MATH 1314 BCollege Algebra BLogarithms

Definition: Let b beany postive nunmber other than 1 and let x be any postive number. Then by
definition, thelogarithm to the base b of x, denoted logy, x, isthe number tha can beused as an
exponent onthebase b in orde to result in x.

Examples. Accordingto thedefinition, log, 8 istheexponent tha can beused onthebase 2in

order to result in 8. Because the 3™ power of 2 is 8, 3istheexponent tha can be used onthe base 2
to produe 8. Soit followstha log, 8 =3. Similarly,

log;9 =2 because 32 -9,
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, and
logs1=0 because 59-1.

Definitions: logy x isthebase b logarithm function. Itsdomain is (0,) anditrangeis("# ,#).
Thedomain is especialy important. Only postive quantities havelogarithms.

Example: Givethedomain of f(x) =logg(2Xx - 3).
Thequantity who logaithmisindicated mug bepostive. So
2x" 3>0

2x>3

3
X>3

Thedomain istheinterval (% )

Exercises. Determinethedomain of each of thefollowing.
1. f(x)=log7(5x +10) 2. f(x)= |Og9()C2 -4) 3 f(x)= log3(5x2 +1)

Definitions: A base 10logaithm, log( X, isusudly abbreviated logx andis called acommon
logarithm of x. A base elogaithm, log, x, isusudly abbreviate Inx andis called anatural
logarithm of x.

Exercises. Determineeach of thefollowing.
4. log,16 5. logs125 6. Iog3(%) 7. log;1 8. logg27

9. log100C 10. Iog(%) 11. Iné’ 12. Ine2 13.log; 7°

Definitions. Thestatements log, x =y and bY = x are equivalent; that meansif oneof the
statementsistrueso istheother. For example, if loggt =4 istrue, then it mug also betruetha

3* = t. Likewise, if p5=w, then log, w=5. A statementin theform log, x = y issaid to bein
logarithmic form and a statement in theform 5 = x is said to bein exponential form.

Exercises. Write the equivalent exponential statement for each of the following.
14.log,32=5 15, Iogz(%) =3 16. logpn =k 17. logx =2 18 In5=w
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Exercises. Write the equivaent logaithmic statement for each of thefollowing.
19.16%2% - 64 20.92=1 21 d°=1 22 104 =37 23 e°=r1

Definition: An equaionthat hasthevariablein an exponentis called an exponential equation.
Exponential equaionscan often be solved by isolating the exponential term on oneside of the
equdion and then writing the equivalent logaithmic statement.

Example: Solve 5(24X) +1= 41 exactly for x.
5(24X) =40 Subtact 1 fromboth sides of the given equdion.

24X _ 8 Divideboth sides by 5.
log, 8 =4x Writetheequivaentlogaithmic statement.
3=4x Evauae log, 8, whichis3.

%: x Dividebath sides by 4.

Exercises. Solve each of thefollowing exactly for x.
24, 4(3”‘) "108=0 25 10(5"*2) +5=7 26 4e%¥-5=7

Definition: Anequaiontha hasthevariablein alogaithmiscalled alogarithmic equation.
Logaithmic equaionscan often be solved by isolating thelogaithmic term on oneside of the
equdion and then writing the equivalent exponential statement.

Example: Solve 5log,(x" 3)" 7 =13 exactly for x.
5logy(x" 3) =20 Add7 to both sides of the given equéion.
log,(x - 3) =4 Dividebath sides by 5.

24=x"3 Write the equivalent exponential statement.

16=x-3 Evauae 24, which is 16.
19=x Add3toboth sides.

Exercises. Solve each of thefollowing exactly for x.
27.8log,(5x" 2)" 8=16 28. 3log(2x-4)-1=5 29. 7TIn(3x+4)+5=26

Property: Thebase b exponential function and the base b logarithmic function are inverse
functions. For exampleif welet f(x)=b* and g(x) =log, x, we see tha

(f 0g)(x) = f(g(x)) = f (logp X) =b'°% X = x
and

(gof)(x)=g(f(x) =g(b*) =logy(b™) = x.

Examples 3°%5=5 7logr=, 100092-2 eVoy  g09s(2xt) oy 4y

" "o 20 ; "L 204
Iog5(523):23 log4(4x 3)=x" 3 logrg7™ '&": 5x2 log(103x 2)=3x "2 |n§e3p '&": 3p?
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