1 Limits
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1.1 Graphically

The easiest way to get an intuition about limits is to first look at them graphically.

Informally we say, a limit exists at a point if we can trace THE CURVE (the function) inwards
of the x value that we are finding the limit at) and tend towards the same y value (reach the same height on the y axis)

Let’s look at the limits of the following functions to demonstrate this idea:
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left

This limit exists at x = 2

The value of the limit is 3
and we
say the limit is equal to 3

left
34

This limit exists at x = 2

The value of the limit is 3
and we say the limit is
equalto 3

Note: Notice how we don’t know the value
of the function at x = 2 since the circle is
not filled in (unlike the example on the left).
This doesn’t matter. All we can say is that
as we approach 2, the limit is 3. So, we can
ignore what happens when we get there
(i.e.atx = 2).

left |

/Zf;"

This limit exists at x = 2

The value of the limit is 5
and we say the limit is
equal to 5.

As we get closer and closer to x = 2 the
answer gets closer and closer to 5.

Note: The value of the function at a point
does not necessarily have to be equal to
the value of the limit at that point. Notice
how here we know the value of the
function at x = 2, but is not equal to
value of the limit. The value of the
function at x = 2 is 3 and the value of
the limit at x = 2 is equal to 5. This
doesn’t matter.

leftl

/Jr,

+

right

This limit DOES NOT exist at x = 2
and the value of the limit
isequalto 5

These values are not the same (not equal),
so the limit DOES NOT exist.

Let’s look at some slightly harder examples where the limit does not exist

N

This limit DOES NOT exist at x = 0

The limit diverges to oo (even
though the limits are equal
meaning they are both tend to
infinity and hence the same from
the left and right there is no
limit since they are infinite limits)

-

This limit DOES NOT exist at
x=0 x=a
The limit diverges to —oo
(even though the limits are
equal meaning they both
tend to — infinity and hence
are the same from the left
and right there is no limit
since they are infinite limits)

left is 0.

The limit does not exist at

x=0

The limit DOES NOT exist at

| \\WLm‘

1

The limit DOES NOT exist at
x=0

This is because of oscillatory

The limit from the right is
—oo and the limit from the

The limit from the right is O,
but the function isn’t defined
for values to the leftof x = 0
meaning there are no values
to the left of x = 0 so there is
no limit from the left. Thus,
we can’t take a limit from that
side.

behavior. The graph of the
function oscillates infinitely up
and down as x approaches 0.
f(x) oscillates between —1
and 1.
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Notation
We also have a special notation to talk about limits. Let’s consider our very first example.

We have already seen that this limit of the function f(x) exists at x = 2 and is equal to 3. More formally we can write this as

lim f(x) =3
x-2
In English this says:
. The symbol lim means we're taking a limit of something. When you see "limit", think "approaching”. A limit is the value that a function approaches as the x value
approaches some value.
. The expression f(x) to the right of lim is the expression we're taking the limit of. In our case, that's the function f
. The expression x = 2 that comes below lim means that we take the limit of the function f as values of x approaches 2.

More generally, we say, a limit exists at a point x, and is equal to [ if we can trace the graph of f(x) inwards from either side of the point which has an x coordinate of x,
and tend towards the same y value/height which is [

-f(x)

We write this as
lim f(x) =1

In English this says that as x approaches x, (from the left or the right side of x,, of the function f(x)), the function approaches a y value of L.

One Sided Limits Versus Two Sided Limits

Tracing the curve from EITHER SIDE (one side at a time i.e. from the left or from the right) are called one-sided limits. So, a one-sided limit is just the value the function
approaches as the x-values approach the limit from ONE SIDE only (left or right). Let’s look at an example.

i/

T X

The green region represents the part of the graph to the right of the point x = 3 and the pink region represents the part of the graph to the left of this point. We use
superscripts (powers which are either plus or minus) to indicate these regions:

. lim_ f(x) is called a left limit or left-hand limit or left-handed limit. The negative superscript signifies from the left side (from x values less than x).
the graph
lim f(x) =1
o lim f(x)
the graph
lim f(x) =2

Note: our familiar lim f(x) is called a two-sided limit. It is basically the limit tested from both directions
x-3

If both of the one-sided limits are not equal then the two-sided limit does not exist. However, if both of the one-sided limits are equal , then the two-sided Iimitlirr;f(x)
xX-.

exists. If this two-sided limit exists, we call it [ and write the two sides limit as lim f(x) = [.
X=X

These one-sided limits are not equal since 1 # 2. Hence the two-sided limit limf(x) is undefined and we say the limit does not exist
x—3

Note:

Sometimes a function is only defined on one side, and in that case, a one-sided limit is the best we can do.

For example, we can only talk about the right sided limit at x = 0 for the function below. Liror} f(x) =0 but lirgl f(x) does not exist since there is no function on that side.
X x-0"

I
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The graph below shows f(x) y

N
\ -
.
4 3 2 10 1 2 3 4 5 7 8
Does lim f(x) exist? Does lim f(x) exist?
x-0 x-6
<<
= . 1
[ ! N x
43 |<“ 34 05 8 43 10| 4 3 8
1%
i, 09 =0 Ji 79 =3
Yes, the limit does exist at x = 0 since the limits both are the | NO the limit does not exist at x = 6 since the limits are not
same (they both are equal to zero) equal (3 # 0)

1) The graph below shows the graph of f(x)

F:N

4 0 2 4 6 s

EE
[

a)  Does lim3 f(x) exist? If so, state what it is.
X—>—

b)  Does lirr} f(x) exist? If so, state what it is.
x—

c) Does lirr% f(x) exist? If so, state what it is.
xX—

d)  Does lin}; f(x) exist? If so, state what it is.
x>

e)  Does lirré f(x) exist? If so, state what it is.
X

-

Find
i. xlirzlz )
i Lim f (x)
iii. i%f(x)

v i e
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v

Sx)

[®)

i lmf(x)
ii. xlirzrgrf(x)
iii. xlirzn_f(x)
v e
v lin e
vio limf(x)

vii. )51_}72 Ji€9)

Find
i f(0)
I tim £

i Lim f (x)

5) The graph below shows the graph of f(x)

fx)+7

e3x+6_1

Find lim
X—->=2

t

(hours) ' : —— \

%®) .
(meters per hour) \

2z - 3
) [ i
Graph of £ . ‘ ‘ ‘ ‘

. . et-3f(t)
Find }:I_IR vp(t)—cos (mt)
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1.2 Algebraically
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For the easiest types of questions we can simply substitute the numbers into the function and we are done. Let’s see how this work

with a few basic examples

lim 2x
x-3

Let’s colour code for
ease of explanation

lim 2x
x—3

This tells us to replace
x with 3'in the
expression 2x

Substituting gives
2(3)

=6

lim(x2 + 5x)
xX-2

Let’s colour code for
ease of explanation

lim (x? + 5x)
X2
This tells us to replace
x with 2 in the

expression x2 + 5x

Substituting gives
(22 +5(2))

=14

o x*+4
lim
x>0 X — 2

Let’s colour code for
ease of explanation

o xt+4
lim
x-0 x — 2

This tells us to replace
x with 0 in the

. x%+4
expression ——
x—2

Substituting gives

0% +4
0-2
=-2

lim(2x — 1)* lim (3 sinx — 2x)
xX—>2 XTI
Let’s colour code for

Let’s colour code for )
ease of explanation

ease of explanation
lim (3 sinx — 2x
lim(2x - 1)4 x—>rt( )
xX—2
This tells us to replace
x with 7 in the

expression
(3sinx — 2x)

This tells us to replace
x with 2 in the
expression (2x — 1)*

Substituting gives
2@ -1t
=81

Substituting gives

(3sinm — 2m)
=3(0) — 2(n)

=27

For all the above examples we say the limit exists and whatever number we get is the value of the limit. However, we don’t always get
a non-zero numbers or ‘nice’ numbers. Sometimes we get zero and undefined answers. Let’s look at a few examples

A very very big number over a much
smaller negligible number in comparison
will always remain a very very big number

=0

Zero divided by a non-zero number
is always 0

We say the limit exists and is equal

If we divide by a very very large number we are
practically 0. Think about it. The more slices you
cut a cake into the smaller the slices become. If
we kept cutting the cake size would get smaller
and smaller until eventually we would barely get
any cake.

We say the limit doesn’t exist. We call to zero So here we get = 0
this undefined.
We say the limit exists and is equal to zero
Let’s summarise this
+o0 0

any non zero number
0

= undefined

We say the limit doesn’t exist

any non infinte number

We say the limit doesn’t exist

= oo

any nonzero number

We say the limit exists and
is equal to zero

any non infinite number _
+o0 -

0

We say the limit exists and is equal
to zero

Unfortunately, we can also get worse than this. We can substitute and get one of the following 7 indeterminate

forms:

0

o0 — 0

I+ |+
8|8

0(0) 0° 1%

It becomes a process of elimination of what to do next when this occurs. We must use one of the following 7 methods on the following pahge (we
try in the order of left to right and see which works) and then substitute again
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Do | have a fraction Do | have a fraction Do | have a fraction and can Do I have trig? Can | use the iden : Do | have trig and is my Is x tending to infinity? Have the 6 methods to the left
and can | factorise with a square root in | differentiate the sin?x + cos?x =1 limit tending to zero failed? Use squeeze theorem!
and cancel? the numerator or numerator and 1+ tan?x = secx . This is for
denominator? denominator? 1 + cot?x = cosec? x sing ~ 6 substitute? x>0 andx > ©
Your factorising Rationalise! Note: You need to have gto sin 2x = 2sin x cos x 02 (this type usually occurs
needs to be good (see . cos 2x = cos’x — sin’x ri ri
h heet if be able to do this . : . cosf~1—— for trig , factorials or
my cheat sheet if not) You can differentiate any sin(a + b)=sinacosb J_:cosasmb 2 powers of x)
number of times! cos(a + b)=cosacosb + sinasinb tanf ~ 6
Factorise and cancel Rationalise the Apply L’ Hopital’s Rule If trig we use a trig identity and maybe Use small angle Divide the numerator Squeeze theorem!
numerator or simplify after approximations and denominator by
Example 1: denominator and It is important to know that the highest power in This basically says if we can
cancel you can only apply L’ Example: the denominator and find a smaller and bigger
 x*—4x+4 Hopital’s Rule as long as you . tan’x We can only do this if trig then the “bottom- function that have the same
LT% x—2 Example: have an indeterminate form xlg;l[ 1+ secx and — 0. It is important heavy” terms tend to limit, then the function
 Jx+5-3 and you can apply this as that you realise this! As zero (the terms with a “squeezed between them”
substitution y'\eldsg L‘H}, x—4 many times as you want! substitution y'\eldsg soon as a limit tends to number in the must also have the same limit.
0 . X . 0 . 2
We just differentiate the zero for trig, you should numerator and x, x
Let's factorise first: substitution yie\ds% numera.ltor and Let's use a trig identity first in the check first whethgr sma!l etcin the Example 1: L
denominator. numerator En‘g\f approximations will denominator). lim xcos (_)
lim $=2&-2 Let’s rationalise the €lp: 0 X
x-2  x-2 Example: 2,1 See the 4 columns
numerator 3 , . sec’x ! o .
X3+ 9x% 4 27x + 27 lim—— Example: below for detailed Substitution gives 0X co
= lim(x — 2) lim — Z xom 1+ secx sin x examples on this
2 Consider the functian AT B 21+ 18 lim—— P . Instead us squeeze theorem
VX¥5-3  JX¥5+3 o Factorise (difference of two squares) =0 x a
Now we can 7 X e=n substitution yields = Compare to —|x| and |x|
) x—4 Vx+5+3 0 L 0
substitute " (secx + 1)(secx — 1) substitution we\dsa i
im ——————— — x| =
lim X+5-9 Use L'Hopital’s xom 1+ secx P lxl =0
2-2 x4 (x—4)(Vx+5+3) (differentiate the numerator Use small angle approx. Llfﬁlxl =0
and denominator) = lim(secx — 1)
=0 Ii x4 o lim > x| < D) < x|
= lm-———— = —|x ,xcos(—), x
x4 (x — )X +5+3) i 3x2 + 18% + 27 —secm—1 X0 X -
. m ———7—-: i — =
Example 2 : T 16x 1 21 lim1 since 1<cos (X) <1
Now we can cancel 1 am . 1
lim ———— substitution still yields ~ cosT
x--1x2 —4x —5 — lim 1 0 =1 \
= —rc Example 2:
x—4 - =1 —
x+5+3 Use L'Hopital’s again =-1-1 sinx
o lim -
substitution yields = 1 =-2 X0 X
0 =— im 6x +18 Substitution gives —
3+3 x--36x + 16 1
Let’s factorise first: lim (_ _) =
= l Substitute e 1X
m, S ‘ tim (3) =
x--1(x-5)(x -
_ 6(=3)+18 1 sinx - 1
Cox=2 6(-3) +16 x x T x
= lim
x->-1x —5
Now we can
substitute
_-1-2
T -1-5
My Maths tebcher
for phing thel
3.1
-6 2
Limits tending to infinity:
Bottom-heavy Even powers Top-heavy Careful if you have a root in the
(denominator has the highest power) (tie with highest power of numerator & denominator) (numerator has the highest power) denominator. If x — oo divide inside
root by x2 and outside by x
i 2x+3 , 5x%+5x—5 . 10x% + x
— im ———-—-— im ———
x—004x? — 5 x-06x% —2x + 5 xom 4y —1
i 2x
Highest power in denominator is a 2 due to Highest power in denominator is a 2 due to x? term, so Highest power in denominator is a 1 due to memm
x? term, so let’s divide all terms by this let’s divide all terms by this x term, so let’s divide all terms by this
2x 3 2.3 5¢2  5x 5 5 5 10x2 | x 2x
Tt ity 22X X S5+x- oty 10x+1 . X
1 2 = lim lim = XX — |im X lim —4/———= lim ——— lim
x-00 4x 5 xow 2 4x 1 1 o
249 4-3 x—m 6X _2_x+i xam6_z+i x—e0 4x 1 i, 1 x Ax2 1
x2 X2 x T 2t x T x2 X x x >zt
s Substitute and get th;g = z Substitute and get .= = o i
Substitute and get n:O an; 1
a 4+ =
Shortcut method: Shortcut method: x?
Shortcut method: Here the ratio of the highest power terms which are Here the highest power in the numerator is )
Here the highest power in the denominator 3 L3 greater than that of the denominator hence Substitute
x terms is =. Hence limit = = 2
is greater than that of the numerator hence 2 2 top-heavy and hence there is no limit (infinite) —
bottom-heavy (the bottom becomes very V4 +0
large) and the limit is zero )
=Z=1
2
We can apply a shortcut for these types. If the
. numerator wins, then the limit will be y = 0
. denominator wins, the limit will be y = +o00
. There is a tie, the limit will be a finite number which is the ratio of terms with those coefficients of terms with highest power
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Try In This
Order:
» Factorise and Cancel
. Rationalise and
Cancel
> L'Hopital/s
Hint:
| Saueeze Theorem | ooy o for factorials and
(£see) ‘powers of unknowns
» X —% number
| Use A Trig Identity
and Cancel
Small Angle
> Approximations
Ao | Direct | Ifindeterminate (e lonly)
s Substitution form
> L'Hopital's
Hint:
Finding Limits | Saueeze Theorem | oot for 'I(;Iandanglcsofl/x
Hint:
- ——G icker method:
D‘Q":‘:::ll“""“? 1 ll‘al:‘igu}f:s:::::er :nr'('i:nominmor(bouom-hcavy):, limit = 0
e ' Iy highest powers in numerator and denominator are equal = limit= ratio of those coefficients
lenominator g = s s N
highest power in numerator (top-heavy) = limit doesn't exist
> Algebraic Note: Careful if you have a square root. Divide by x* inside the root, but by x outside the root
| Squeeze Theorem Hint:
N ([ (rare) Look out for factorials
and powers of unknowns
> L'Hopital's
g Direct  If indeterminate
U Substitution form
, Squeeze Theorem Hint:
(rare) Look out for (sin x)/x
1.3 Tending To A Number
Easy Medium Hard
1) limx3 1) lim=2=2 L xEk?
1m 1) lim=——k+#0
x=2 WNx=5 x—5x2-25 ) ok x2—kx’
8) lim=—
. x—5Xx+3
2) lim(2x —1) 2) i x 1
x-0 1m 2 Ao =il
3x+3 x—0 X?-x 2)  lim
9) 1 2 x>0 X
. X2 X—
3) lim(2x — 16)* . x*—5x?
x=7 3) lim=—73— sx_sm
10) lim i x-0 3) lim 22—+t
xX—00 X x-1 3x-3
. 2x+1 2
4) lim x%+2x-3
x-122-1 5 4 lim—=— =
. — - . -
11) lim * 4) lim
x—o00 2x—1 2 x—-1 x—1
5) 3x+1 5)  lim—= =6
x—1 X+1 x—3 x2+2x-15 5) g =
1m-—-=
ers Pl N A
. ox x2—x
6) lim= 6) lim———
x—-05 x->1 x—1 ViT3-2
6
11—
. 2x-6 . x3-8 x=
7 ) lmes
. Vx+5-5
7)  lim——
8) 2x%-18 I
x->—3 X+3
, .
1.3.1 L'Hopitals
Note: You can use this when other types also work. It just makes your life easier.
Easy Medium Hard
(only attempt this section if you have done (only attempt this section if you have done
P a— advanced differentiation) advanced differentiation)
1 ]
) x—3 x2+2x-15 2 1
. 2x+x“+2In(1-x . .
1) lim Zxtx7+2In(1-x) 1) lim xsin (—)
x34x-2 x-0 x3 xX—00 x
2)  limZ— sin(3)
xo1 x2— S
. tandx—sindx Hint: write as —
2) lim———— P
3) x34+9x2427x+27 x=0 x

x——3 x3+8x2+21x+18 5 5
. tan®x-arctan?x
3) lim——————

x—-0 x*
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1.4 Tending To Infinity

1.5 Trig

3)

4

10) lim

11) lim

Easy

x=5

x—00 7X2+10x

3—x

lim —
x—00 X*+3
. 5x2
lim —
x—co X+4

x3-27

lim
x—co X—3

5n2—4

lim
n-oo N2-1
5x3+1
x—o00 10x3—3x2+7
x?-6
x—o0 2+x—3x2

4x2-2x+15

X—00 x*+6

Easy

lim sin x
X

. X
lim cos—
x—>1 3

lim sec 2x
x-0

lim tan x
X-T

lim sin3xsec*x
xag

x2-2

1m
x—0 COS X

Medium

. x+3
lim ——
x—o00 (5—x)2

x+3

im
x——o0 (5—x)2

. 3x2+1
lim ———
x—o—00 (3=x)(3+x)

Medium
. sin2x
1)  lim——=
x>0 X
. sin?3x
2)  lim—=
x>0 5x2
tan?5x
3)
x>0 10x3
. cos3x
4)  lim—=
x>0 X
. 1-cosx
5) 1
x-0 1-x
. 1-—cos3x
6) lim————=
x-0 5x
. cos2xtan2x
7)  lim———=

x-0 x

Hard

. 2x
1) lim ——=
x—>—00 V4x2+1

Vox2+2

x——00 4x+3

2)

. 2m43"
3) lim ———
) n-oo 2+ (—4)"

Hard

2
1) tan“x

x—m 1+secx
6cot?x
2)

x_)3?" 1+cosec x

3 1m0t

x—0 2x

& metEs
x—0 X

© MyMathsCloud
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1.6 One Sided

These are not as easy to calculate as when we had the graphs.

© MyMathsCloud

— <
Example 1:f(x) = { 3x+7x<2

x2—-5x>2
Determine 1in21 f(x) if it exists
x>

Here we have two functions. Let’s colour code.
—3x+7,x<2
re ={

Once behaves like —3x + 7 for values of x less than
or equal to 2

We want to find the limit as x tends to 2, but the
function behaves differently either side of 2, so we
have to find 2 limits (one for just greater than 2 and
the other for just less than 2)

lir;lj'(x) =3x+7=32)-7=-1

Both limits equal —1, so the limit exists

2x+ 2x+1
Example 2: Find llm — and l
3x— 1+ 3x-1
2x+1 _ 2(-1D+1 _ -1 _ 1
x>—1-3x-1 3(-1)-1 -4 4
2x+1 _ 2(-D+1 _ -1 _ 1
xo>—1+3x-1  3(-1)-1 -4 4
. M x+7 . x+7
Example 3: Find lim — and lim —
x-1t x-1 x-1— x—1

This is harder since we get % for both when we substitute, but

we need to know whether our answer is o or —oo.

x+7 +7
im — = oo and 11m—=—oo
x-1t x—1 - x-1

If you're struggling to see why one is plus and one is minus

consider the following:

. lirqr means plug in a value just greater than one, say 1.0002
x-1

and the denominator is positive hence tends to +oo
e lim means plugin a value just less than one, say 0.999999
x-1"

and the denominator is negative hence tends to —oo

|x-2]|
x-2

Example 4: Find lim
x-2

We need to have knowledge of the modulus functions in order
to be able to write this as a piecewise function
We can write this as a piecewise function:

x=2 _

5= X =
f) =472
D g x<2
x-2
Simplifying gives
1, x=>2
fe) = [ -1, x<2

We want to find the limit as x tends to 2, but the function
behaves differently either side of 2, so we have to find 2 limits
(one for just greater than 2 and the other for just less than 2)
Let’s now find the limits

HpS0 = Jipt =1

lir;l fx) = lir;n -)=-1
X—-27 xX-2"
One limit is —1 and the other is 1 so limit doesn’t exist

Easy Medium Hard
x> —-1,x<1 : Sheil 1) lim|x
1) fx)= {xz t1lx>1 1) XIL‘?— x+4 - and xl_,2+ x+4 ) X—>0| |
Determine ;lcl—r}}f(x) if it ) lim o and x+1 2) lig}lx —1]
exists X—>—3" 2X— x—>—3+2x-3 x
4x
V2x—1,x<1 3) lim+g and lim_i—ii 3) i‘i% ||
2) g(x) =1 x+1 w3 3
— >1 x—2
li x-1 li x-1 4) 111’1’1u
Find lim g(x) 4 Jlim e and lim x=2 %2
x—1
2x+1
¥ S 1 5 Jlim F=sand lim
3) fx)= 1 > 1
(x-1)2’ 6) Vox2 and lim Vox2-2
Find limlf(x) x>—0.5" 2x+1 205+ 2t
x——
-2,x<0
4 h
) ) = {(x+1)2x>0
Find lim h(x)
x—-0
1.7 Squeeze Theorem or L'Hopitals
Easy Medium Hard
1) ;l_rg COS( ) 1) ;l_r)gxsm< ) 1) ;l_)rgj—;
2) )}1_)[1; sm( ) 2) ;Lrgxcos( ) 2) vy (;x)!
3) lim sinx
x—-oo X
4) lim sin3x
X—00 X
5 lim 2=
x—c0 2X
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Graphically

Algebraically
Substitute and show you get any
whole number (not oo or — )

© MyMathsCloud

Piecewise Functions - Show 1 sided limits are
equal

IS

Does lim3f(x) exist?
x—>—

lim f(x)=—1and lim f(x)=-1
x->-3+ x->-3"

0=l

~ lim f(x) exists
x—=3

Does lirr% f(x) exist?
X

lim f(x)=1and lim f(x) =1
x-2% x-27

i 00 = i 00

~ lim f(x) exists
x—2

lim
x—-4+

Does lim f(x) exist?
x—4
f(x)=-1and lizn fx)=-1
xX—4-

lim fG) = Jim f)

~ lim f(x) exists
x—4

Does lirqf(x) exist?
X

lim f(x)=0and lim f(x) =1
x-1+ x-1"

ln ) # Jim £

~ lim f(x) does not exist
x-1

Does lirréf(x) exist?
x>

lim fG) = e and lim f(x) = oo

fm 00 % i 00

~ lim f(x) does not exist
X6

Example where a limit exists:

lim 2x
x-3

Let’s colour code for ease of
explanation

lim 2x

x—3
This tells us to replace x with 3 in
the expression 2x

Substituting gives 2(3) = 6.

So, we get a number which means
that the limit exists

Example where a limit doesn’t

exist:
2

lim —
x-0X
Substituting gives % which is

undefined and therefore the limit
doesn’t exist

Example where a limit exists:
—3x+7,x<2
f(x)_{xz—S,x>2

Determine lim f(x) if it exists
x-2

Here we have two functions.
—3x+7,x<2
fo =

lil‘él_f(x) =3x+7=32)-7=-1
x—
Both limits equal —1, so the limit exists

Example where a limit doesn’t exist:
. |x=2]
lim —
x—2 X—2

We need to have knowledge of the modulus
functions in order to be able to write this as a
piecewise function

We can write this as a piecewise function:

% = x =2
f(x) - ——(X—Z) = —1 x < 2
x=2 ’ -
Simplifying gives
fe) = { -1, x<2

lim f(x) = lim (—-1) = -1
X2~ X2~

One limit is —1 and the other is 1 so limit
doesn’t exist
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