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Section 2.6 – Limits at Infinity; Horizontal Asymptotes 

- Limit at infinity: 
Let 𝑓 be a function defined on some interval (𝑎, ∞). Then 

lim
௫→ஶ

𝑓(𝑥) = 𝐿 

means that the values of 𝑓(𝑥) can be made arbitrarily close to 𝐿 by requiring 𝑥 to be 
sufficiently large. 

 

 

 

 
 
- Let 𝑓 be a function defined on some interval (−∞, 𝑎). Then 

lim
௫→ିஶ

𝑓(𝑥) = 𝐿 

means that the values of 𝑓(𝑥) can be made arbitrarily close to 𝐿 by requiring 𝑥 to be 
sufficiently large negative. 
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 لاحظ

lim
௫→ஶ

ଵ

௫
= 0ା      lim

௫→ିஶ

ଵ

௫
= 0ି 

lim
௫→ஶ

𝑎௫ = ∞, 𝑎 > 1      lim
௫→ஶ

𝑎ି௫ = lim
௫→ஶ

ଵ

௔ೣ = 0ା, 𝑎 > 1 

lim
௫→ஶ

௫೙

௔ೣ = 0ା, 𝑎 > 1 

lim
௫→ஶ

ଵ

௫ೝ = 0ା,  𝑟 ∈ ℚା   lim
௫→ିஶ

ଵ

௫ೝ = 0,  𝑟 ∈ ℚା 

 

Example 1 

Evaluate  

lim
௫→ஶ

3𝑥ଶ − 𝑥 − 2

5𝑥ଶ + 4𝑥 + 1
 

 

Solution 
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Example 2 

Evaluate 

lim
௫→ஶ

√2𝑥ଶ + 1

3𝑥 − 5
 

Solution 

 

Example 3 

Compute lim
௫→ஶ

൫√𝑥ଶ + 1 − 𝑥൯ 

Solution 
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- Horizontal Asymptote: 
The line 𝑦 = 𝐿 is called horizontal asymptote of the curve 𝑦 = 𝑓(𝑥) if either 
 

lim
௫→ஶ

𝑓(𝑥) = 𝐿  or lim
௫→ିஶ

𝑓(𝑥) = 𝐿 

 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Example 4 

Find the infinite limits, limits at infinity, and asymptotes 
for the function 𝑓 whose graph is shown 

Solution 
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Example 5 

Find the horizontal and vertical asymptotes of the graph of the function 

lim
௫→ஶ

√2𝑥ଶ + 1

3𝑥 − 5
 

 

Solution 
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Problems 

- For the function 𝒇 whose graph is given, state the following. 

(a) 𝐥𝐢𝐦
𝒙→ஶ

𝒇(𝒙) 

 

 

 

(b) 𝐥𝐢𝐦
𝒙→ିஶ

𝒇(𝒙) 

 

 

 

(c) 𝐥𝐢𝐦
𝒙→𝟏

𝒇(𝒙) 

 

 

 

(d) 𝐥𝐢𝐦
𝒙→𝟑

𝒇(𝒙) 

 

 

 

(e) The equations of the asymptotes 
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- Sketch the graph of an example of a function 𝒇 that satisfies all of the given 
conditions. 

 𝐥𝐢𝐦
𝒙→𝟐

𝒇(𝒙) = −∞,   𝐥𝐢𝐦
𝒙→ஶ

𝒇(𝒙) = ∞,   𝐥𝐢𝐦
𝒙→ିஶ

𝒇(𝒙) = 𝟎, 

𝐥𝐢𝐦
𝒙→𝟎శ

𝒇(𝒙) = ∞,   𝐥𝐢𝐦
𝒙→𝟎ష

𝒇(𝒙) = −∞ 
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- Find the limit or show that it doesn’t exist 

(a) 𝐥𝐢𝐦
𝒙→ஶ

𝟑𝒙ା𝟓

𝒙ି𝟒
 

 

 

 

 

 

 

 

 

 

 

(b) 𝐥𝐢𝐦
𝒚→ஶ

𝟐ି𝟑𝒚𝟐

𝟓𝒚𝟐ା𝟒𝒚
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(c) 𝐥𝐢𝐦
𝒕→ஶ

𝒕ି𝒕√𝒕

𝟐𝒕𝟑/𝟐ା𝟑𝒕ି𝟓
 

 

 

 

 

 

 

 

 

 

 

 

(d) 𝐥𝐢𝐦
𝒙→ିஶ

ඥ𝟗𝒙𝟔ି𝒙

𝒙𝟑ା𝟏
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(e) 𝐥𝐢𝐦
𝒙→ିஶ

൫√𝟒𝒙𝟐 + 𝟑𝒙 + 𝟐𝒙൯ 
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(f) 𝐥𝐢𝐦
𝒙→ିஶ

𝟏ା𝒙𝟔

𝒙𝟒ା𝟏
 

 

 

 

 

 

 

 

 

 

 

 

(g) 𝐥𝐢𝐦
𝒙→ஶ

arctan(𝒆𝒙) 
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(h) 𝐥𝐢𝐦
𝒙→ஶ

𝒆𝟑𝒙ି𝒆ష𝟑𝒙

𝒆𝟑𝒙ା𝒆ష𝟑𝒙
 

 

 

 

 

 

 

 

 

 

 

 

(i) 𝐥𝐢𝐦
𝒙→ஶ

(𝒆ି𝟐𝒙 𝐜𝐨𝐬 𝒙) 
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- Find the horizontal and vertical asymptotes of each curve. 

(a) 𝒚 =
𝟓ା𝟒𝒙

𝒙ା𝟑
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(b) 𝒚 =
𝒙𝟑ି𝒙

𝒙𝟐ି𝟔𝒙ା𝟓
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


