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Transcendental Functions I 
Handout 

 
Technology, engineering, and science use two important functions in mathematics; the 

exponential function and its inverse function, and the logarithmic function.  These functions are 
known as transcendental functions and they are used to describe the exponential growth in 
biology, economics, and radioactive decay in physics and chemistry, as well as other 
phenomena. 
 
Basic exponential Function 

The exponential function f with base b and exponent, x, is defined by xbxf =)( , where b 
is any number greater than zero, 0>b , but cannot be equal to the number 1, 1≠b .  Also, the 
number, x, that becomes the exponent is any real number.  
 
Example 1 

The two functions, xxf 2)( =  and xxf )
3
1()( = , are allowable exponential functions, but 

the two functions, xxf 1)( =  and xxf )4()( −= , are not exponential functions.  WHY? 
Solution 

Since the number 1 raised to any power is still the number 1, the function, xxf 1)( = , has 
a value of 1 for all values of x, and the function is not a function but just a clever way to write 
the number 1.  That is to say that xxf 1)( =  is always equal to the constant, 1. 

The function, xxf )4()( −= , is only in slightly better shape since it is only defined for 
integers.  For example,  

16
1

)4(
1)4( 2

2 =
−

=− − ,  

1)4( 0 =− ,  
16)4( 2 =−  

 and 64)4( 3 −−  
but 1.2)4(−  has no real value and cannot be graphed or interpreted on the real number system.  
 

Exponential functions are practically limited to function where any positive number can 
be used as the base and the exponent is limited to any real number.  Exponential functions are 
divided into two categories depending on the value of the base, b.  If 10 << b , the exponential 
function is know as an exponential decay function and its y value decreases rapidly with 
increased values of x.  If 1>b , the function is known as an exponential growth function and its 
y values, f(x), increases rapidly with increased value of x.  
Example 2 
 What does the graph of an exponential function, xbxf =)( , look like when the exponent 
value, x, increases if the base for the function is  

a) greater than zero but less than 1, 10 << b  
b) greater than 1, 1>b  
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Solution 
If 10 << b , the graph of xbxf =)(  approaches f(x) = 0=y  as x increases indefinitely 

and the axisx −  is a horizontal asymptote.  If 1>b , the graph approaches 0=y as x decreases 
through negative values.  As was the situation earlier, the axisx − is a horizontal asymptote.  In 
either the 10 << b  or 1>b case the graph never touches the axisx −  because the number b 
raised to the x power is always greater than 0, 0>xb , for all x.  Hence, for 1≠b , the basic 
exponential function xbxf =)(  has all real numbers as the possible values of x and only the 
positive numbers as the possible values of f(x). 
 

Graphing Exponential Functions  
Draw the graph of each function by plotting points. 

a) xxf )
3
1()( =        

X -3 -2 -1 0 1 2 3 

xxf )
3
1()( =  27 9 3 1 3

1  
9
1  

27
1  
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b) xxg 2)( =  

X -3 -2 -1 0 1 2 3 
xxf 2)( =  1/8 1/4 1/2 1 2 4 8 

 

                    

                    

                    

                    

                    

                    

                    

                    

                    

                    

                    

                    

                    

                    

                    

                    

                    

                    

                    

 

Nature Exponential Function 
One of the most important numbers used as a base in engineering, science, and 

technology applications is the number denoted by the letter e.  The official definition of the 

number e is the value if this series, n

n
)11( + , as the value for n becomes larger and larger.  For 

example, when n equals 1 the value of n

n
)11( +  becomes 11(1 )

1
+ , which is just the number 2.  

However, if a larger number for n is used the value for e increases.  The number 10 is 5 times 
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larger than the number 2 and when n =10 the expression n

n
)11( +  

becomes 10 101(1 ) (1 0.1) 2.59375
10

+ = + = .  The table below show what happens to the value of 

the expression, n

n
)11( + , as the value of n gets larger and larger.   The last entry in the table gives 

the value for n

n
)11( +  when n is a very big number, 10,000,000, compared to n =1.  In this case, 

using n = 10,000,000 it appears that, correct to five decimal places, the value for the number e is 
approximately 2.71812, or 71828.2≈e .  
 

n n

n
)11( +  

1 2.00000 

5 2.48832 

10 2.59374 

100 2.70481 

1000 2.71692 

10,000 2.71815 

100,000 2.71825 

1,000,000 2.71828 

10,000,000 2.71828 

 

Finally, it is important to realize that the number e is an irrational number, so we cannot 

write its exact value. That is to say if we keep putting larger values for n into n

n
)11( + we will get 

new answers that just add more digits to the right end of the number 2.71828, but the first 6 
digits of the number will not change.  This property is recognized when the base e is used in a 
function such as xexf =)( by calling it a natural exponential function.  Since the number e, 
2.71828, is greater than 1, 1>e , the graph of xexf =)( increases rapidly and follows the general 
shape proved as the answer to Example 2b above.   

Other examples of exponential functions are xexg 2)( = , 15

2
1)( −⎟
⎠
⎞

⎜
⎝
⎛= xexk , 

xexf 45.03)( −= , and 
x

exm
⎟
⎠
⎞

⎜
⎝
⎛−

= 3
1

)( .  In the past these functions were difficult to deal with 
because the only way to solve them was to use natural logarithms.  Today, scientific calculators 
and any computer have a special key that will solve an exponential calculation that uses the 
number e as a base.  If you have a calculator with the xe  key, do the following example exercise. 



Name:_________________________________Date:_____________________Period:_____ 
 

Page 5 of 5 
© 2004 High School Technology Initiative (HSTI) Educational Materials: The ATOM: Applied Math 

 
Example 3 
 Use a calculator with an xe  key and determine if it gives the same answers to five 
decimal places for the following 4 expressions. 
 

38906.72 ≈e ,  

 

46767.076.0 ≈−e , 

 

  00000.10 =e ,  

 

34215.80)085536.20(44 3 ≈≈e  

 


