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In the previous section, some "patterns™ of logarithmic

numbers emerged. These are the properties or laws of logarithms,

and they can be proven by using the laws of exponents and the

definition of the logarithm:

S —
 DEFINITION OF LOGARITHM
¥Y¥=1log X = b =X
 assuming that b>0, b#1, and X>0.

LiWS of WAMHMS

I. logy, M -N = 1log, M + lang
. log, = = log, M - lﬂgﬁ,N

m. log, MY = N laghM

PROOF: I. logy, MN = log, M + log, MW
Lat XE=log, M, T = ¢199 B, £ = log, MN

By definition: b* = M, Y = W, bE = MW

M- N = MN

lra:‘L * b* = b¥

b = p*

X + b = =
-~ log, M + leg, W = leog, MH



The first law says that when you take the log of a product,
logy, MW, vyou add logarithms, log, M + leg, N. This is like
the law of expconents which says "when you multiply with the same
bagse number, you add the exponents.®

Law II is similar to Law I. It should be clear that, if,
when you take the log of a produoet you add logarithms, then, if
you take the log of a guotient, you must subtract logarithms,

That is, log, -"ﬁ = log, M - log, N . This is like the law of

exponents that says, "When you divide with the same base number,
vou subtract The exponents.”

Law III i= an extension of Law I.

Given: log, M-N = log, M + 1log, H
—_ log, MM = log, M + log, M
= 2 log, M
= logy, M-M-M = log, M + log, M + log, M
= 3 log, M

In general, log, M = =N log, M
This third law has several specific applications:

Given: log, M' = =« N log, M

i
1. l{:gbﬁ=lﬂgaii=-1*1-:ug,1'

[ 4]

1
2. log, yX - log, X7 = 1log, X

tad

1
3. lug,';-"I=lﬂg,I" =%1ng,.l'

4. log, -.jf = log, X' = -1-1log, X or - log, X
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It iz wery important to know the basic definition of logarithms
[Section 4.01) and the laws of logarithms and to pracgtice using
them., It is important to recognize the laws of logarithms
Phackwards" and "forward." First, the "forward"™ practice.

In each of the following, expand according to laws of logarithms
toc express as a sum/difference of logs:

1. log, ¥°¥? = log, X° + log, ¥~

= logy, X + log, Y

2. log, X*2° =

Y
3. lag, ? = logy = logy
=  logy = _ logy
Z
4 log, % =
.:,"r-l
5 log, — =
/T
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N

X3y?

XY3
22

Xd.

= log, X! - [log, + log,, )1

Y?
X4Zz2
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13.

14,

15.

16.

17.

18.

log,

log,

X ¥

T
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It is also frequently necessary to recognize the laws of
logarithms in "reverse."

That is, given a sum or difference of
logarithms, you must express this as a single log.
19. 2 logy, X + 3 log, Y = log, X% + log,, Y3
= logy,
20. 4 log, Y + 2 log, X =
21. 2 log, X + * log, Y - 7 log, Z
22. % logy, ¥ + 2 log, Z - 4 log, X
23. 2 logy, X - 4 logy, Y + log, Z
24. 2 log, X -

log, Y + 4 log, Z
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25,

26.

27,

28.

29,

30.

3 log, X - ¥ log, ¥ - 2 log, &

logy, X - log, ¥ = log, 2

log, X - 2 [ log, Y + log, Z ]
[Hint: Distribute the 2!]

logy, X - 2 [ leg, Y + 3 log, 2 ]

2 log, X -3 [ log, 2 - 2 logy Y |

e logy, X - 5 [ log, ¥ - log, Z ]
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31. % log, (5X+3) - 2 [ log, (X+2) + log, (3X+1) ]

32. 4 logy, (X-1) - 3 [ log, (X+1) - log, (X°+1) 1]

Use the definition of logarithms (i.e., convert to exponential
form) to simplify the following. You will probably notice a
major concept--tha relaticonship between "log base bB" and "b
raised to a powar"--that will allow you to simplify in one step.

33. logy b = 34. log, b’ =
Let logy, b = X and find X. Let log, b° = X
B = b BY o b2
X = =
35. leg, b= 36. log, 4B -

37, log, —

b'l —

I}
[Fi]
ad
'—l
]

L=}
=1
|
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39,

41 .

43,

45,

47,

49,

51,

5.

logy 25 =

L
Llog, 5

log, 0.

log, 1

ln e*

ln e® =

.ul

42

dd.

46,

50.

'EEI
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In &% =

In e =



Use the laws of logarithms to expand as a sum or difference of
logarithms. Simplify where possible. [Hint: Hemember, there
are no laws of logarithme deallng with log (XE+¥), log (X-¥), or
{ln X)". |

1 =i
55, log, “bf - log, @ + log, ¢4 - log, B [Hint: See $#34.)
= + -
al bt
56. Loy pr
2
57.  Log, _EEE -

59.  lag, "_Eﬂ -
§0. log, 3_’5:5 -

al8



61.

62.

63,

4.

a5,

=118

Lag,

log,

Lo,

log,

1og,

EF Y-

125 45 =
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ANSWERS -- 4.03
4.03 p.5N-€19:
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