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INTRODUCTION TO LIMITS

m Functions and Graphs: Brief Review
m Limits: A Graphical Approach

m Limits: An Algebraic Approach

m Limits of Difference Quotients

Basic to the study of calculus is the concept of a /imit. This concept helps us to
describe, in a precise way, the behavior of f(x) when x is close, but not equal, to a
particular value c¢. In this section, we develop an intuitive and informal approach to
evaluating limits. Our discussion concentrates on developing and understanding
concepts rather than on presenting formal mathematical details.

B Functions and Graphs: Brief Review

The graph of the function y = f(x) = x + 2isthe graph of the set of all ordered pairs
(x,f(x)).Forexample,if x = 2,then f(2) = 4and (2, f(2)) = (2, 4)isapoint on the
graph of f Figure 1 shows (=1, f(—1)), (1, £(1)). and (2, f(2)) plotted on the graph
of f Notice that the domain values —1, 1, and 2 are associated with the x axis and the
range values f(—1) = 1, f(1) = 3,and f(2) = 4 are associated with the y axis.

Given x, it is sometimes useful to be able to read f(x) directly from the graph of f
Example 1 reviews this process.

EXAMPLE 1

Finding Values of a Function from Its Graph Complete the following table,
using the given graph of the function g:
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SOLUTION

MATCHED PROBLEM 1

To determine g{.x), proceed vertically from the x value on the x axis to the graph ofg
and then horizontally to the corresponding y value g(x) on the y axis (as indicated by
the dashed lines):

glx)
5 ;
\Y X g(x)
i ——t——1—1 =2 40
|
™ Ly 1 25
} 3 1.5
-3 4 1.0
|
Complete the following table, using the given graph of the function /:
hg.\'} ~ h(x)
S | i
/ [ !
> 2
4 5 = 3
4
[ — ]

B Limits: A Graphical Approach

We introduce the important concept of a fimit through an example, which will lead
to an intuitive definition of the concept.

SOLUTION

Analyzing a Limit Let f(x) = x + 2. Discuss the behavior of the values of f(x)
when x is close to 2.

We begin by drawing a graph of fthat includes the domain value x = 2 (Fig. 2).

S
b

fteh flxy=x+ 2

FIGURE 2

In Figure 2, we are using a static drawing to describe a dynamic process. This requires
careful interpretation. The thin vertical lines in Figure 2 represent values of x that are
close to 2. The corresponding horizontal lines identify the value of f{x) associated with




MATCHED PROBLEM 2\

DEFINITION
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each value of x. [Example 1 dealt with the relationship between x and f{x) on a graph.]
The graph in Figure 2 indicates that as the values of .x get closer and closer to 2 on
either side of 2. the corresponding values of f{x) get closer and closer to 4. Symbol-
ically, we write

]_i_tp_’f(x) =4

This equation is read as “The limit of f(x) as x approaches 2 is 4.” Note that f(2) = 4.
That is, the value of the function at 2 and the limit of the function as x approaches 2
are the same. This relationship can be expressed as

lim f(x) = £(2) = 4

Graphically, this means that there is no hole or break in the graph of fat x = 2. =

Let f(x) = x + 1. Discuss the behavior of the values of f(x) when v is close to 1.
—_—

We now present an informal definition of the important concept of a limit. A
precise definition is not needed for our discussion, but one is given in a footnote.*

Limit

We write

lim f(x) = L or f(x)—=L as x—c¢

Ir—c

if the functional value f(x) is close to the single real number L whenever x is close,
but not equal, to ¢ (on either side of ¢).

Note: The existence of a limit at ¢ has nothing to do with the value of the function
at ¢ In fact, ¢ may not even be in the domain of £ However, the function must be de-
fined on both sides of ¢.

The next example involves the absolute value function:
; —x ifx<0 f(-2)=|-2li="=(=2):
£ =1+l = { see

x ifx=0 A3) =3 =

The graph of fis shown in Figure 3,

FIGURE 3 f(x) = |x|

*To make the informal definition of limir precise, the use of the word close must be made more precise.
This is done as follows: We write lim, ., f(x) = L il for cach e > 0, there exists a d > 0 such that

| f(x) = L] < e whenever 0 < |x — ¢| < d. This definition is used to establish particular limits and to
prove many useful properties of limits that will be helpful to us in finding particular limits. [Even though
intuitive notions of a limit existed for a long time, it was not until the nineteenth century that a precise
definition was given by the German mathematician Karl Weierstrass (1815-1897).]
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EXAMPLE 3 Analyzing a Limit Let #(x) = |x|/x. Explore the behavior of /i(x) for x near. but

SOLUTION

hix)
Y

P

| «— flifv)

. a0 | |

Tt ==

[0y |

T{x)— — 1

—7 e

FIGURE 4

|[MATCHED PROBLEM 3

- DEFINITION

not equal, to 0. Find lim,_.o/(x) if it exists.

The function / is defined for all real numbers except 0. For example,

|-2| _ 2
h(—2)=72=72:—1
0
h(0) —%—% lot defined
2
h(2) =|-2—|=§:1

In general, h{x) is —1 for all negative x and 1 for all positive x. Figure 4 illustrates the
behavior of /1(x) for x near 0. Note that the absence of a solid dot on the vertical axis
indicates that / is not defined when x = 0. '

When x is near 0 (on either side of 0), is /i(x) near one specific number? The an-
swer is “No,” because /i(x) is —1 for x < 0 and 1 for x > 0. Consequently, we say
that

X
lim — does not exist

x—0

Thus, neither s1{x) nor the limit of /i(x) exists at v = (. However, the limit from the

left and the limit from the right both exist at 0, but they are not equal. -
Graph
x =2
h(x) = 7“ Y

and find lim,_., i(x) if it exists.
(RN}

In Example 3, we saw that the values of the function ii(x) approached two differ-
ent numbers, depending on the direction of approach, and it was natural to refer to
these values as “the limit from the left” and “the limit from the right.” These expe-
riences suggest that the notion of one-sided limits will be very useful in discussing basic
limit concepts.

One-Sided Limits

We write

lim f(x) = K x— ¢ isread “xapproaches ¢ from
X—rc

the left"” and means x —c¢ and x <

c.

and call K the limit from the left or the left-hand limit if f(x) is close to K whenever
x is close to, but to the lelt of, ¢ on the real number line. We write

lim f(x) =L x—c"isread "xapproaches c from
x—rc”

the right” and means x —c and x > ¢.

and call L the limit from the right or the right-hand limit if f{x) is close to L when-
ever x is close to, but to the right of, ¢ on the real number line.

If no direction is specified in a limil statement, we will always assume that the limit
is two sided or unrestricted. Theorem 1 states an important relationship between
one-sided limits and unrestricted limits.
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ON THE EXISTENCE OF A LIMIT

For a (two-sided) limit to exist, the limit from the left and the limit from the right must
exist and be equal. That is,

lim f(x) = L if and only if 'li_ﬁrrgff(x) = lim f(x) =L

x—e’

In Example 3,

x| ..
lim — = —1 and lim — =1
T X r—0" X

Since the left- and right-hand limits are 1ot the same,

x| .
lm},T does not exist
X -

EXAMPLE 4

SOLUTION

FIGURE 5

Analyzing Limits Graphically Given the graph of the [unction f shown in
Figure 5, discuss the behavior of f{x) for x near (A) —1, (B) 1,and (C) 2.

{A) Since we have only a graph to work with, we use vertical and horizontal lines to
relate the values of x and the corresponding values of f{x). For any x near —1
on either side of —1, we see that the corresponding value of f{x), determined by
a horizontal line, is close to 1.

S
5T c\
47 .]ilﬂ—f(x) =1
it lim f(x) =1
Z-"},ﬂ vlﬂ]]; flx) =1
= | fl=1]=1

| flx)

i : ! >

-3 A=F =% | 2 3

(B) Again, for any x near, but not equal to, 1, the vertical and horizontal lines indicate
that the corresponding value of f{x) is close to 3. The open dot at (1, 3), together
with the absence of a solid dot anywhere on the vertical line through x = 1,
indicates that f(1) is not defined.

ﬂf]

51 \

4T ll_l;l;l flx) =3
? ll_1_1|1 flx)y=3

lim] flx) =3
]
f(1) not defined

X—s | X 3
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(C) The abrupt break in the graph at x = 2 indicates that the behavior of the graph
near x = 2 is more complicated than in the two preceding cases. If x is close fo
2 on the left side of 2, the corresponding horizontal line intersects the y axis al
a point close to 2. If x is close to 2 on the right side of 2, the corresponding
horizontal line intersects the y axis at a point close to 5. Thus, this is a case where
the one-sided limits are different.

fny f(x) =2
lim f(x) =35

lim f(x) does not exist
=2
f(2) =2

MATCHED PROBLEM 4‘ Given the graph of the function fshown in Figure 6, discuss the following, as we did
i : in Example 4:

(A) Behavior of f{(x) for x near 0

(B) Behavior of f{x) for x near 1

(C) Behavior of f(x) for x near 3

fix)
h

44+

5\?

FIGURE 6

In Example 4B, note that IimI f(x) exists even though fis not defined at x = | and the
=¥ o

graph has a hole at x = 1. In general, the value of a function at x = ¢ has no effect on the

limit of the function as x approaches c.

B Limits: An Algebraic Approach

Graphs are very useful tools for investigating limits, especially if something unusual
happens at the point in question. However, many of the limits encountered in calcu-
lus are routine and can be evaluated quickly with a little algebraic simplification,
some intuition, and basic properties of limits. The following list of praperties of lim-
its forms the basis [or this approach:
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THEOREM 2 PROPERTIES OF LIMITS

Explore & Discuss 1

Let fand g be two functions, and assume that
lim f(x) = L lim g(x) = M
X—=rc . S~

where L and M are real numbers (both limits exist). Then

1. lim k = k& for any constant &

2. ildmL xX=c
3. lm{f(x) + g(x)] = lim f(x) + lim g(x) = L + M
4 lim(f(x) - g(x)] = lim f(x) - lim g(x) = L — M
5 ‘!_im_kf(x) =k !]_.nl f'(;:) = kL 'for any constant &
6. lim[f(x) - g(x)] = [lim f(x)][lim g(x)] = LM

gl |

Ta—eg(x)  lim g(x) M RN
X—=*g

8. lﬂ)\%‘(i) = \'V!lp_'l flx) = /I, L > 0forneven

Each property in Theorem 2 is also valid if x — ¢ is replaced everywhere by x — ¢~
or replaced everywhere by x — ¢*,

The properties listed in Theorem 2 can be paraphrased in briel verbal statements.
For example, property 3 simply states that the limit of a sum is equal to the sum
of the limits. Write brief verbal statements for the remaining properties in
Theorem 2.

EXAMPLE 5 Using Limit Properties Find lim%(xz — 4x).

SOLUTION

MATCHED PROBLEM 5

lim(x* — 4x)|= lim x* — lim 4x | Property 4
x—3 | xr—3 r—3 i L

———————————————————————————

| . . . 1
i (.1'3% ) (1‘2’3*) ~ 4T | Froperties 5 and 6
|

___________________________

=3-3-4:3=-3 Property 2
With a little practice, you will soon be able to omit the steps in the dashed boxes and
simply write

lrin‘!*(,t274,r}=3-344.3=_.3 .

Find lim (x* + 5x).
et

What happens if we try to evaluate a limit like the one in Example 5, but with x
approaching an unspecified number, such as ¢? Proceeding as we did in Example 5,
we have

lim(x* —dx) =crc—4drc=c"—dc
X=rg
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THEOREM 3

If we let f(x) = x* — 4x, we have

lim f(x) = lim(x* — 4x) = ¢ = 4c = f(c)

That is, this limit can be evaluated simply by evaluating the function f at c. It would
certainly simplify the process of evaluating limits if we could identify the functions

for which

lim f{x) = f(c)

o

(1)

since we could use this fact to evaluate the limit. It turns out that there are many
functions that satisfy equation (1). We postpone a detailed discussion of these func-

tions until the next section. For now, we note that if

Fx) = aux" + g X"t + e

+ ay

is a polynomial function, then, by the properties in Theorem 1,

lim f(x) = lim(a,x" + @y x" ' + -+ + tp)
X— x—rc
= @y + @ "+ o+ o4y = f(c)
and if
n(x)
rix) = 3
() d(x)

is a rational function, where n(x) and d(x) are polynomials with d(c) 5 0, then, by
property 7 and the fact that polynomials n(x) and d(x) satisfy equation (1),

n(x)  Imn¥) e

limr(x) = lim = =

£ s—cd(x)  limd(x)  d(c)

A=

These results are summarized in Theorem 3.

= 1(c)

LIMITS OF POLYNOMIAL AND RATIONAL FUNCTIONS

L lim f(x) = f(c) Jany polynomial function

2. limr(x) = r(c¢)  rany rational function with a nonzero denominator at x = ¢

X—*C

EXAMPLE 6

SOLUTION

MATCHED PROBLEM GI

Evaluating Limits Find each limit:

(A) lim(x* =5x = 1)  (B) lim V2 +3  (C) lim

y—=43x + 1

(A) lim (#¥*=5x—-1)=22-5:2-1=-3 Theorem3

(B) lim!\/?_xz +3=V lim (2% +3)  Froperty &
== ) T e

= V2(-1) + 3 Theorem 3
=45

2x 2-4
o) i = Thagrem 3
& e ol S Fasd e
_8
13

Find each limit:

(A) I_iml(.\r"1 - 2x +3) (B) ]im_J Vi3 — 6 {(C) lim
b I

-2 A2 +

g

2

[ |
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EXAMPLE 7

SOLUTION

MATCHED PROBLEM 7‘

Evaluating Limits Let
¥+1 ifx<2
flx) = {.r -1 ifx>2
Find
(A) lim f(x)  (B) lim f(x) (O limf(x) (D) f(2)

(A) lim f(x) = lim (¥ +1) Fx<2f(x)=x*+1

Py X3

=22+1=5
(B) lim f(x) = lim (x — 1) Ifx>2flx) =x—1
x—2 x—2"
=2-1=1

(C) Since the one-sided limits are not equal, ]im2 f(x) daes not exist.
X

(D) Because the definition of f does not assign a value to ffor x = 2, only for x < 2
and x > 2, f(2) does not exist. =

Let
oy J2x+3 ifx <35
”")ﬁ{-.w 2 ifx>5

Find each limit:

(A) lim f(x)  (B) lim f(x) (O lim f(x) (D) f(5)

—_— |

It is important to note that there are restrictions on some of the limit properties.
In particular, if
- ' o e o 18]
lim f(x) =0 and limg(x) =0, then finding lim ~——=
X—*t X X3 g(\)
may present some difficulties, since limit property 7 (the limit of a quotient) does not
apply when lim g(x) = 0. The next example illustrates some techniques that can be
L s

useful in this situation.

EXAMPLE 8

SOLUTION

Evaluating Limits Find each limit:

‘)‘
vy —4
(A) lim

=2 x =2

(A) Algebraic simplification is often useful when the numerator and denominator
are both approaching 0.
v -4 (x =2)}x + 2)

lim - = lim
=2 X — r—2 x—2

= lim(x +2) = 4

(B) One-sided limits are helpful for limits involving the absolute value function.

Coxx+ 1 ) |x + 1]
- A e Fw > —1 the =1

Jm ST = ) = 1 > e

x[x + 1] |x + 1]

m = lim (—x) =1 [Ifx < —1 then =
== x+1 ,r"'-l'( ) " X+ 1
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MATCHED PROBLEM 8

DEFINITION

Since the limit from the left and the limit from the right are not the same, we
conclude that

o x[x+ 1 :
lim ——— does not exist =
x=-1 x + 1
Find each limit:
X +4x 4+ 3 % 6
S A T =a

In the solution to part A of Example 8, we used the following algebraic identity:

=4 (x=2)x+2)
= =y -+ X #32
Fi—i x=2 v 2 :

The restriction x # 2 is necessary here because the first two expressions are not defined
al x = 2. Why didn’t we include this restriction in the solution in part A? When x
approaches 2 in a limit problem, it is assumed that x is close, but not equal, to 2, It is
important that you understand that both of the following stalements are valid;

-4 -4 _

S 5 =x+2 y#
5 .\1-'—'1-12('1+2) P x+2 x#2

lim
=2 X =

Limits like those in Example 8 occur so frequently in calculus that they are givena
special name.

Indeterminate Form

THEOREM 4

If lim f(x) = 0and lim g(x) = 0, then ]imf
x—rc e g(x

S S 4

i is said to be indeterminate, or, mor¢

specifically, a 0/0 indeterminate form.

The term indeterminate is used because the limit of an indeterminate form may or
may not exist (see parts A and B of Example 8).

Caumion The expression 0/0 does not represent a real number and should never be
used as the value of a limit. If a limit is a 0/0 indeterminate form, further investiga-
tion is always required to determine whether the limit exists and to find its value if il
does exist.

If the denominator of a quotient approaches 0 and the numerator approaches

nonzero number, the limit of the quotient is not an indeterminate form. In fact,
limit of this form never exists, as Theorem 4 states.

LIMIT OF A QUOTIENT

If lim f(x) = L, L # 0,and lim g(x) = 0,

A=

then

does not exist.
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Use algebraic and/or graphical techniques to analyze each of the following
indeterminate forms:

e o i
© me—1y

[ — 1)
2-1

-1
(A) lim S—  (B) lim
x=lys — 1 x—1

B Limits of Difference Quotients

Let the function fbe defined in an open interval containing the number a. One of the
most important limits in calculus is the limit of the difference quotient:
. fla+h) — f(a)
i A

1
It :;1—-0 h

lim [f(a + h) — f(a)] =0

hi—0

3)

as it often does, then limit (3) is an indeterminate form. The examples that follow
illustrate some useful techniques for evaluating limits of difference quotients.

EXAMPLE 9

SOLUTION

MATCHED PROBLEM 9 ‘

Explore & Discuss 3

Limit of a Difference Quotient Find the following limit for f(x) = 4x — 5:

i F@+h) - f(3)
im—

h—0 h
B+ h) = f(3) . [4(3+ 1) — 5] - [4(3) — 5] Since this is a 0/0
lim : = lim : .
h—0 h =) h !
. 12+4h—-5-12+ 5
= lim
=0 h

. 4h : of:
lim— = lim4 = 4 g
h—0o h h—0 simplification. wm

4+ h) — f(4
Find the following limit for f(x) = 7 = 2x: lim &%

_—

The following is an incorrect solution to Example 9, with the invalid statements
indicated by #:
. f3+hR) - f(3) . M3+ h)—5-4(3) -5
lim # lim
h=0 h hi—0 h

—10 + 4h
o M
h—0 h

Explain why each # is used.

EXAMPLE 10

Limit of a Difference Quotient Find the following limit for f(x) =|x + 5|:

f(=5+h) - J(=5)
h

lim
h—0



510 CHAPTER 10 Limits and the Derivative

SOLUTION
. f(=5+h)=f(=5)  |(=5+h)+3]—|-5+3]|
lim = lim
h—0 h h—0 h

h
= lim— does not exist
h—0 N1

r . o . (1 uk) = F(1)
| MATCHED PROBLEM 10‘ Find the following limit for f(x) = |x — 1]: Jim =

IETXTITEEN it of a Difference Quotient Find the following limit for £(x) = V/:

SOLUTION

RTINS (¢

2 =0 h

.m\/2+ ~ N2 Va+h+ V2

=1l : (A—B)A+B)=A" -8
=0 h V2+h+V2 k3 4 )

24+ h-2

= lim
POR(NV2 + h+ V72)

1
= lim—————
=02 + i+ V2

1 1

“ViiVa 22 3

; 3+ h)—-f(3
MATCHED PROBLEM 11 \ Find the following limit for f(x) = Vx: llin-(.]f(—zf-(—).

Answers to Matched Problem 1,
i -2 -1 0 1 2 3 4

h(x) 1.0 L5 20 25 3.0 35 4.0

Ll x) = . hix) R T i
2 llﬂllf( x) =2 3 N 1er12 = 2] does not exist
3 ; =2
hix) =7
2 x—2 r
14 —_
i 1t
-1 [ % U 3
e o
=24
_3__
4. (A) lim f(x) =0 (B) lim f(x) =1
lin{'}' f(x)=20 lin|1‘ flx)=2
X x—*
lin}} flx)y=20 ]irnt f(x) does not exist
X o

f(0)y=10 f(1) not defined
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Section 10-1 Introduction to Limits
(© lim f(x) =3 5. -6
lim f(x) =3 6. (A) 6
x—3* \/_
lim f(x) = 3 (B) Vo
x—3 (C) 4
f(3) not defined 3
7. (A) 13 8. (A) -2
(B) 7 (B) Does not exist

(C) Does not exist
(D) Not defined

9. —2 10. Does not exist 11. 1/(2\/5)

In Problems 1-4, use the graph of the function f shown to 5.(A) lim g (x) (B) [lim_g (x).
estimate thg indicated limits and function values. '(C) leI g(x) (D) g(1)
(E) Isit possible to define g(1) so that
f([f) lim1 g(x) = g(1)? Explain.
: 6. (A) lin21_g(x) (B) linzl,g(x)
4 x> x—>
] | © lmg(x) (D) g@)
TN . 7. (A) lim g(x) (B) lim g(x)
— T ' (C) limg(x) (D) 5(3)
[ (E) Isit possible to redefine g(3) so that
¥ lim g(x) = g(3)? Explain.
L (A) lim f(x) (B) lim f(x) 8. (A) lim g(x) (B) lim g(x)
(©) lim f(x) (D) f(0) (©) limg(x) ) &4

2.(A) lim f(x)
(©) lim f(x)

3.(A) lim f(x)
(©) lim f(x)

(E) Is it possible to redefine f(2) so that

(B) lim_f(x) ' '
L In Problems 9-12, use the graph of the function f shown to

(D) f(1) estimate the indicated limits and function values.
(B) lim f(x)
(D) f(2) fx)

leZ f(x) = f(2)? Explain.

4. (A) lim f(x)
(©) lim f(x)

(B) lim f(x)

li_rg f(x) = f(4)? Explain.

- > X
(D) f(4) “5;\! J 3
. (E) Isitpossible to define f(4) so that ; 6 T B 12 £ O
AP

In Problems 5-8, use the graph of the function g shown to
estimate the indicated limits and function values.

9. (A) lim f(x) (B) lim_f(x)

&) (€) lim f(x) (D) f(=3)
(E) Isit possibie. to redefine f (—3-) so that

(4 ‘inlsf(x) = f(—=3)? Explain.

L L T 10.(4) lim f() - (B) lim /()

—F n O m s OS2

= t- 4\\ (E) Isit possible to define f(—2) so that

s i Yli’rr_lzf(x) = f(—2)? Explain.

511
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1L (A) lim f(x) (B) lim f(x)
(€) lim £(x) (D) f(0)

(E) Isit possible to redefine f(0) so that
lin})f(x) = f(0)? Explain.
=0y

12. (A) lim f(x) (B) lim £(x)
(©) lim /(x) (D) f2)

(E) Isit possible to redefine f(2) so that
lim2 f(x) = f(2)? Explain.

In Problen'1s 13-22, find each limit if it exists.

13, lim 4x 14 lim 3x

15. xlln_l‘:(x +3) 16. 11_>n'é(x =3
17. 'li_)mzx(x = 4) 18. Xli)n_llx(x + 3)
B i g MRS

21. }erll\/m 22. lim V16 — 7x

Given that lim,_,, f(x) = =5 and lim,_,, g(x) = 4, find the
“indicated limits in Problems 23-34. '

23. lim (=3)f (x) 24. lim 2g(x)

25. Im[2f(x) + g(x)] * 26 lim{g(x) = 3f¢x)] |
2= f(x) . 3-f(x)

- Py B Bihe

29. limf(x)[2 — g(x)]  30. lim[f(x) — Tx]g(x)
3L limVg(x) ~ f(x) 32 ;er}\?zx + 2f(x)

33. lim[f(x) + 177 34. lim[2 — g(x0)P

. In Problems 35-38, sketch a possible graph of a function
that satisfies the given conditions.

35 £(0) = §; lim f(x) = 3; lim f(x) =1

36. f{1) = =2; lim_f(x) = 2; lim_f(x) = -2
3. f(=2) = 2 lim f(x) =1; lim f(x) =1
38. £(0) = =1 lim f(x) = 2; lim f(x) =2

T‘ .
In Problems 39-54, find each indicated quantity if it exists.

1-x2 ifx=0

GiF Al {1 +2 x>0
(A) lim f(x) (B) lim f(x)
(©) lim f(x) (D) f(0)

; 2+x ifxs
40. Let f(x) = {2 _i ifi = g. Find

(A) lim f(x) - (B) lim f(x)
(C) lim f(x) (D) f0)

Find

41.

42.

43.

4.

45.

" 46.

47.

49.

50.

Let f(x) = {;i gf{z 1 Find
(A) lim f(x) (B) lim f(x)
(©) lim f(x) (D) f(1)

X +3 if ¥ < =gy,
Letf(x)—{m ifx>~2'F1nd

(A) Jim f(x)  (B) lim f(x)

(©) lim_ f(x) (D) f(-2)
,"2;39 if x <0

Let f(x) = xz : . Find
—— e

(A) lim f(x)
(©) lim f(x)

(B) lim f(x)

i3 ifx <0
2
Let f(x) = B . Find
ifx >0
x=3

(A) lim_f(x)
(©) tim f(x)

lx—1] .
Let f(x) = T . Find

(A) lim /(x) (B) lim £(x)

(B) lim f(x)

(©) lim f(x) (D) f(1)
Lt i) = G—:; Find

(A) lim f(x)
(©) lim £(x)

(B) lith f(x)
(D) £3)

P ag
Let fx) <325 Find 1\ 5
(A) lim /() (B) lim f(x)
(©) lim f(x)

x+.3
Let f(x) = x? + 3x

(A) lim f(x)
(©) lim f(x)

. Find

(8) lim /(x)

2—x

Let f(x) = }~;+—2_6 Find
(A) lim_f(x) (B) lim £(x)
(©) lim (x)

Let f(x) = % Find
(A) Jim £ (x) (B) lim f(x)

(€) lim f(x)



