Business PreCalculus MATH 1643 Section 004, Spring 2014
Lesson 25: Logarithmic Functions

Recall, that the exponential function f(x) = a” is a one-to-one function and so it has an inverse
function which will be called the logarithmic function.

Definition 1. Logarithmic Function: For x > 0, a > 0 and a # 1,

y =log,x if and only if x = aY.

The function f(x) = log,z is called the logarithmic function with base a. Its domain is
(0, 00).

The definition of the logarithm says that the two equations
y =log,r (Logarithmic Form)
x=a’ (Exponential Form)
are equivalent. For example, log381 = 4 because 3 must be raised to the fourth power to obtain 81.

Example 1. Converting from Exponential to Logarithmic Form: Write each exponential
equation in logarithmic form.

a. 43=64 b. (
Solution:

a. 43 = 64 is equivalent to log,64 = 3.

b. (§)" = 15 is equivalent to logy o fg = 4.

c. a2 =7 is equivalent to log,7T = —2.

Example 2. Converting from Logarithmic Form to Exponential Form: Write each loga-
rithmic equation in exponential form.

a. logz243 =5 b. loggb5=z c.log,N =2
Solution:

a. logy 243 = 5 is equivalent to 243 = 35,

b. logy 5 = x is equivalent to 5 = 2%.

c. log, N =z s equivalent to N = a*.



Example 3. Solve the following equation logy(z* — 6x + 10) = 1.
Solution: To solve logarithmic equations we need to convert into exponential ones.

logy (2% — 62 +10) = 1
a? —6r+10=2" =2
2?62 +8=0
(r—4)(x—2)=0.
Then x =4 or z = 2.

Example 4. Find the domain of f(x) = logs(2 — x).
Solution: Because the domain of the basic logarithmic function y = loggz is (0,00), the ex-
pression 2 — x must be positive. Then the domain of f(x) is all real numbers such that:

2—x >0,
which means that v < 2. Hence, the domain of f(z) =logs(2 — x) is (—o0,2).
Definition 2. Basic Properties of Logarithms: For any base a > 0, with a # 1,

1. log,a = 1.

2. log,1=0.

3. log, a® = x for any real number x.
4. a'°%«® =z for any x > 0.

Definition 3. Common Logarithms: The logarithm with base 10 s called the common loga-
rithm and is denoted by omitting the base, so

log z = log;g .
This means that for any x > 0,
y=1logx if and only if x = 10Y.

Definition 4. Natural Logarithms: The logarithm with base e is called the natural logarithm
and is denoted by

Inz = log, x.
This means that for any x > 0,
y=Inz if and only if xz =é€Y.

Example 5. Solve for the variable M in the equation T = log(7M — 3).
Solution: To solve logarithmic equation we need to convert into exponential one:

T = log(7TM — 3)
107 =7M -3
100 +3=7M

_ 10743
Then M = ==t=,



