5.5: Bases Other than € and Applications

General Logarithmic and Exponential Functions

Ina

For any number a >0, e"* =a.

X _ AXlna

Therefore, for any real number X, and for any a >0, we have: a* = (e'“a) =e

xlna

W use this to define exponential functions with base a for any real number x: a* =e*"*.

The General Exponential Function: f(x)=a"

Laws of exponents:

1. a* =a*a’ 2 ay = a>(/ay 3. (ax)y —aY 4. (ab)x - ap*

Differentiation of exponential functions:

%(ax):axlna

Proof: i(ax) d (ex'“""):e“‘“‘i(xlna):aX Ina

dx T dx dx
Example 1: Find y' for y=8*"7.
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Example 2: Find the derivative of y = 4",

Example 3: Differentiate y = x“**

Integration of exponential functions:
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Example 4: Evaluate I3X
0

dx.
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Example 5: Evaluate ISZM dx .

General logarithmic functions:

Ifa>0 and a#1, then f (X) =a" is a one-to-one function and its inverse is the logarithmic

function with base a.

y=log,x < a’=x

Change of base formula:

For any positive number a with a#1, log, X = 111_X
na
Differentiation of logarithmic functions:
d 1
—(log,. X)=
dx( g.%) xIna
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Example 6: Find % for y =log(6Xx).
X

Example 7: Find % for y=1log, (2x3 +tan X) :
X



