
2.2: The Limit of A Func-
tion

In the previous lecture, we saw that the slope of the tangent line at point

P is the limit of the slopes of the secant line,
Ð→

PQ, as Q approaches P .

lim
Q→P

mPQ =mtangent

f(x)
P

tangent

Q

x

y

This idea can be extended to determine what happens to f(x) as x
approaches a (i.e. the limit of a function).

The Limit of A Function

Definition 1: The Limit of A Function

Suppose that f(x) is defined when x is near the number a. This
means that f is defined on some open interval that contains a,
except possibly at a itself.

Then we write

lim
x→a

f(x) = L

and say ’the limit of f(x) as x approaches a, equals L’

if we can make the values of f(x) arbitrarily close to L (as close
to L as we like) by taking x to be sufficiently close to a (on either
side of a) but not equal to a.

1
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Note that the limit of the function can exist, even though the function
may be undefined at x = a.

84	 CHAPTER 2    Limits and Derivatives

An alternative notation for
lim
x l a

 f sxd − L

is	 f sxd l L        as        x l a

which is usually read “ f sxd approaches L as x approaches a.”
Notice the phrase “but x not equal to a” in the definition of limit. This means that in 

finding the limit of f sxd as x approaches a, we never consider x − a. In fact, f sxd need 
not even be defined when x − a. The only thing that matters is how f  is defined near a.

Figure 2 shows the graphs of three functions. Note that in part (b), f sad is not defined 
and in part (c), f sad ± L. But in each case, regardless of what happens at a, it is true  
that lim x l a f sxd − L.

FIGURE 2  lim
x l a

 f sxd − L in all three cases

(c)

x

y

0

L

a

(b)

x

y

0

L

a

(a)

x

y

0

L

a

EXAMPLE 1  Estimate the value of lim
t l 0

 
st 2 1 9 2 3

t 2 .

SOLUTION  The table lists values of the function for several values of t near 0.

t st 2 1 9 2 3

t 2

61.0 0.162277 . . .

60.5 0.165525 . . .

60.1 0.166620 . . .

60.05 0.166655 . . .

60.01 0.166666 . . .

As t approaches 0, the values of the function seem to approach 0.1666666 . . .  and so 
we guess that

	 lim
t l 0

 
st 2 1 9 2 3

t 2 −
1

6
� ■

In Example 1 what would have happened if we had taken even smaller values of t? The 
table in the margin shows the results from one calculator; you can see that something 
strange seems to be happening.

If you try these calculations on your own calculator you might get different values, 
but eventually you will get the value 0 if you make t sufficiently small. Does this 

t st 2 1 9 2 3

t 2

60.001 0.166667
60.0001 0.166670
60.00001 0.167000
60.000001 0.000000
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lim
x→a

f(x) = L lim
x→a

f(x) = L lim
x→a

f(x) = L

f(a) = L f(a) = und f(a) =m

One-sided Limits

A one-sided limit only considers values of a function that approaches it
from either above or below.

	 SECTION 2.2    The Limit of a Function	 87

For instance, the notation x l 52 means that we consider only x , 5, and x l 51 
means that we consider only x . 5. Definition 2 is illustrated in Figure 6. 

0 x

y

L

xa0 x

y

ƒ L

x

ƒ

x    a+x    a_
(a) lim  ƒ=L (b) lim  ƒ=L

a

Notice that Definition 2 differs from Definition 1 only in that we require x to be less 
than (or greater than) a. By comparing these definitions, we see that the following is true.

3     lim
x l a

 f sxd − L      if and only if      lim
x l

 

a2
 f sxd − L      and      lim

x l
 

a1
 f sxd − L

EXAMPLE 4  The graph of a function t is shown in Figure 7. 

y

0 x

y=©

1 2 3 4 5

1

3

4

Use the graph to state the values (if they exist) of the following:

(a)  lim
x l 22

 tsxd            (b)  lim
x l 21

 tsxd            (c)  lim
x l 2

 tsxd

(d)  lim
x l 52

 tsxd            (e)  lim
x l 51

 tsxd            (f )  lim
x l 5

 tsxd

SOLUTION  Looking at the graph we see that the values of tsxd approach 3 as x 
approaches 2 from the left, but they approach 1 as x approaches 2 from the right. 
Therefore

(a)  lim
x l 22

 tsxd − 3        and        (b)  lim
x l 21

 tsxd − 1

(c)  Since the left and right limits are different, we conclude from (3) that lim x l 2 tsxd 
does not exist.

The graph also shows that

(d)  lim
x l 52

 tsxd − 2        and        (e)  lim
x l 51

 tsxd − 2

(f )  This time the left and right limits are the same and so, by (3), we have

lim
x l 5

 tsxd − 2

Despite this fact, notice that ts5d ± 2.� ■

FIGURE 6

FIGURE 7
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lim
x→a−

f(x) = L lim
x→a+

f(x) = L

Definition 2: One-sided Limit

The left-side limit of a function f , read ’limit of f(x) as x ap-
proaches a from the left’ is

lim
x→a−

f(x) = L

The right-side limit of a function f read ’limit of f(x) as x
approaches a from the right’ is

lim
x→a+

f(x) = L

The notation x→ a− indicates that we are only considering values
of x that are less than a, and x → a+ indicates that we are only
considering values of x that are greater than a.

2
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Theorem 1: The General Limit

The general limit of a function, lim
x→a

f(x) = L, exists iff the left and

right sided limits agree.

lim
x→a−

f(x) = L = lim
x→a+

f(x)

Example 1: 2.2.4

Use the graph of f to state the value of each quantity if it exists.
If it does not exist, explain why.

92	 CHAPTER 2    Limits and Derivatives

2.2  Exercises

	  1.	 Explain in your own words what is meant by the equation

lim
x l 2

 f sxd − 5

Is it possible for this statement to be true and yet f s2d − 3? 
Explain.

	  2.	 Explain what it means to say that

lim
x l 12

f sxd − 3        and         lim
x l11

 f sxd − 7

�In this situation is it possible that limx l 1 f sxd exists?  
Explain.

	  3.	 �Explain the meaning of each of the following.

	 (a)	 lim
x l

 

23
f sxd − `	 (b)	 lim

x l 41
f sxd − 2`

	 4.	 �Use the given graph of f  to state the value of each quantity,  
if it exists. If it does not exist, explain why.

	 (a)	 lim
x l

 

22
f sxd	 (b)	 lim

x l 21
f sxd	 (c)	 lim

x l 2
 f sxd

	 (d)	 f s2d	 (e)	 lim
x l 4

 f sxd	 (f )	 f s4d

y

0 x2 4

4

2

	 5.	 �For the function f  whose graph is given, state the value of 
each quantity, if it exists. If it does not exist, explain why.

	 (a)	 lim
x l 1

 f sxd	 (b)	 lim
x l 32

f sxd	 (c)	 lim
x l 31

f sxd

	 (d)	 lim
x l 3

 f sxd	 (e)	 f s3d

y

0 x2 4

4

2

	 6.	 �For the function h whose graph is given, state the value of 
each quantity, if it exists. If it does not exist, explain why.

	 (a)	 lim
x l 232

hsxd	 (b)	 lim
x l 231

hsxd	 (c)	 lim
x l 23

hsxd

	 (d)	 hs23d	 (e)	 lim
xl

 

02 
hsxd	 (f )	 lim

x l
 

01 
hsxd

	 (g)	 lim
x l 0

 hsxd	 (h)	 hs0d	 ( i)	 lim
x l 2

 hsxd

	 ( j)	 hs2d	 (k)	 lim
x l

 

51
hsxd	 ( l)	 lim

x l
 

52 
hsxd

y

0 x2_2_4 4 6

	  7.	 �For the function t whose graph is shown, find a number a that 
satisfies the given description.

	 (a)	 lim
x l a

tsxd does not exist but tsad is defined.

	 (b)	 lim
x l a

tsxd exists but tsad is not defined. 

	 (c)	 lim
x l a2

tsxd  and lim
 x l a1

tsxd both exist but lim
 x l a

tsxd  does  

not exist.
	 (d)	 lim

 x l a1
tsxd − tsad but lim

x l a2
tsxd Þ tsad .

y

x2 4 60

	 8.	 �For the function A whose graph is shown, state the following.
	 (a)	  lim 

x l23
 Asxd	 (b)	 lim

x l22
 Asxd	

	 (c)	 lim
x l21

 Asxd	 (d)	  lim 
x l21

 Asxd

	 (e)	 The equations of the vertical asymptotes

0

y

x2_3 5

	 9.	 �For the function f  whose graph is shown, state the following.
	 (a)	 lim 

x l27
 f sxd	 (b)	 lim 

x l23 
 f sxd	 (c)	 lim

x l 0 
 f sxd

	 (d)	 lim
x l 62

f sxd	 (e)	 lim
x l 61

f sxd
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a. lim
x→2−

f(x)

b. lim
x→2+

f(x)

c. lim
x→2

f(x)

d. f(2)

e. lim
x→4

f(x)

f. f(4)

Solution

3
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Example 2: 2.2.6

Use the graph of f to state the value of each quantity if it exists.
If it does not exist, explain why.

92	 CHAPTER 2    Limits and Derivatives

2.2  Exercises

	  1.	 Explain in your own words what is meant by the equation

lim
x l 2

 f sxd − 5

Is it possible for this statement to be true and yet f s2d − 3? 
Explain.

	  2.	 Explain what it means to say that

lim
x l 12

f sxd − 3        and         lim
x l11

 f sxd − 7

�In this situation is it possible that limx l 1 f sxd exists?  
Explain.

	  3.	 �Explain the meaning of each of the following.

	 (a)	 lim
x l

 

23
f sxd − `	 (b)	 lim

x l 41
f sxd − 2`

	 4.	 �Use the given graph of f  to state the value of each quantity,  
if it exists. If it does not exist, explain why.

	 (a)	 lim
x l

 

22
f sxd	 (b)	 lim

x l 21
f sxd	 (c)	 lim

x l 2
 f sxd

	 (d)	 f s2d	 (e)	 lim
x l 4

 f sxd	 (f )	 f s4d

y

0 x2 4

4

2

	 5.	 �For the function f  whose graph is given, state the value of 
each quantity, if it exists. If it does not exist, explain why.

	 (a)	 lim
x l 1

 f sxd	 (b)	 lim
x l 32

f sxd	 (c)	 lim
x l 31

f sxd

	 (d)	 lim
x l 3

 f sxd	 (e)	 f s3d

y

0 x2 4

4

2

	 6.	 �For the function h whose graph is given, state the value of 
each quantity, if it exists. If it does not exist, explain why.

	 (a)	 lim
x l 232

hsxd	 (b)	 lim
x l 231

hsxd	 (c)	 lim
x l 23

hsxd

	 (d)	 hs23d	 (e)	 lim
xl

 

02 
hsxd	 (f )	 lim

x l
 

01 
hsxd

	 (g)	 lim
x l 0

 hsxd	 (h)	 hs0d	 ( i)	 lim
x l 2

 hsxd

	 ( j)	 hs2d	 (k)	 lim
x l

 

51
hsxd	 ( l)	 lim

x l
 

52 
hsxd

y

0 x2_2_4 4 6

	  7.	 �For the function t whose graph is shown, find a number a that 
satisfies the given description.

	 (a)	 lim
x l a

tsxd does not exist but tsad is defined.

	 (b)	 lim
x l a

tsxd exists but tsad is not defined. 

	 (c)	 lim
x l a2

tsxd  and lim
 x l a1

tsxd both exist but lim
 x l a

tsxd  does  

not exist.
	 (d)	 lim

 x l a1
tsxd − tsad but lim

x l a2
tsxd Þ tsad .

y

x2 4 60

	 8.	 �For the function A whose graph is shown, state the following.
	 (a)	  lim 

x l23
 Asxd	 (b)	 lim

x l22
 Asxd	

	 (c)	 lim
x l21

 Asxd	 (d)	  lim 
x l21

 Asxd

	 (e)	 The equations of the vertical asymptotes

0

y

x2_3 5

	 9.	 �For the function f  whose graph is shown, state the following.
	 (a)	 lim 

x l27
 f sxd	 (b)	 lim 

x l23 
 f sxd	 (c)	 lim

x l 0 
 f sxd

	 (d)	 lim
x l 62

f sxd	 (e)	 lim
x l 61

f sxd
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a. lim
x→−3−

h(x)

b. lim
x→−3+

h(x)

c. lim
x→−3

h(x)

d. h(−3)

e. lim
x→0−

h(x)

f. lim
x→0+

h(x)

g. lim
x→0

h(x)

h. h(0)

i. lim
x→2

h(x)

j. h(2)

k. lim
x→5+

h(x)

l. lim
x→5−

h(x)

Solution

4
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Example 3: 2.6.20

Estimate the value of the limit (if it exists) by evaluating the func-
tion at the given numbers, correct to four decimal places.

lim
x→−1

x2
− 2x

x2
− x − 2

x = 0, −0.5, −0.9, −0.99, −0.999, −0.9999,
−2, −1.5, −1.1, −1.01, −1.001, 1.0001

Solution

5
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Infinite Limits

Definition 3: Infinite Limits

Suppose that f(x) is defined on both sides of a, except possibly at
a itself. Then

lim
x→a

f(x) = ∞

means that the values of f(x) can be made as arbitrarily large by
choosing x sufficiently close to a but not equal to a.

	 SECTION 2.2    The Limit of a Function	 89

EXAMPLE 6  Find lim
x l 0

 
1

x 2  if it exists.

SOLUTION  As x becomes close to 0, x 2 also becomes close to 0, and 1yx 2 becomes 
very large. (See the following table.) In fact, it appears from the graph of the function 
f sxd − 1yx 2 shown in Figure 9 that the values of f sxd can be made arbitrarily large by 
taking x close enough to 0. Thus the values of f sxd do not approach a number, so 
lim x l 0 s1yx 2 d does not exist.

	

x
1

x 2

61 1
60.5 4
60.2 25
60.1 100
60.05 400
60.01 10,000
60.001 1,000,000

y=

0

y

x

1
≈

FIGURE 9 � ■

■	 Infinite Limits; Vertical Asymptotes
To indicate the kind of behavior exhibited in Example 6, we use the notation

lim 
x l 0

 
1

x 2 − `

This does not mean that we are regarding ` as a number. Nor does it mean that the limit  
exists. It simply expresses the particular way in which the limit does not exist: 1yx 2 can 
be made as large as we like by taking x close enough to 0.

In general, we write symbolically

 lim 
x l a

 f sxd − `

to indicate that the values of f sxd tend to become larger and larger (or “increase without 
bound”) as x becomes closer and closer to a.

4   Intuitive Definition of an Infinite Limit  Let f  be a function defined on  
both sides of a, except possibly at a itself. Then

 lim 
x l a

 f sxd − `

means that the values of f sxd can be made arbitrarily large (as large as we please) 
by taking x sufficiently close to a, but not equal to a.

Another notation for limx l a f sxd − ` is

f sxd l `        as        x l a

Again, the symbol ` is not a number, but the expression lim x l a f sxd − ` is often read as

“the limit of f sxd, as x approaches a, is infinity”

or	 “ f sxd becomes infinite as x approaches a”

or	 “ f sxd increases without bound as x approaches a”

This definition is illustrated graphically in Figure 10.

FIGURE 10
lim
x l a

 f sxd − `

x

y

x=a

y=ƒ

a0
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Similarly,

lim
x→a

f(x) = −∞

means that the values of f(x) can be made as arbitrarily large
negative by choosing x sufficiently close to a but not equal to a.

90	 CHAPTER 2    Limits and Derivatives

A similar sort of limit, for functions that become large negative as x gets close to a, is 
defined in Definition 5 and is illustrated in Figure 11.

5   Definition  Let f  be a function defined on both sides of a, except possibly at 
a itself. Then

 lim 
x l a

 f sxd − 2`

means that the values of f sxd can be made arbitrarily large negative by taking x 
sufficiently close to a, but not equal to a.

The symbol limx l a f sxd − 2` can be read as “the limit of f sxd, as x approaches a, is 
negative infinity” or “ f sxd decreases without bound as x approaches a.” As an example 
we have

lim
x l

 

 0
 S2

1

x 2D − 2`

Similar definitions can be given for the one-sided infinite limits

	 lim
x l

 

a2
 f sxd − `	 lim

x l
 

a1
 f sxd − `

	 lim
x l

 

a2
 f sxd − 2`	 lim

x l
 

a1
 f sxd − 2`

remembering that x l a2 means that we consider only values of x that are less than a,  
and similarly x l a1 means that we consider only x . a. Illustrations of these four 
cases are given in Figure 12.

(d) lim  ƒ=_`

a

y

0 x

x a+x a_
(c) lim  ƒ=_`

y

0 a x

(a) lim  ƒ=`

y

0 a x

x a_
(b) lim  ƒ=`

a

y

x

x a+

0

FIGURE 12

6   Definition  The vertical line x − a is called a vertical asymptote of the  
curve y − f sxd if at least one of the following statements is true:

	 lim
x l

 

a
 f sxd − `	 lim

x l
 

a2
 f sxd − `	 lim

x l
 

a1
 f sxd − `

	 lim
x l

 

a
 f sxd − 2`	 lim

x l
 

a2
 f sxd − 2`	 lim

x l
 

a1
 f sxd − 2`

For instance, the y-axis is a vertical asymptote of the curve y − 1yx 2 because 
limx l 0 s1yx 2 d − `. In Figure 12 the line x − a is a vertical asymptote in each of the  
four cases shown. In general, knowledge of vertical asymptotes is very useful in sketch-
ing graphs.

When we say a number is “large 
negative,” we mean that it is nega- 
tive but its magnitude (absolute 
value) is large.

0 x

y

x=a

y=ƒ

a

FIGURE 11 
lim
x l a

 f sxd − 2`
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Definition 4: Vertical Asymptotes

The line x = a is called a vertical asymptote of the curve y = f(x)
is at least one of the following statements is true

lim
x→a

f(x) = −∞ lim
x→a−

f(x) = −∞ lim
x→a+

f(x) = −∞

lim
x→a

f(x) = +∞ lim
x→a−

f(x) = +∞ lim
x→a+

f(x) = +∞

means that the values of f(x) can be made as arbitrarily large
negative by choosing x sufficiently close to a but not equal to a.

6
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The graphs below illustrate how functions behave near vertical asymp-
totes.

90	 CHAPTER 2    Limits and Derivatives

A similar sort of limit, for functions that become large negative as x gets close to a, is 
defined in Definition 5 and is illustrated in Figure 11.

5   Definition  Let f  be a function defined on both sides of a, except possibly at 
a itself. Then

 lim 
x l a

 f sxd − 2`

means that the values of f sxd can be made arbitrarily large negative by taking x 
sufficiently close to a, but not equal to a.

The symbol limx l a f sxd − 2` can be read as “the limit of f sxd, as x approaches a, is 
negative infinity” or “ f sxd decreases without bound as x approaches a.” As an example 
we have

lim
x l

 

 0
 S2

1

x 2D − 2`

Similar definitions can be given for the one-sided infinite limits

	 lim
x l

 

a2
 f sxd − `	 lim

x l
 

a1
 f sxd − `

	 lim
x l

 

a2
 f sxd − 2`	 lim

x l
 

a1
 f sxd − 2`

remembering that x l a2 means that we consider only values of x that are less than a,  
and similarly x l a1 means that we consider only x . a. Illustrations of these four 
cases are given in Figure 12.

(d) lim  ƒ=_`

a

y

0 x

x a+x a_
(c) lim  ƒ=_`

y

0 a x

(a) lim  ƒ=`

y

0 a x

x a_
(b) lim  ƒ=`

a

y

x

x a+

0

FIGURE 12

6   Definition  The vertical line x − a is called a vertical asymptote of the  
curve y − f sxd if at least one of the following statements is true:

	 lim
x l

 

a
 f sxd − `	 lim

x l
 

a2
 f sxd − `	 lim

x l
 

a1
 f sxd − `

	 lim
x l

 

a
 f sxd − 2`	 lim

x l
 

a2
 f sxd − 2`	 lim

x l
 

a1
 f sxd − 2`

For instance, the y-axis is a vertical asymptote of the curve y − 1yx 2 because 
limx l 0 s1yx 2 d − `. In Figure 12 the line x − a is a vertical asymptote in each of the  
four cases shown. In general, knowledge of vertical asymptotes is very useful in sketch-
ing graphs.

When we say a number is “large 
negative,” we mean that it is nega- 
tive but its magnitude (absolute 
value) is large.

0 x

y

x=a

y=ƒ

a

FIGURE 11 
lim
x l a

 f sxd − 2`
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lim
x→a−

f(x) = +∞ lim
x→a+

f(x) = +∞ lim
x→a−

f(x) = −∞ lim
x→a+

f(x) = −∞

Example 4: 2.2.8

For the function R(x) whose graph is shown below, state the fol-
lowing

92	 CHAPTER 2    Limits and Derivatives

2.2  Exercises

	  1.	 Explain in your own words what is meant by the equation

lim
x l 2

 f sxd − 5

Is it possible for this statement to be true and yet f s2d − 3? 
Explain.

	  2.	 Explain what it means to say that

lim
x l 12

f sxd − 3        and         lim
x l11

 f sxd − 7

�In this situation is it possible that limx l 1 f sxd exists?  
Explain.

	  3.	 �Explain the meaning of each of the following.

	 (a)	 lim
x l

 

23
f sxd − `	 (b)	 lim

x l 41
f sxd − 2`

	 4.	 �Use the given graph of f  to state the value of each quantity,  
if it exists. If it does not exist, explain why.

	 (a)	 lim
x l

 

22
f sxd	 (b)	 lim

x l 21
f sxd	 (c)	 lim

x l 2
 f sxd

	 (d)	 f s2d	 (e)	 lim
x l 4

 f sxd	 (f )	 f s4d

y

0 x2 4

4

2

	 5.	 �For the function f  whose graph is given, state the value of 
each quantity, if it exists. If it does not exist, explain why.

	 (a)	 lim
x l 1

 f sxd	 (b)	 lim
x l 32

f sxd	 (c)	 lim
x l 31

f sxd

	 (d)	 lim
x l 3

 f sxd	 (e)	 f s3d

y

0 x2 4

4

2

	 6.	 �For the function h whose graph is given, state the value of 
each quantity, if it exists. If it does not exist, explain why.

	 (a)	 lim
x l 232

hsxd	 (b)	 lim
x l 231

hsxd	 (c)	 lim
x l 23

hsxd

	 (d)	 hs23d	 (e)	 lim
xl

 

02 
hsxd	 (f )	 lim

x l
 

01 
hsxd

	 (g)	 lim
x l 0

 hsxd	 (h)	 hs0d	 ( i)	 lim
x l 2

 hsxd

	 ( j)	 hs2d	 (k)	 lim
x l

 

51
hsxd	 ( l)	 lim

x l
 

52 
hsxd

y

0 x2_2_4 4 6

	  7.	 �For the function t whose graph is shown, find a number a that 
satisfies the given description.

	 (a)	 lim
x l a

tsxd does not exist but tsad is defined.

	 (b)	 lim
x l a

tsxd exists but tsad is not defined. 

	 (c)	 lim
x l a2

tsxd  and lim
 x l a1

tsxd both exist but lim
 x l a

tsxd  does  

not exist.
	 (d)	 lim

 x l a1
tsxd − tsad but lim

x l a2
tsxd Þ tsad .

y

x2 4 60

	 8.	 �For the function A whose graph is shown, state the following.
	 (a)	  lim 

x l23
 Asxd	 (b)	 lim

x l22
 Asxd	

	 (c)	 lim
x l21

 Asxd	 (d)	  lim 
x l21

 Asxd

	 (e)	 The equations of the vertical asymptotes

0

y

x2_3 5

	 9.	 �For the function f  whose graph is shown, state the following.
	 (a)	 lim 

x l27
 f sxd	 (b)	 lim 

x l23 
 f sxd	 (c)	 lim

x l 0 
 f sxd

	 (d)	 lim
x l 62

f sxd	 (e)	 lim
x l 61

f sxd
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a. lim
x→−3

R(x)

b. lim
x→−1

R(x)

c. lim
x→2−

R(x)

d. lim
x→2+

R(x)

e. lim
x→2

R(x)

f. The equations of the vertical asymptotes.

Solution
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Example 5: 2.2.12

Sketch the graph of the function and use it to determine the values
of a for which lim

x→a
f(x) exists.

f(x) =

⎧
⎪⎪⎪⎪
⎨
⎪⎪⎪⎪
⎩

3
√

x ; x ⩽ −1

x if − 1 < x ⩽ 2

(x − 1)2 ; x > 2

Solution

Example 6: 2.2.24

Use a table of values to estimate the value of the limit.

lim
p→−1

1 + p9

1 + p15

Solution
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Example 7: 2.2.26

Use a table of values to estimate the value of the limit.

lim
x→0+

x2 lnx

Solution

Example 8: 2.2.28

Determine the infinite limit

lim
x→5−

x + 1

x − 5

Solution

9
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Example 9: 2.2.32

Determine the infinite limit

lim
x→3−

3
√

x

(x − 3)5

Solution

Example 10: 2.2.34

Determine the infinite limit

lim
x→0+

ln(sinx)

Solution

10
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Example 11: 2.2.36

Determine the infinite limit

lim
x→π−

cotx

Solution

Example 12: 2.2.38

Determine the infinite limit

lim
x→3+

x2
+ 4x

x2
− 2x − 3

Solution
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Example 13: 2.2.40

Determine the infinite limit

lim
x→0+
(

1

x
− lnx)

Solution

Example 14

Find the vertical asymptote(s) of the function

y =
x2
+ 1

3x − 2x2

Solution

12
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