¢.¢ PROPERTIES OF LOGARITHMS

By Mrs. Trebat

The laws of |0garithms are Closely related tO the laws Of exponents
because the |ogarithmiC function y = log, x and the exponential

function y = a* are inverses. Lets see...

[Laws Of [ ogarithms
Suppose that log, M = x and log, N = y. Verify each of
these laws and give ah example to illustrate (M, N,a >0, a # 1)

1) log, M- N =log, M+ log, N (The log of a product = product of logs)

log,32 = log,4 + log,8
5=2+3

M
2) log, N log, M — log, N (iog of a quotient = difference of (ogs)

27
loggg = log327 — log;9
1=3-2

3) log, M* = k - log, M., for any real number K.
log,2° = 6log,2

3—61
)

# log, M =log, N < M = N (Equality of Logs)
log;27 = log;27

Furthermore...

5) log, a* = _«k and 6 @°%* = _



i
Lets try a few... ﬂ?ﬁﬂﬂuﬁ

Write as a rational nhumber, if possible, Or as a Single |ogarithm.
7) logs; 2 + logs; 3 + log; 4 =logs24

8) log, 8 + log, 6 — log, 3 =log,16 = 4

9) %/0969 + log, 12 =10g.36 =2

10) log, 48 — %Iog2 27 =log,16 = 4

1) 2log; 6 — 2log; 2 =l0g;9 =2

A*B?
c3

12) log A+ 2logB — 3log € =log

1
(MNP)2
P

13) %(Iog M +log N - log P)=log

19) %(2 log M — log N — log p): log (sz:ﬁ

N
Find the value of X. (Use a CalCulator here...)

15) log X = 5.7419=551,950.33  16) log X = 0.7332 — 2=.0541
EXpress y in terms of X:

17) log y = 2log xy=x’ 18) logy =log4 —2log xy = (%)2

19) logy = —log x 20) log y = 2log x + log 2
Y=1/% y=2x%



Iflogs 3 =a and logy 5 = b, express the given logarithm in terms of
a and b.

21) logg 75 a+2b 22) logg 2252a+2b 23) logg 0.12
.12=3/25=>3-2b
Solve.

29) log , (x + 2) + log, 5 = 4108,5(x+2)=¢=>2"=5%+10=>16=5%+10=>X=6/5

25) log; x + log; (x — 2) = 1/0g:%(%-2)=1=>3'=x>2%=>0= X>2%-3=>%X=3

CHANGE OF BASES

gome exponential equations Cah be easily solved without a CalCulator by
Cchanging both sides of the equation to the Ssame base. For example,

Solve the equation 92¢ = 333 (39)=3*3¥2=3¥2=>¢x=3(2=>X=3/8

Others cannot be easily expressed as powers Of the same base. These
equations require that you take logarithms of both sides. You Cah use
any base |0g, but base 10 and base e are the most useful because they are
available in your [c=|. [et’s try to solve a few... Express ahswers

correCt t0 3 deCim@liplaces. (hote: no graphiCal solution acCepted
here...)

26 3° = 12117;—132 —x = 2.262 27) 4 = 20121—240 —x = 2161

28) €® =3 In3=.05t=>22.972  29) 30(5)* = 120 = x = 861

30) e* ! = 3 %=2.099 3 Inx +In(x +3)=1In10
x% 4+ 3x =10 X=-50r 2=> X=2



32) The Value of a hew $30,000 Car deprecCiates 30% per Year. What is its
value after 3 Years? (use the continuous growth/decay formula).
30,000*.7°=10,290 or 30,000e"%¢7t=10,390

33) A radioacCtive element has a half-life(x) Of 6 years. If you have 10 kg
Of the element how, how much Will be left after 2 years?
.5=e" In(.5)=r6 =-.1155

10e 155229 937 kg or 10*.55%=7.937

*) Half-life means that it takes 6 Years for the element to deCay to half
or 50% Of the origihal amount.

3¢) A $10,000 CertifiCate Of deposit at a Certain bank will double in Value
in 9 years (those good old days...). ASsuming a contihuous exponential model,
(i) Find the ahhual rate of interest; (ii) Give a formula for the
aCCumulated amount t Years after the investment is made, and (iii) how
long does it take fOor the money to triple ih Value?

i) 2=(1+1)°=>2°-1=.0801% ii) 20,000(2.0801)'=TV Or 10,000%€°77*=TV

iii) 3=e977* =>14.2647

Last but not |least...

The CHANGE OF BASE fortmula enables you to find the |0garithm Of a
humber in ohe base if 108s in a different base are kKhown.

log, ¢ = 22 €

Solve by Changing from the given base to either CoOmmon |0gs Or hatural
|ogs:

35) log, 120 36) log, 300

In(120) In(300)
SONE 2.4603 @ 41144



37) Use the Change of base formula to graph the function y = log, x.

Then, compare it with y = 2%, by entering each in Y2 and Y2. 200M
SQUARE and write your (obvious) comments below.

They are inverses



