, 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.

<= One to one properties
2= Note: In both cases the

-~ ax=ay if and only if x = v. base must be the same

<= lOgaX = lOQaY if and Ol‘llY if % = Y-

. . /28



Solving €xponential Equations by Expressing |

Each Side as a Power of the Same Base

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

1. Rewrite the equation in the form bm = bn,
~7>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 Equations:

<= Solve:
53x-6 = 125 o
§3x-6 = §3 (23)x+2 = (22)x-3
3x - 6 = 3 23(x+2) = 22(x-3)
X = 3 3(x + 2) = 2(x - 3)
3x .|. 6 - 2X = 6
-~ The solution set is $3} x = -2

<= The solution set is §-12}

e G /28
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X+1=-1 3 1
1 32x — 3_5
| | 9X — 3 3
<= The solution set is {-2}% :
2X = ——
3
° M | 1\
= The solution set is =

. 7 /28
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Using Logarithms to Solve Exponential Equation§\=F

~z= 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.

e 3 /28

4. Solve for the variable.
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Solving Exponential Equd‘fions‘

6x = 134 10x = 8000
In5x = |nl134 log10x = (098000
xln5 = [n134 xlog10 = 1098000
x - 134 5 543 x = 1098000
In5
r \ X = 3.903
. : . |In134
== The solution set is - s | -2~ The solution set is 1098000.

e 9 /28
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Solving an Exponential Equafi‘on

<= Solve:

32x-1 = Tx+l

In32x-1 = [n7x+]

(2x-1)In3 = (x+1)In7

2xIn3 - In3 = xIn7 + In7

2xIln3 - xln7 In3 + |n7

x(2Iln3 - Ln7)

In3 + [n7

In3+1In7
X:
2ln3—-1In7
x=_nel 2l o144
In9 —In7 9
ln —
7
. ~ |In21
~2=The solution set is <—9>
ln —
IS

10/28
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Solving Exponential Equd‘fions‘

dex = 16 Se2+x - 8 = 14
e2x = { Sez2+x = 22
Ine2x = [n4 o2 x — ce
5

2x = |n4 - 22

Ine = ln?

X = In—4 ~ .693 29

2 X+2=In—

5

22

x =1|n c 2 = —0.518

e 1 1/ 28
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Solving Exponential ch.ui'\\‘i(ms~

<= Solve:
21
5(43x-7) - 6 = 15 5(43x-7) = 21 4357 — g
~>=from this point you have a couple of choices.
21 21
log, = =3x-7 In4>*"" = |n—
= 5
21
3leog4ﬂ_|_7 (3X—7)ln4:lng
5 ( \
21 21
o \ (ln21 \ lng 1 '”;
_1 el _ly 5 3Ix — 1 = X == -/
=395 XT3 e In4 3| In4
\ J \ J




*

Quadratic form of the Exponénfial

-~ 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 Exponénfial

-2 Solve: e - 8ex+ 7 = 0

Let u = ex ex = 7 or ex = 1

Then uz2 = (ex)2 = e2x lnex = In7 x = In7

e2x - 8ex+ 7 =0 © uwu-8Q +7-=0 or

lnex = lnl =0 x=0
uz - 8u +7 =20

@-Ta-1) =0 ~2= The solution set is §0, In7}

u=7o0ru-=1
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Quadratic form of the Exponénfial

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

Le* u = 2X 2)( - 3 Or b et e
Then uz = (292 = 2= In2x = In3 xIn2 = [n3
22x 4 2x-12=0 © wW+u-12-=0 3
X = |_2 ~ 1.5850
w+u-12=0 n ( \
in3

<2~ The solution set is -

(U-3)u+4)=0 In2




== Graph y = e2x - 8ex + 7 and find the zeros.

Set your left Set your right
QCALCJV 2:7ero boundary by (503 boundary by (ENTER [P d ENTERY
moving the cursor. moving the cursor.

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

~2>Calculate In(7)

2= You must be able to solve both graphically and algebraically.

N | 6/ 28
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Check your Results

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

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

-7 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

-~z 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.

N | 5/ 28
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Example: Solving Logarifhmic \Equm‘ions*

~2 Solve:
l09s(x-4) = 3 4ln3x = 8
23 - (x_q) ll‘l3X - 2
X = 12 ez = 3x
eZ
1092(12-4) = 3 X = R
3
. . [ 2
* The solution set is §12}. 41n| 3| £ | |= 4Ine? = 4(2) = 8
sy
fez\
~2>The solution set is <?>

e 19/ 28
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~2= Solve:

logx + log(x-3) = 1 \ e laale2a3) o
logx(x-3) = 1 log5 + log(5-3) = 1
1095 + log2 =1
x(x-3) = 10 g
loglO = 1
X2-3x-10 = O

(x-5)(x+2) = O ~=~The solution set is {53.
X =50r x = -2

20/28



Solving Logarifthmic \Equm‘ions*

~2= Solve:
log(5x+1) = log(2x+3) + log2 l092(x-3) + l092(x) - l092(x+2) = 2
( )
x(x —3)
5x+1) = 2(2x+3 lo =2 B
log(5x+1) = log2(2x+3) 92\ x+2 (x—8)(x+1)—0
Sx+1 = 4x+6 X(x-3) _, X =8 or X==1
x = 5 X +2
log(26) = log(13) + log2 X(X_3):4(X+2)

x°—3x=4x+8 log,5+log,8—log,10 =2

-2=The solution set is {53. x°—-T7x-8=0

e 2 1/ 28



Using the One-to-One Property of Logarifhmé

to Solve Logarithmic Equations

<2 Writing the equation as equal logarithms.

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

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 form which M>0 and N»>O.

5 /7,28
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~2= Solve:

'092(X—1)"°9z(“3):'°92[£
() (1"
|092\))((_|_:13):|092\%) s
x-1_1 X m2xm320 og, (2)~log, (6) = log, K%\
xX+3 X (X+1)(X_3):O h

X(x—l):x 3
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Example: Solving a Logdrithmic Equation

< Solve:
In(x-3) = In(7x-23) - In(x+1)
Tx —23
n(x-3)=In="— In(5-3) = n(7(5)-23) - In(5+1)
7x — 23 In2 = In12 - |né6
X—3=
X +1

In(4-3) = In(7(¢4)-23) - In(4+1)
(x-3)(x+1) = 7x-23

X2-2x-3 = 7x-23

Inl = LnS - nS

X2-9%x+20 = O ~2=The solution set is §4,53.

(x-5)(x-4) = O X=5 or x=4

e 24/ 28
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Solving Exponential Equd‘fions‘

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 © [né2x = [n1024
2xln6 = |n1024

N 25/ 28



*

Solving Logarithmic Equ&fionsk

1. Rewrite the logarithmic equation in exponential form.
log7(2x-5) = 11 © 71 = 2x-5
2. Simplify the logarithmic equation to logsm = logsn.
Inx + In(2x-1) = In(5x-3) - [n2x

¢

X 5x — 3
= |n
2x —1 2X

In

N 26/ 28



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 in 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.

5 7/ 28
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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?

( r\nf
A=P|1 6
ury 4 — In 3.
/ 08\“ In1.02
3600 = 1000/ 11 °4
\ ) / f = 'l”?'éz ~16.17
3.6 = (1 + .02) 4Inl.0
4t
In3.6 = 10(1-02) It will take about 16.2 years

1000 to b 3600.
In3.6 = 4fln(1.02) for 3 o become $36

e 25/ 28



