
3/10/2014

1

� Deal with the end behavior of a function.

Limits “at Infinity”Limits “at Infinity”Limits “at Infinity”Limits “at Infinity”
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Limits at Infinity

Graphically, you can see that the values of f(x) appear to 

approach 3 as x increases without bound or decreases 

without bound. You can come to the same conclusions 

numerically, as shown in the table.

The table suggests that the value of f(x) approaches 3 as x 

increases without bound (x → ).

Limits at Infinity

Similarly, f(x) approaches 3 as x decreases without bound           

(x → ).      

These limits at infinity are denoted by

and

To say that a statement is true as x increases without 

bound means that for some (large) real number M, the 

statement is true for all x in the interval {x: x > M}.

Limit at negative infinity

Limit at positive infinity
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Limits at Infinity

The following definition uses this concept.

Limits at Infinity

The definition of a limit at infinity is shown in Figure 4.34. In 

this figure, note that for a given positive number ε there 

exists a positive number M such that, for x > M, the graph 

of f will lie between the horizontal lines given by y = L + ε

and y = L – ε.

f(x) is within ε units of L as x → .

Figure 4.34
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Horizontal Asymptotes

In Figure 4.34, the graph of f approaches the line y = L as x

increases without bound. 

f(x) is within ε units of L as x →

Figure 4.34

Horizontal Asymptotes

The line y = L is called a horizontal asymptote of the 

graph of f.

Note that from this definition, it follows that the graph of a 

function of x can have at most two horizontal   

asymptotes—one to the right and one to the left.

Limits at infinity have many of the same properties of limits 

that we have discussed.



3/10/2014

5

Horizontal Asymptotes

For example, if              and              both exist, then

and

Similar properties hold for limits at

1
lim
x x→∞

1
lim
x x→−∞
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Horizontal Asymptotes

When evaluating limits at infinity, the following theorem is 

helpful.

a.

= 5 – 0

= 5

b.

= 3(0)

= 0

Evaluating a Limit at Infinity

Property of limits

Property of limits
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� Remember these from MTH 112?

Horizontal Asymptotes

For instance, the limit as x approaches infinity of the 

function

is 0 because the denominator overpowers the numerator 

as x increases or decreases without bound, as shown in 

Figure 4.37.

f has a horizontal asymptote at y = 0.

Figure 4.37
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