/4 , . Solving Logarithmic and Exponential Equations
G4SN Solve by equating exponents

x—3
Solve 4" = <i>

2
SOLUTION
-3
x (1Y L |
4 = B Write original equation.
i 1 .
P& A X3 Rewrite 4 and 5 as powers with
27) = 27) base 2.

22X o=x+3 Power of a power property
Ix=—x + 3 Property of equality for

exponential equations

x=1 Solve for x.

ANSWER The solutionis 1.
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. Solving Logarithmic and Exponential Equations
@ Solve by equating exponents

Check: Check the solution by substituting it into the
original equation.

1-3
4! L < é) Substitute 1 for x.
: <1>2 impli
4 = Simplify.
2
4 =4 Solution checks.
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Solving Logarithmic and Exponential Equations

el ] =) VXe3 i) for Example 1

Solve the equation.

X — 92)6 :27
1. 9% =27""
SOLUTION
92 —p7% ! Write original equation.

92x — (9.3) x—1

(32 )2x: (33))“1 Rewrite 9and 27 as powers with
base 3.
3 = 33 Power of a power property
4x =3x -3 Property of equality for

exponential equations
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Solving Logarithmic and Exponential Equations

eV o] =) 1 V-Xe35 (i) for Example 1

Property of equality for
exponential equations

=3 Solve for x.

ANSWER The solution is — 3.
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Solving Logarithmic and Exponential Equations

U)X 0P for Example 1

Solve the equation.

2. 100”1 =1000%2

SOLUTION

1007**! = 10002 Write original equation.

(107 )7“1 = (10° )3x_2 Rewrite 100and 1000 as powers
with base 10.
14x+2 Ox — 6
(10) = (10 ) Power of a power property
14x +2=9x—-6 Property of equality for

exponential equations
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Solving Logarithmic and Exponential Equations

YY) for Example 1

14 —-9x=-6-2 Property of equality for
exponential equations

S5y=—8 Property of equality for
exponential equations

xX= _—253 Solve for x.

ANSWER The solution is _—§ .
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Solving Logarithmic and Exponential Equations

el ] =) VXe3 i) for Example 1

Solve the equation.

3_x i 5x—-6
3. 81 —<3>

SOLUTION
3-x 1 Sx—6 - . . .
Q1 =3 Write original equation.
(34)3_x =3~ 1)5’“‘6 Rewrite 81 and 1/3 as powers

with base 3.

124 _
3o = 3 Power of a power property

12 —4x =—5x+6 Property of equality for
exponential equations
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Solving Logarithmic and Exponential Equations

eV o] =) 1 V-Xe35 (i) for Example 1

—4x+5x=6-12 Property of equality for
exponential equations

x=-—6 Solve for x.

ANSWER The solutionis -6.
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@ Take a logarithm of each side

Solve 4" =11.
SOLUTION

4% =11
log 44" =log 41

x =log, 11
_log 11

Y~ log4

x &~ 1.73

Solving Logarithmic and Exponential Equations

Write original equation.

Take Iog4 of each side.
log, b*=x

Change-of-base formula

Use a calculator.

ANSWER The solution is about 1.73. Check this in
the original equation.
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. Solving Logarithmic and Exponential Equations
@ Use an exponential model

Cars You are driving on
a hot day when your car
overheats and stops
running. It overheats at
280°F and can be driven
again at 230°F. If » = 0.0048
and it is 80°F outside,how
long (in minutes) do you
have to wait until you can
continue driving?
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Solving Logarithmic and Exponential Equations

ATUITES
%45 =K) Use an exponential model

SOLUTION

T=(TsTg)e "+ Ty Newton’s law of cooling

230 = (280 — 80)e 000487 + 8O gypstitute for 7, T, T and r.

150 = 200¢ 00 Subtract 80 from each side.
0.75 = V00381 Divide each side by 200.
In 0.75 = [n e 0% Take natural log of each side.
—0.2877 ~ — 0.0048¢ Ine* =log. e =x
60~ t Divide each side by — 0.0048.
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. Solving Logarithmic and Exponential Equations
@ Use an exponential model

ANSWER

You have to wait about 60 minutes until you can
continue driving.
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Solvir§ Logarithmic and Exponential Equations

Qelln] o)l Nea [ for Examples 2 and

Solve the equation.

4. 2°=5

SOLUTION
2'=5 Write original equation.

Log, 2 = log, 5 Take log_of each side.
x =log, 5 log, b*=x
_lozs Ch f-base formul

X="log 2 ange-of-base formula
x &~ 2.32 Use a calculator.
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Solvir§ Logarithmic and Exponential Equations

Qelllp]= o) VXoq5(eil) for Examples 2 and

ANSWER The solution is about 2.32. Check this in
the original equation.
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Solvir§ Logarithmic and Exponential Equations

(i8] on R Ve )(e19 for Examples 2 and

Solve the equation.

5. 77=15
SOLUTION
7%= 15 Write original equation.
Log779x =log, 15 Take log_of each side.
9% = log, 15 log, b*=x
gr= 02l Ch f-base formul
X= og 7 ange-of-base formula
x ~0.155 Use a calculator.
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Solvir§ Logarithmic and Exponential Equations

QelU[b] )i 7X31[59) for Examples 2 and

ANSWER The solution is about 0.155. Check this in
the original equation.
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Solvwg Logarithmic and Exponential Equations

Qelln]=pR o)) for Examples 2 and

Solve the equation.
6. 4e 03 7=13

SOLUTION
4e 0% 7 =13
4e 03 =13 +7
4e03x =20
o 03x — 27? _s
log ,e **=log 5
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Solvir§ Logarithmic and Exponential Equations

QelU[b] )i 7X31[59) for Examples 2 and

~03x=In5 Ine* =log. ¢ =x
—03x=1.6094 Divide each side by — 0.3x.
—1.6094
X=""03 ——2.365

ANSWER The solution is about 5.365. Check this in
the original equation.
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(S — . . . Solving Logarithmic and Exponential Equations
CU LN Solve a logarithmic equation

Solve log s(dx —7)=log s(x+3).
SOLUTION

log ((4x —7)=1log Lx+5). wWrite original equation.

dx — T =x+5 Property of equality for
logarithmic equations
3x=T=35 Subtract x from each side.
3x=12 Add 7 to each side.
x=4 Divide each side by 3.
ANSWER The solution is 4.
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. . . Solving Logarithmic and Exponential Equations
@ Solve a logarithmic equation

Check: Check the solution by substituting it into the
original equation.

log 5(4X —7) = log S(X —3) Write original equation.
log (4-4—-7)=1log (4+5)  Substitute 4 for x.

log,9=log .9 v Solution checks.
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/

Solving Logarithmic and Exponential Equations

2G4 EY Exponentiate each side of an equation

Solve log ,(5x - 1)=3

SOLUTION
log 4Ox—-1)=3 Write original equation.
Alog (5x— 1) — 43 Exponentiate each side using
4 base 4.
Sx—1=064 plog.x —
S5x =65 Add 1 to each side.
x=13 Divide each side by 5.

ANSWER The solution is 13.
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Solving Logarithmic and Exponential Equations

v AMDI E £
2G4 EY Exponentiate each side of an equation

Check:log ,(5x — 1) =log (5-13 - 1) = log , 64

Because 4’ = 64, log, 64=3. v

http://lwww.classzone.com/cz/books/algebra_2_ 2011 na/book_home.htm



v ARIDI C R
LV IGEHY Standardized Test Practice

Solving Logarithmic and Exponential Equations

What is (are) the solution(s) of log 2x + log (x — 5) = 22

@R -5,10 B 5
SOLUTION

log 2x+log (x—35)=2

log [2x(x —5)] =2

g [2x(x —5)]

1010 - 10°

2x(x—35) =100

© 10 (D) 5,10

Write original equation.

Product property of logarithms

Exponentiate each side using
base 10.

Distributive property
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. . Solving Logarithmic and Exponential Equations
@ Standardized Test Practice

2x* —10x=100  plog *

=X
2x* —10x—100=0 Write in standard form.
x*—5x-50=0 Divide each side by 2.

x — 10)(x+5=0 Factor.

x=100rx=-35 Zero product property

Check: Check the apparent solutions 10 and — 5 using
algebra or a graph.

Algebra: Substitute 10 and 25 for x in the original
equation.
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. . Solving Logarithmic and Exponential Equations
@ Standardized Test Practice

log 2x +log (x —5) =2 log 2x +log (x —5) =2
log (2-10) +log (10 -5)=2 | log [2(-5)] +log (-5-5) =2
log 20 +log 5 =2 log (—10) +log (-10) =2

log 100 =2 | Because log (-10) is not
defined, -5 is not a
7 =2 v| solution.

So, 10 is a solution.
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Solving Logarithmic and Exponential Equations

DN IHENY Standardized Test Practice

Graph: Graph y=1log 2x +log (x —5) | _

and y =2 in the same coordinate r '
plane. The graphs intersect only . ﬁ

once, when x=10. So, 10 is the | C |
only solution. iereacHe

< 2

ANSWER

The correctanswerisC. (A (B> «C>» (D>
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Solving Logarithmic and Exponential Equations

eV )R N3 (¢ for Examples 4, 5 and 6

Solve the equation. Check for extraneous solutions.

7. In(7x—4)=1n 2x+ 11)

SOLUTION

In (7x—4)=1n (2x + 11) Write original equation.
Property of equality for

Tx—4=2x+11 I : . .
ogarithmic equations
Tx—2x =11-4
5x =15
x =3 Divide each side by 5.

ANSWER The solution is 3.
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Solving Logarithmic and Exponential Equations

QelVI)=DRi N3 (¢) for Examples 4, 5 and 6

Solve the equation. Check for extraneous solutions.

8. log,(x—6)=35

SOLUTION
log J(x—6) =5 Write original equation.
2log 5(x —6) =2 ’ Exponentiate each side using
base 2.
x—6 =32 blogbx =y
¥ =32+6 Add 6 to each side.

x =38
ANSWER The solution is 38.
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Solving Logarithmic and Exponential Equations

Qelllp]=p N VNey (635 for Examples 4, 5 and 6

Solve the equation. Check for extraneous solutions.
9. logSx+log(x—1)=2

SOLUTION
log Sx+log(x—5)=2 Write original equation.
log [Sx(x—1)] =2 Product property of logarithms
Sx(x—1
1010g[ Y= DE 10° Exponentiate each side using

base 10.
S5x(x—1)=100 Distributive property
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Solving Logarithmic and Exponential Equations

QelVI)=DRi N3 (¢) for Examples 4, 5 and 6

XT-Xx= "5 logbx = x
x? —x=20
x*—x-20=0

x*—5x+4x—-20=0
x(x—5)+4(x—-5)=0
(x — 5)(x +4) =() Factor.

x=50rx=-4 Zero product property

Check: Check the apparent solutions 5 and — 4 using
algebra or a graph.
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CLEYSYYSES) for Examplesd,5and 6

Algebra: Substitute — 4 and 5 for x in the original
equation.

logSx+log(x—1)=2 log Sx +log (5x—1)=2

logd(—4)+log(—4-1)=2 log [5(5)] +1log (5(5)—-1)=2

log —20 + log -5 =2 log 25 + log 24 =2
log 100 =2 log 600 =2
2=2VY 27718 =2

ANSWER So,- 4 is a solution.
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Solving Logarithmic and Exponential Equations

QelVI)=DRi N3 (¢) for Examples 4, 5 and 6

Solve the equation. Check for extraneous solutions.
10. log,(x+12) +log x =3

SOLUTION
log (x+12) + log,x =3

log,[(x +12)-x]=3 Exponentiate each side using
base 4.

log ,(x2+ 12 x) =3

4 log ,(x*+12x) — 43

>+ 12x=4
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Solving Logarithmic and Exponential Equations

QelVI)=DRi N3 (¢) for Examples 4, 5 and 6

x>+ 12 x=64
22+ 12x—64=0
x°+16x—4x—-64=0

x(x+4)—-4(x+4)=0

F :
(x — 4)(x +4) = 0 actor

x=40rx=-—4 Zero product property

Check: Check the apparent solutions 4and — 4 using
algebra or a graph.
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CLEYSYYSES) for Examplesd,5and 6

Algebra: Substitute 4 and — 4 for x in the original
equation.

log (4 +12) + log 4=3 log (—4+12)+1log +4=3
log416+log44:3 log ,8 +log ,—4=3
log, 16 +1=3 log,8 —1=3
log ,16 =2 log ,8 =4
log 16 log8 =4

=2 log 4

tog 4 1.9030
1.204 _, 0.6020 = 4

0.6020 '

ANSWER So, 4 is a solution.
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Solving Logarithmic and Exponential Equations
@ Use a logarithmic model

Astronomy The apparent magnitude of a star is a
measure of the brightness of the star as it appears to
observers on Earth. The apparent magnitude M of the
dimmest star that can be seen with a telescope is
given by the function :

M=5logD +2

where D is the diameter (in millimeters) of the
telescope’s objective lens. If a telescope can reveal
stars with a magnitude of 12, what is the diameter of
its objective lens?
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SOLUTION
M=51logD +?2
12=51logD +2
10=51log D
2=log D
10*=10"e?
100=D

AT S S
2G\IIHSWP Use a logarithmic model

Solving Logarithmic and Exponential Equations

Write original equation.

Substitute 12 for M.

Subtract 2 from each side.

Divide each side by 5.

Exponentiate each side using
base 10.

Simplify.

ANSWER The diameter is 100 millimeters.
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Solving Logarithmic and Exponential Equations

Qelllp) SR vNeg (e for Example 7

11. WHAT IF? Use the information from Example 7 to
find the diameter of the objective lens of a telescope
that can reveal stars with a magnitude of 7.

SOLUTION

M=5logD+?2 Write original equation.
7=35logD+?2 Substitute 12 for M.
5=5logD Subtract 2 from each side.
1 =log D Divide each side by 5.
10' = 10™°£P
10=D Simplify.

ANSWER The diameter is 10 millimeters.

http://lwww.classzone.com/cz/books/algebra_2_ 2011 na/book_home.htm



