| ndeter minate Forms

The gquantity
0

0

IS called an indeterminate form because it is not possible to
assign a unique value.
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The gquantity
0

0

IS called an indeterminate form because it is not possible to
assign a unique value.

This form can arise from taking the limit of a quotient of two

functions:
. sinx lim,_gsinx
lim = ,
r—0 I lim, o2

Both z and sin z are continuous at z = 0, so the limits are
the function values. Both are zero so

SIN & 0

lim
r—0 X 0
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L"Hospital’s Rule

L'Hospital’s rule says that in this situation, we can replace
the numerator and denominator by their derivatives:

f(@) ()

lim ——~ = lim
=0 g(x)  «—0 g'(z)
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L"Hospital’s Rule

L'Hospital’s rule says that in this situation, we can replace
the numerator and denominator by their derivatives:

f(@) ()

lim ——~ = lim
=0 g(x)  «—0 g'(z)

In this case, the theorem says

. slnx . CcosZx
lim = lim = 1
r—0 X r—(
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L"Hospital’s Rule

L'Hospital’s rule says that in this situation, we can replace
the numerator and denominator by their derivatives:

lim M = lim f ()
=0 g(z)  2—0 ¢'(x)

In this case, the theorem says

. slnx . CcosZx
lim = lim = 1
r—0 X r—(

In section 3.3, this limit was shown to be 1 by a geometric
argument (p.191)

L'Hospital’s rule gives us an eaiser way to determine this
and other limits.
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L"Hospital’s Rule

L'Hospital’s rule also works for limits at co or —oo:

lim @ = lim fz)
o g(z) | e g'(a)
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L’Hospital’s Rule

L'Hospital’s rule also works for limits at co or —oo:

lim @ = lim f{x)
o g(z) | e g'(a)

It also works for right hand limits:

f(z)

/
lim —= = lim f/(w)
r—a™ g(il?) r—at g (LE)
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L"Hospital’s Rule

L'Hospital’s rule also works for limits at co or —oo:

. f(z) . f(=)
lim —= = lim
r—oo g(x)  @—oo g'(x)
It also works for right hand limits:
. f(x) [z
lim ——~ = lim
r—a™ g(iE) r—a™ g/(ilj’)
and for left hand limits:
/
lim @ = lim [ (@)

r—a~ LE) r—a~ g’(:z:)
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Question 1

Evaluate the following limit:

1 —coszx
lim
x—0 €T
1. 0 4. -2
2. 1 5. 2
3. —1 6. The limit does not exist
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Question 1

Evaluate the following limit:

1 —coszx
lim
x—0 €T
1. 0 4. -2
2. 1 5. 2
3. —1 6. The limit does not exist

1. The limitis 0

I’Hosbital’'s Rule — p. 4/



| ndeter minate Forms

'Hospital’'s Rule also works for the following indeterminite
form(s):
0’0

+00
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'Hospital’'s Rule also works for the following indeterminite
form(s):
0’0

F00
This form often arises from limits at infinity:

, €T 0O
lim — = —
r—oo O
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| ndeter minate For ms

'Hospital’'s Rule also works for the following indeterminite
form(s):

0’0

0’0

This form often arises from limits at infinity:

, €T 0O
lim — = —
rT—00 . ®.@)

L'Hopital’s rule in this case says

. X . 1
w2 T a2
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Question 2

Evaluate the following limit:

lim @
r—0o r
1. 0 4. -2
2. 1 5. 2
3. —1 6. The limit does not exist
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Question 2

Evaluate the following limit:

lim @
r—0o r
1. 0 4. -2
2. 1 5. 2
3. —1 6. The limit does not exist

1. The limitis 0
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Question 3

Evaluate the following limit:

. i
Iim —
r—00 N X
1. 0 4. -2
2. 1 5. 2
3. —1 6. The limit does not exist
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Question 3

Evaluate the following limit:

. i
Iim —
r—00 N X
1. 0 4. -2
2. 1 5. 2
3. —1 6. The limit does not exist

6. The limit does not exist (£ — co as = — oo)

Inz
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| ndeter minate Forms

L'Hospital's Rule may have to be applied more than once.
Suppose we have the limit:

$2

lim — =
r—o00 eL

318
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L'Hospital's Rule may have to be applied more than once.
Suppose we have the limit:

2

. X O
lim — = —
r—oo et 0O
L'Hopital’s rule says that
2 2x

. . 00
lim — = lim — = —
rx—o0 et rx—o0 ed o0
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| ndeter minate For ms

L'Hospital's Rule may have to be applied more than once.
Suppose we have the limit:

2

. X O
lim — = —
r—o0 ¥ o'e
L'Hopital’s rule says that
.2’ . 2r o0
lim — = lim — = —
r—o0 et r—o0 et OO
A second application gives:
2 2
lim == = lim — =0

r—o0 ed r—o00 ed

I’Hosbital’'s Rule — n. 8/1



Question 4

Evaluate the following limit:

$2

lim
r—0 1 — coszx

1. 0 4. -2
2. 1 5. 2
3. —1 6. The limit does not exist
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Question 4

Evaluate the following limit:

$2

lim
r—0 1 — coszx

1. 0 4. -2
2. 1 5. 2
3. —1 6. The limit does not exist

5. The limit is 2
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Question 5

Evaluate the following limit:

.2’
lim —
r—o0 et
1. 0 4. -2
2. 1 5. 2
3. —1 6. The limit does not exist
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Question 5

Evaluate the following limit:

.2’
lim —
r—o0 et
1. 0 4. -2
2. 1 5. 2
3. —1 6. The limit does not exist

1. The limitis 0
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Question 6

Evaluate the following limit:

, In x
lim ——
r—07t 1/33
1. 0 4. —2
2. 1 5. 2
3. —1 6. The limit does not exist
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Question 6

Evaluate the following limit:

, In x
lim ——
r—07t 1/513
1. 0 4. —2
2. 1 5. 2
3. —1 6. The limit does not exist

1. The limitis 0
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| ndeter minate Products

Sometimes a limit involves a product of the form 0 - ~c.

Iim Inz-sine = —o0 -0
r—0t
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| ndeter minate Products

Sometimes a limit involves a product of the form 0 - ~c.

Iim Inz-sine = —o0 -0
r—0t

We cannot apply LHopital’s rule directly, but we can
transform to an oo /oo form:

1/ si l —
Inz-sine = (lnx-sinw)( /Sma;) - >~

1/sinx 1/sinx o'
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| ndeter minate Products

Sometimes a limit involves a product of the form 0 - ~c.

Iim Inz-sine = —o0 -0
r—0t

We cannot apply LHopital’s rule directly, but we can
transform to an oo /oo form:

, , 1/sinx Inx —00
Inz-sinz = (Inx-sinx) [sing = snz oo

Now we apply UHopital’s rule twice to obtain:

. Inz , 1/x
lim , — lim —
z—0+ 1/sinx z—0t —cosx/sin“x

=0
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Question 7

Evaluate the following limit:

lim x-e*
1. 0 4. -2
2. 1 5. 2
3. —1 6. The limit does not exist

I’'Hospital’'s Rule — p. 13/



Question 7

Evaluate the following limit:

lim x-e*
1. 0 4. -2
2. 1 5. 2
3. —1 6. The limit does not exist

1. The limitis 0
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