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Déja Vu, It's Algebra 2!

Lesson 19
Properties of Logarithms

Remember this very important Theorem. Because
logarithms and exponentiation are INVERSE
operations of each other, we can convert between
log and exponential equations:

y:bx{:)logby:x

b>0,b#1

Two usual choices for our base, b.
e 10
0 known as the common base
0 log,q x =log x, the common log

0 Found on the calculator

o &~ 2.718281828...
0 known as the natural base

0 log, x =Inx, the natural log
0 Found on the calculator
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The Four Basic Properties of Logs

1. log, x +log, ¢ =log, xy condense
Example: expond
log10 +10g 1000 =

log10 + 1091000 =log (10+1000)
log,q 10 +log,, 10° = l0g10000

1+ 3 =log,, 10*
4=4

Because

log10000 = log(10'+10%) = log(10™"

) =log,, 10* =4

X condense
2. log, x—log, ¥ =log, | —
Yy expaond

AN
N

Example:

32
log, 32 -log, 4 =log, (Tj

log, 2° - log, 2% = log, 8
5-2=log, 2*
3=3

5
32 2 _
Because log10000 = log, (T) =log, (—2] =log, 2° % =log, 2% =3
2
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3. logx” = nlogx

expand
Example: < 2
3 condense
In(z ) =
In(23):3ln2 1R
In8 =3(0.693147 - E- EFIElq'q'lSq'E
2.07944...=2.07944... 1|"||:._ ::IE EFE‘I'-.I-I'-.l-lSI'-.I-E
4. The Change of Base formula
log . x
log, x = Ia ,a>1,a+0
log, b
Example:
logg 27 = 1nCE7 I~ 1heS)
logg 27 = 1 " 5
° 10927 2-1oac30
log; 27 _ log, 33 :3:1.5 1 - 5
log39  log, 32 2 N
. 1n{ 272
e =1 R Lo e oy
log 2y
or 1.431363754
Iogz7:1'5
log9
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Example:
Expand the following logarithmic expression:

3x2
ln 3 4 = IN3+2Inx-IN2-3Iny —4Inz
2y~ 2

Example:
Condense the following logarithmic expression:

2log(3x)—3logy +log2+2logx —4logz =

2
Iog(3x) —log y3 +log2 +log x? —log z4

(9*2)<2>(X2)J

=log

(°)(=*)

18)(4 }
=log

Yy z
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Summary

Properties of logs
Expand S ¢ Condense

1. log, xyz=log, x +log, y +log, z
X

2. log, — =log, x—log, y —log, z
Yz

3. log, x" = nlog, x
(Bases MUST be the same to expand/condense)

To change to any base of choice:

log  x

4. log, x = 99g X
log, b

Common Errors:
1. IOg(X + y) =+ Iogx + IOQy log(10+100) =log 110 = 2.041

#log10+log100=1+2=3

2. log(xy) # (Iog x) (log y) log (10+100) = log 1000 = 3

#log10:l0g100 =12 =2

3. log (Xj * log x '09(1?—o°j=log1o=1

% Iogy Jlogioo _2

log10 1
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Déja RE-Vu
Seismologists use the Richter
scale to express the energy, or
magnitude, of an earthquake.
The Richter magnitude of an
earthquake, M is related to
the energy released in ergs £
shown by the formula

M:2Iog( £ j
3 1011.8

Because the Richter scale is logarithmic, an increase
of 1 corresponds to a release of 10 times as much

energy. An increase of 2 is 102 =100 times stronger

The tsunami that devastated parts of Asia in
December 2004 was spawned by an earthquake
with magnitude 9.3.

How many times as much energy did this
earthquake release compared to the 6.9-magnitude
earthquake that struck San Francisco in 1989?
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We need to find the E for both magnitudes.

For Asian earthquake:

93—2| £
T3 = 1018

13.95 = Iog[ £ J
1018

E
101395 _ —
10

E— (1013.95 ) (1011.8 )

E =107 ~ 5.623x10% ergs
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For San Francisco earthquake:

69—2| £
2 =399 s

10
E
10.35 = log e
10™
E
101935 _

1 011.8

E— (1010.35 )(1011.8 )

E =107 ~1.413x10% ergs

To figure out how many time stronger the Asian earthquake is, we divide the two
values, which is the same as subtracting their exponents.

1 o25.75

1 o22.15

_ 1025.75—22.15 _ 103.6 ~ 3981

So the earthquake that spawned the tsunami was almost 4000 times stronger that

than the SF earthquake!!!!
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