8.1 Understanding Logarithms

Using the log key on your calculator, determine the following:

1) log1l log 10 log 100 log 1000 log 10000
) log & g l g 2. g 3 g L_{.

2) log1l - log 0.1 . log 0.01 2 log 0.001 __3 log 0.0001 — L.|
3) log 0.126 log 1.26 log 12.6 log 126 log 1260
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4) logl log 2 log 3 log 4 log 5
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5) log0 log (1) log (—2) log (—3) log (—10)
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What conclusions can you make about the log operation? What patterns do you observe?
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In general, we can say that log A =B means \O = A

Thus log 1000 = 3 because \O = 1060

log 0.0000000001 =__— |0 because _ O - (O.0D00 00® OQO )

3 .
log2= (.23 because QO :c;l_

The logarithms above are sometimes called common logarithms because they have a base of 10. In
practice, if the base is 10, we do not write it down. Thus log A really means log,, A. The base of the

logarithm is not limited to 10, and can be defined with any positive base.

What is log,32?  This is read \oq babe ) Of’ 2) L and means
to find what power of 2 gives 32. Or in other words, the equations _
l09,32:=5
log,32=A and 24 =32 are asking the same thing.
Logarithmic form Exponential form

So, 3=1l0g,8 means the same as \C‘gl_ &=3

Thus log, 8 is the exponent necessary in order to write 8 as a power of c;l . Similarly,
log, 81is the exponent necessary in order to write 8\ asapowerof 3 .



More generally, log, x is the exponent necessary in order to write X asa power of Qn .

In general, y =log, X is the exponent necessary in order to write X as a power of a, .
Alternately, y is the exponent you need on a base of a to give an answer of x

a’= %

Always remember: a logarithm is an Q)CPOY')BH 'k .

Exponential Form

Equations written in exponential form can also be written in logarithmic form and vice versa.

Logarithmic Form

B cantie)
A=B*
B0

= log, A=X

v/ ./ S/
Restrictions: B>0, B#1, A>0

It is extremely important to be aware of the restrictions on the above statement. ‘08 Sq = CQ_,

Convert to exponential form: Convert to logarithmic form:
log, x="b = O,b = X a“=b S [ofja,b = C
log, x=9 = 351 = X 5°" =8 = 108 8"‘3“’\
o
Examples

(D) Express 5%=625 in logarithmic form

log_ 625 =4

(2) Express log,81=4

3" - 8|

in exponential form.

@ Express 4~ =6—14 in logarithmic form.

log, 5i = -3

5) Evaluate Iogex/é Sy

4) Evaluate log,3’: x
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7) Evaluate : log, B =\

6) Rewrite y =2 as a logarithmic statement.

109,Y = X

log, B” -
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8) Determine log,1 = O 9) log, 0= Aoh ?085"5‘&
(o] ® . o X
_ O thece & 1
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10) Determine x if log, x=-5 11) log,(-16) =%
%= - 2= mot possitle.
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14) Determine x if log, 36 =2 ot = 15) Determine x if Iogzg_.l_Z_E.S:x \
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X =36 %= g, =% 7" & =8
[x=3]
16) log, (log,16) 17) Iogg(logz(logcl’og))
09,2 - | log, (log,( & )
18) Iogloo.4197 — L“lc}'?_ Iog3 317: l"q_ |Ogg 90.123 — O’ }23
10 L] b
log,c = b
19) 10Iog100: ‘OO 2I09232: 3&- 7Iog749: L‘I“q
109, _
Q. = b

Example 2. The formula for the Richter magnitude, M, of an earthquake is M = Iogi, where A isthe

amplitude of the ground motion and A, is the amplitude of a standard earthquake. (A “standard”

earthquake has amplitude of 1 micron and a magnitude of 0). The largest measured earthquake struck
Chile in 1960, and measured 9.5 on the Richter scale. How many times as great was the seismic shaking
on the Chilean earthquake than the 1949 Haida Gwaii earthquake, which had a magnitude of 8.1 on the
Richter scale?

Chhile Qc»r\’r»qruo\ke. - 9.9
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The relationship between exponential and logarithmic functions can be seen by looking at y =2 and
x=2" (This is the inverse of y =2, and can also be written in logarithmic formas y =log, x)

y=2" x=2' or y-=log, X
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Exponential Function

y=2"
Domain % ¢ rR
Range 3 >0

Asymptote v/ = O

f

V.
Y
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Asymptote X=0

Logarithmic Function
y =log, X

Domain X > O

Range Vv €7k,

In general, we can then say that the inverse of the exponential function y =a” (a >0,a ;tl) is x=a’ or,

in logarithmic form, y =log, x. Thus the inverse of y=3"is Y= l
x ' -3 i
y=logXx is \]1 = 1O . Give the properties of the graphs of logarithmic functions graphed below.
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