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The exponential function f with 

base b is defined by

f(x) = abx

where b > 0, b  1, and x is any real 

number.

** when b> 1; b is considered a 

growth factor.

For instance, 

f(x) = 3x and g(x) = 0.5x

are exponential functions.
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The value of f(x) = 3x when x = 2 is

f(2) = 32 =

The value of g(x) = 0.5x when x = 4 is

g(4) = 0.54 =

The value of f(x) = 3x when x = –2 is

9

1

9

f(–2) = 3–2 =

0.0625
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The graph of f(x) = abx, b > 1
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The graph of f(x) = abx, 0 < b < 1
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Since a< 1; 

a is decay 

factor.
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Example: Sketch the graph of f(x) = 2x.
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Example: Sketch the graph of g(x) = 2x – 1. State the 

domain and range.

x

y
The graph of this 

function is a vertical 

translation of the 

graph of f(x) = 2x 

down one unit . 

f(x) = 2x

y = –1

Domain: (–, )

Range: (–1, )
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Example: Sketch the graph of g(x) = 2-x. State the 

domain and range.

x

y
The graph of this 

function is a 

reflection the graph 

of f(x) = 2x in the y-

axis.

f(x) = 2x

Domain: (–, )

Range: (0, )
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The irrational number e, where

e  2.718281828…

is used in applications involving growth and 

decay.

Using techniques of calculus, it can be shown 

that
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
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The Natural Base e
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The graph of f(x) = ex
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2.2 Properties of exponential

• The exponential function y = bx (b > 0, b ≠ 1)  
has the following properties:

1. Its domain is (–, ).

2. Its range is (0, ).

3. Its graph passes through the point (0, 1)

4. It is continuous on (–, ).

5. It is increasing on  (–, )  if  b > 1  and 
decreasing on  (–, )  if  b < 1.
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Look at the graph of 
xy e=

The slope at x=0 
appears to be 1.

If we assume this to be 
true, then:
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definition of derivative

2.3 Derivative of exponential

𝑓′ 𝑥 = lim
ℎ→0

𝑓 𝑥 + ℎ − 𝑓(𝑥)

𝑥
= lim

ℎ→0

𝑒𝑥+ℎ − 𝑒𝑥

ℎ
= lim

ℎ→0

𝑒𝑥𝑒ℎ − 𝑒𝑥

ℎ

= lim
ℎ→0

𝑒𝑥(𝑒ℎ−1)

ℎ
= 𝑒𝑥 lim

ℎ→0

𝑒ℎ − 1

ℎ
= 𝑒𝑥 𝑓′(0)



Now we attempt to find a general formula for the derivative of              
using the definition.
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This is the slope at x=0, which we 
have assumed to be 1.
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xe is its own derivative!

If we incorporate the chain rule:

u ud du
e e

dx dx
=

We can now use this formula to find the derivative of
xa
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2.3 Derivative of exponential

example: 

Differentiate the function y = e tan x

To use the Chain Rule, we let u = tan x.

Then, we have y = eu.

example: 

Find y’ if y = e-4x sin 5x.
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• Because the exponential function y = ex has a 
simple derivative, its integral is also simple:

2.4 Integration of exponential
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