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m Exponential Functions and Their Derivatives

The first few pages of this section are a lot of hand-waving, to convince you that exponential functions

are continuous. | don't think Calc Il students are generally sophisticated enough to really need this,

let alone even question whether these functions behave as advertised. So first few pages are kind of fluff,
that you aren't going to care about, much, until/unless you're a math major, long after Calculus II.
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Summarizing more precalculus notions:

E Theorem Ifa = 0 and a # 1, then f(x) = a* is a continuous function with
domain R and range (0, =). In particular, a* > O forall x. If 0 < a < 1, f(x) = a"

is a decreasing function; if @ = 1, f is an increasing function. If @, b = 0 and

x, vy € R, then
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|E| Ifa = 1, then lima* = = and lim a* =0
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Finally! Some Calculus!!! We stumble over the natural base for exponential functions, e .
Euler named it after himself, because he was this great man and stuff.

We characterize the number e in a number of ways, depending on the context. For our purposes,
we're looking for a 'natural base' so that the corresponding derivative comes out as cleanly as possible.

Definition of the Number e
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Derivative of the Natural Exponential Function
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Chain Rule applied to exponential function.

d i J— u
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Properties of the Natural Exponential Function The exponential function
f(x) = e*is an increasing continuous function with domain R and range (0, =).

Thus e* = 0 for all x. Also

lim e =0

A== X

So the x-axis is a horizontal asymptote of f(x) = ¢".

lime* = =
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| e*dy=e' + C
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EXAMPLES FROM HOMEWORK EXERCISES
N
Pttt
1. (a) Write an equation that defines the exponential function x
. N Lod=q
with base a = 0.
(b) What is the domain of this function? (9 (a"\) = J/R = (-ce,c0)
(c) If a # 1, what is the range of this function? —p () = (0,50)
(d) Sketch the general shape of the graph of the exponential
function for each of the following cases.
(i) a =1 (ii) a = 1 (iii) 0 <a <1
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2. (a) How is the number ¢ defined?
(b) What is an approximate value for ¢?
(c) What 1s the natural exponential function?
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1 3-6 Graph the given functions on a common screen. How are
these graphs related?

. y=e¢", y=e¢e ", y=8, v=8"

August 27, 2015
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REVIEW OF GRAPHING BY TRANSFORMING BASIC FUNCSIONS

7-12 Make a rough sketch of the graph of the function. Do not
use a calculator. Just use the graphs given in Figures 3 and 12
and, if necessary, the transformations of Section 1.3. P (x)
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15-16 Find the domain of each function.

16. (a) g(r) = sin(e ')
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23-30 Find the limit. &@ (000! > [
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31-50 Differentiate the function. —C >/
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51-52 Find an equation of the tangent line to the curve at the
given point. Y= m (x=x") + Y, Point - Slope

¥
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OPTIONAL PORTION OF THE PRESENTATION:
ANOTHER DERIVATION OF THE NUMBERe.

In precalculus and mathematics of finance, we stumble across the natural base, in a wholly different
way, which is equivalent, but we're not going to go into much detail on.

Compound Interest:

Let r = the annual percentage rate

m = the number of periods per year for compounding purposes
t = the number of years the money sits

P = the principal amount

A = the compound amount, after time t.
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