Problems| Chapter 12_Logarithms
Solved Solving Exponential and Logarithmic Equations

Here we will make use of what we have learned about exponentials and logarithms to
solve equations.

One-to-One Property of Exponential Functions —
If b" =b" then n=m

We may make use of the above property if we are able to express both sides of the
equation in terms of the same base as shown here.

Recall the rule of exponent
Solve 532 =125 (Xn)m —xm

5% = ja5
53x-2 = (53)2"'

531_3 = 5 o N Step 1: Express both sides in
terms of the same base.

Step 2: Equate the —> 3x-2=6x
exponents. —2=3x
- -2 Step 3: Solve for the
X 3 — variable.
A. Solve
2 =8 32*? =64 100" =1000>*
32"7% = ¢y /00 = j000%*"!
252 (25) %= a¢ (102)* = (103)**"'
- ~/o x=3
gﬁ'xr ‘;2‘ /03"’ /06
CQ)(:‘Q?
y=3 Sx-/o0 =6 Ax = éx-3
Sx = /6 -4Yx ==-3
X: 1'65_ X = %

81* =972 4> =64 36" =216"°
B =g Y gy 36% = g16%°%
(72)7%=97%* g2l < 43 (6= (63)?

?-2,( =?-x-z. gé’x = 63x-9

22X~/ =3

-Zx = ~X-2 2% =4 ax = 3x-9

-X =-2 —X=-9
X=2
X=a X=9q
12.4 -
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Chapter 12_Logarithms Solving Exponential and Logarithmic Equations

It is not always the case that we will be able to express both sides of an equation in terms
of the same base. For this reason we will make use of the following property.

One-to-One Property of Logarithmic Functions— Forall realb, b>0 and b #1
log, x=1log, y ifandonlyif x=y

Solve 3% =10
3011-.* = J0
— /og (3‘”-‘) = /03 (r0)

(@x-1) 1033 = foa(;o) <= | Step 2: Apply the power
rule for logarithms.

Step 1: Take the common
log of both sides.

(2x- J) J%é lo (IO)
!03 Z
Step 3: Solve for the — ax-| = L
variable. log 3
Ax= |+ ;033
_ oLy L
Exact Answer | = X = 2 Alog 3 Approximate answer
X% /.55 <= | rounded off to the nearest
hundredth.
B. Solve
7% =5 e* =1 e*® =150
¢ Al i e ¢ =150
Jog?gx'*h’;f < = [,Zn. ln € = n 50
= 2nl
3x-la3?=a’035' (X-6)- 2 € = _bn)50
R -X-ne = bnl
it bl _ X-6 = Lniso
3log7 “Kel =0 _
X= 6+ 150
=0
X% .A757 X% [/.0/06
2-10* =-28 5(0.3)*%* =30 243273 =10
5¢.3)*=30 2+37 = 10
g-10% = -28 il 3#7 = 38
.-/Dx = .-30 ('3) il é ,l"ﬂ ‘—5?.!(-3 _ / 8
% =3 log (-3)x-z=/oj /A 3 °
y 70 . /O_j'o (x-2) }05 .3 =logé (zx-3) }"3['?; =8/°3 4
02)/'9 ) ';5 AL }fogi Ax-3 = /—iogg
X oj}o = 0;30 od- _ Joa 8
ax =3+ 7-‘9“
X "10330 X = z+7/fé§ s ?3‘&
_ 03
X% 1477/ i X= 3+ Zlgs3
X o LIS ped
X = 24969
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When solving exponential equations and using the above pro
choose the common logarithm unless the equation involves e
there is a button for them on the calculator. But certainly we

cess the rule of thumb is to
. We choose these because
could use any base we wish;

this is the basis for the derivation of the change of base formula.

log, x
Prove log, X = 109, X
log, b
= logq X
Step 1: Apply the definition d 3o
of the logarithm. — b?* = x

Step 3: Apply the power | — Y- loga b = 10gax
rule for logarithms.

it lo&mx
1092 b

logao? = log,x <= | alog of both sides.

Step 2: Take the base

Step 4: Solve for y.

_ Jogax
Se Iogbx = T;‘a:g

For the last step simply
equate the equivalent forms
of y above.

We can also use the one-to-one property for logarithms to solve logarithmic equations. If
we are given an equation with a logarithm of the same base on both sides we may simply

equate the arguments.

log,; 2+ 2log, x =log,(7x —3)

Step 1: Use the rules for

on both sides of the equation.

Ax: = -3 (=
Ax*~F+3 =0

/03352 +é~"iogax = Iogs(yx-z)
logsa + logsX* = chaf?xﬁ)
logarithms to isolate a log — }933(51,(2) = ;033 (?x—s)

Step 2: Equate the
arguments.

(ax—-1Xx=3) =0
Ax-]1=0 o” X-3=0

2x =1
Step 3: Solveforthe | —  y =1, X=3 v

variable.
solution set 5}3133

Be sure to check to see if the solutions that we obtain
solve the original logarithmic equation. In this manual
we will put a check mark next to the solution after we
determine that it really does solve the equation. This
process sometimes results in extraneous solutions so
we must check our answers.

Step 4: We must check to see if they work.
Check X= /ot -
logs2 + &logy(2) = logs (#+5-3)
logs 2 + Jo(?}(é)’—.'_ log; (%)

1033(3"“}) = Iojs{é)
)'033 ‘,L,) = .'OJ, (%) -

check x=3: ,
logs2+ 8169, (3) = log, (7.3-3)
log @ + log3” = Jogs (1%)
/oG5 (3-9) =/ogs(1€)
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Solving Exponential and Logarithmic Equations

C. Solve
log, (3x) =log, (2x+7) 2Inx=1In25
Rl X = Ln 25
S x? = Gngs
/ = /
932(3?() OJ‘;/A’X*?‘) X*= 25
BX'—'CQX"'? X=-5 21 X=5
X = F exdranecus
7
check: foj‘a(.?'?)g/bjz(g'?i“?) check X=5: gzbsi:ﬁ,;f/
/e = / 21) Lo 7
%2 (21) = 177 { check X=~8' RLonf-s)=bn2s
Ungelured™S

Solution Set é'r'g

dﬂer&éfe Cxdrancons

Solutiom set 353

In(2x+10) =2In2

log, 5+log, x =log, (x + 20)

Lnl2x+10) = Ab02
n (Zeto) = 42"

zx+/0 = 4
Ax=-6

X=-3 —
Check: x=-3

Lo (2(-3)+/0) g&ﬁnﬂ
Y = on2t —
Soluton Set §-33

/09,5 + [ogaXx = loga(x+20)
/0(?;(6'x) = /ocja(x-;ze)
Sx = X+20
“4x = zo
X=5 v
Chesk: ogy 8+ /ggus = logy(5+20)
/292(5°5) = loga (25)
/094 (35) = Jogsles7) =
Solutron Set 353

log(x+1) + log(x—1) = log8

log; x +log. (x —3) = log, 10

/og(,m) + Joglx-1) = log ¥
/og I XH-1) = /o; g
fo5(x*1) = /o5 &

X'/ = €
x* =19

\iv_? orR X =3«
extra eous

Soluton Set 533

JogsX +[og5(%-3) = 09570
logs x(x-3) =/gys/0
XZ-3x =/0
X*=3x-/0 =0
(X +2Xx-5)=0
X+42=0 oa X-5 =0

}(\KZ X=85
€x neou>

Solaton Set $55%

Of course, equations like these are very special. Most of the problems that we will
encounter will not have a logarithm on both sides, as with the next set.

Problems Solved!

124 -4




Chapter 12_Logarithms

Solving Exponential and Logarithmic Equations

If the answer to our logarithmic equation makes the argument of it negative then it is
extraneous. This does not preclude negative answers. We must be sure to check all of our

solutions.

log, x+log,(x—4) =5

Step 1: Use the rules for
logarithms to isolate a log..

/paqé,x + /ogg(/\’ﬂ/) =5
/&692 X(x-4) _= &

= g e

X*-4x =a%
X*-4x =32
X=yYx-32=0
(x - x+4)=0

Y-8=0 or X+4=0

Step 3: Solve for the
variable.

— X=8v X=-Y9

extranedbus

Soluhon set 3 9€

Step 2: Apply the definition of the
logarithm and change it to an
exponential equation.

Tip: Not all negative solutions are extraneous! Look at the
following problems and we can see that some have negative answers.

Step 4: We must check to see if
the solutions work.

Check: x =% ”
/0328 + /ogz(e-y) =5
/6g,(3-%) Zs5

/c:j;,aﬂ =5
Check x=-¢ 2
logs9+164,(-4-4) =5
Iotﬂz—t;;-p /09,(-8) %S
unoefned 2

D. Solve
log, (2x+6) =2 log(2x+30) =1
log, (2x+6) =2
log(2x+30) =/
Px+é=6"° 2 30) /
2x+30 = /0
Ax+6 =36
XAx = 20
Ax = 30 e
X=15 Ll x= ;o
So " -/
Soluton Set fffz uron Se 2 02
In(x*> —4) =0 09,4 (x +1) =3
z_ = =__l
P (x*-4) =0 /00@?(14-/) 2;
xX*-4 =e° X+1 = 49%
X X+1 = VAT
et X+1=7
X = Iy/-s—" )(_—.-.6 "
Solution Set i*d’&l (?g Jafu#;én set fé_g

The check mark indicates that we actually plugged the answers in to see that they do
indeed solve the original. Please do not skip this step, extraneous solutions occur often.
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Solving Exponential and Logarithmic Equations

log, (15x-1)—log,(x-1) =4 Inx—In(x-1) =1
y J X -~ rn(x-1) =1
ﬂji;ﬂéi-_:/oj:(x 1) ,&'L/,T_)T(T) iy
2 Ux=7 X
ISX=1 _ 4 X-1
X1 X =elx-1)
15x-1 = 16(x-1) cex-e
15x~-1 =/bx-/6 Y-ex =-€
- X = /5 K(1-e)=-¢
X =15 « X = .;__%_.: ée}: o

Soluton Set 515;

Soluton Set § g3

log, x+log,(x—-12) =3

log, x+log (2x—-9) =1

JogyX + log,(x-12) =3
/ﬂj,{ X(X~12) =3
X(x-12) =47
X:-12x = 64

X&12x—6Y =0

(X+4Yx~16) =0

X+Yy=0 oa X-/é=o0O

-y X=/b
extrageocus

Solution Set ?/65

/0(}53( + Iogs(8x-9) = |
/OJIX(&X-?J =/
X(2x-9) =5’

AX*—9x -5 =0©
x+1Xx -5) =0

HX+=0 6@ X~-%5 =—o

2x =~/ X785 o
_.-/z_
€ x4rg S

SDIuJibn 5€£ §5‘§

2log(11x —12) +1=3

log, x =1-1log,(x—-1)

8 log(1lx~12)+] = 3
a log(f!x—fa) =3
Iog(f/x—m) =]
Hx-12 =70’
//x =22
X =32 v—

Solution set 723

}o&x = /- leg, (x~1)
/Dgéx 1"/0;6()(-;) =/
/a;‘ X(x-1) =1

x(xX-1) = &'
X*-x—& =o
(X +3X% = 3)=0
X+2=0 ©oRk X-3=0

X == X=3 ¢«
Eufraneons

5&.’(1-}!;)/1 set 53}

Be sure to check all solutions to logarithmic equations because some might be extraneous!
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