








Definition Let f be a function defined on some interval (a,1). Then we say

lim
x!1

f(x) =1

if the values of f(x) can be made arbitrarily large by taking x su�ciently large or equivalently
if for any positive integer N , there is a number M so that for all x > M , f(x) > N .
We give similar meaning to the statements

lim
x!1

f(x) = �1, lim
x!�1

f(x) =1 lim
x!�1

f(x) = �1.

We have

lim
x!1

xn =1, lim
x!�1

x2n =1 lim
x!�1

x2n+1 = �1

for all positive integers n. Using this and law 10 above, we get that for all positive integers m, n

lim
x!1

x
n
m =1, lim

x!�1
x

2n
2m+1 =1 lim

x!�1
x

2n+1
2m+1 = �1

Example Evaluate

lim
x!1

5x3 + x + 1

x2 � 1
, lim

x!�1

5x3 + x + 1

x2 � 1
, lim

x!1

5x + 1

x2 � 4
, lim

x!�1

5x + 1

x2 � 4
lim

x!�1

5x5 + 1

|x|5 � 4

Example Evaluate

lim
x!1

p
3x2 + 3

2x + 5
, lim

x!�1

p
3x2 + 3

2x + 5
, lim

x!1
(
p

x2 + x�
p

x2 � 2x)
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Note we can also use the squeeze theorem when calculating limits at 1.

Example Find

lim
x!1

cos x, lim
x!1

cos x

x
lim

x!1
sin

⇣1

x

⌘
, lim

x!1
x sin

⇣1

x

⌘
, lim

x!�1

5x + 1

x2 + sin x� 4
.

if they exist.

Limits of Polynomials at Infinity and minus infinity

Let
P (x) = a0 + a1x + a2x

2 + · · · + anx
n

be a polynomial function. Then the behavior of P (x) at ±1 is the same as that of its highest term.
That is

lim
x!1

P (x) = lim
x!1

anx
n and lim

x!�1
P (x) = lim

x!�1
anx

n.

(To prove this consider the limit limx!±1
P (x)
anxn . )

Example Find

lim
x!1

x4 + 2x + 1, lim
x!�1

2x3 + x2 + 1, lim
x!1

�3x5 + 10x2 + 4562x + 1, lim
x!1

(x� 2)3(x + 1)2(x� 1)5

Note that we can use the following short cut for calculating limits of rational functions as x! ±1:

lim
x!±1

axn + lin. comb. of lower powers

bxm + lin. comb. of lower powers
= lim

x!±1

axn

bxm

where m and n are positive integers.
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