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Exponential and Logarithmic Equations

THE PRINCIPLE OF
LOGARITHMIC EQUALITY

For any logarithm base @, and for x, y > 0,

| logax = log, y X =Y.

. (If the logarithms, base a, of two expressions are the same, then the

| expressions are the same.) ;

, #

Because calculators can generally find only commen or natural loga-
rithms (without resorting to the change-of-base formula), we usually take the
common or natural logarithm on both sides of the equation.

The principle of logarithmic equality is useful anytime a variable appears
as an exponent.

| EXAMPLE 2 Solve: 5% = 12. i
5 =12 PR j
4 J 115440, 12)
log5*=1logl2  Takingthe common logarithm T x
on both sides /=3
xlog5=1logl2Z  Property2 =
logl12 e, 1.5440
x =2 {cautiont

~ logs e
8 This is not log 42!

This is an exact answer. We cannot simplify further, but we can approximate
using a calculator:

?
r=0812 ) cis.
log5

We can also partially check this answer by finding 5'°%°

513440 =5 12.00078587.

using a calculator:

We get an answer close to 12, due to the rounding. This checks.
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B DXAMPLE 3 Solve: %% = 1500.
We take the natural logarithm on both sides:
%08 = 1500
In %°% = In 1500 Taking In on both sides
log. ™% = In 1500 Definition of natural logarithms
0.06¢ = In 1500 Here we use Property 4: logaa® = k.
In 1500
~ 0.6

We can approximate using a calculator:

In1500 7.3132
= 3
0.06 0.05

== 121.89,

We can also partially check this answer
using a calculator.

CHECK: 2% — 1500
0.06(121.55) ?' 1500

e 73134

1500.269444 TRUE

e

The solution is about 121.89.
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Exponential and Logarithmic Equations

Textbook Exercises:

20, 10°=8.07
X Qq}{felz Log €07

[ Loy o1 |

24. 19 =143

ﬁ@% [qx;: ,(03,(145)
w logy 9 = 169 L43).

X= ME |
lo;,(qu

28. 4e¢™ =10,273

14 013
Zook13
e = :

€7x== 2568.25"
In e’ "i Zon (a808.287)
71X Me_ = -@n (07..5’5?'63'3‘)

— Un (02555}28:)\\;
2 = |

/7

22, e’ =0.83

Loy (€)= O (163)

X X
Ty
X::_ /@r\ C'g/}
26 9¢* =99
X
e = ||

j/néiz;f:
X Un'e

;Qnti
c@ni’z

_.‘_ LY

3. 135-(4.7) =0
/357 = «4.7%
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Using the properties of logs to solve logarithmic equations:

B DAMPLE 6 Solve: logx + log(x — 3) = 1.

Here we have common logarithms. It will help us follow the solution to
first write in the 10's before we obtain a single logarithmic expression on
the left.

logmx -+ logw (x—-3)=1

logio [x(x — 3)] =1 Using Property 1 to obtain a single logarithm
x(x — 3) = 10? Writing an equivalent exponential expression
x?—3x=10
xX¥-3x-10=0
(x+2)(x—5)=0 Factoring
x+2=0 or x—-5=0 Using the principle of zero products
x=-2 or X=2D>
CHeck:  For—2: The number —2 does not check
=y because negative numbers do not
logx + log(x - 3) =1 have logarithms.
log(—-2)+ log(-2-3) 11
For 5: A
lng.r:+log(x—3)='1 . /_,,,.--
log5 + log(5—3) 7 1 T
log5 + log2 : /'/ ==
log(5 * 2) [l 5
log 10 i 10 X
1 TRUE !

¥y =logx + log (x — 3)

The solution is 5.
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56. logs(x +5)+loggx=2 58. log,(x-1+log,(x+1)=3

Qoa X{(x+57 =2
&

X(x+5) =62

X%sx =30

XX =30 =0

(x=24)(%+9) = ©
&j} X==9

/\a)m‘f
LJov K

Onspumans 7 0
X+S
‘_g,ﬁ-g'/\()

60. log,(x +2)~log,(x-1)=1 62.

Xt
b |32] =
{
Xt _d
X T

Xted = 4 x—1)

ﬁcg& [ — X ] =23

3
(X=1)le+1) =&

X% =74
x£q = 0O
(k-3)(x+3) =&
L

&

!
log 2x—1)—log x=2
, ax— | .
log,, |22 ] ==

2
%é,:.l-;/ﬁ
X
2x=) =007
T
ax-1 =100
= 97X



