
Section 6.8 Indeterminate Forms

I'Hospital 's Rule

strategies :

Read before / after class :
1

"

8-
"

or

"

Z
"

⇒ I'Hospital 's Rule
Textbook Examples

"

• - as

"

}⇒ Turn into
"

8-
"
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"
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"

0°
"

,

"

as
,

"
'

E''⇒ Apply In G)Compute 00 or do or 1°

directly to get
"

÷
"

or
"

%
"



Example
Review Sec 1.6 Limit Laws

1 - sin ×

him = ?
Cos ✗

✗→¥5

•

t.im I - sin ✗ =

1- sin = 1-1=0

✗→

• dim
✗ →

↳ s ✗ =
cos I = ◦

called an indeterminate form
of type ¥

"

• If d-sin ×) goes to 0 faster, the answer is 0
Law # 5 doesn't work when -

numerator

the limit of the denominator is ◦
• If cos × goes to 0 faster , the answer is as
-

denominator

• If there is a compromise , the answer is

a nonzero number



I
'

Hospital 's Rule
"

§
"

I - sin ×

Example : Evaluate him
Rule

"

%
"

✗→(E)
-

cos ×

Solution :

•

•

him I - sin ✗ = 0
so we

✗→⇐I can attempt
Then to apply

• dim
_

Cos ✗ = 0
}

I'Hospital 's
The rule works if we replace lim with ✗ →

Rule
"

✗→ a

dim dim him Here f-A) = I - sin ✗

✗→ at ✗→a- ✗→ as
or

dim
✗→ - as

g (x) = Cos ✗

/im
- cos × him

cos (E)him 1 - sin ✗ Iim -sin ×)
✗→

cos ×

✗→(E)
-

cos ✗ =✗→ ( cos ×>
=

x→- - sin ✗
= = = f- = °

↑ lim sin (E)
✗→⑤

-

sin ×

By / 'Hospital 's Practice 1
'

Hospital 's Rule
"

8
"

:

Rule "

%
"

Textbook Example 1,4
Webwork 5 , 6

Recommended Khan Academy Practice



I'Hospital 's Rule
"

€
"

dim
✗→ - Y¥= ?

}
• If lnx wins

,

? is •

dim In ✗ = as

✗→ as
• If JI wins , ? is 0

✓

¥ him ☒ = as

✗→ as
• If there is a compromise , ? is a positive number

In Sec 6.3
, we said In ✗

"

grows slower than any power function , so II should
win

.

Rule
"

Z
"

• Iim fg¥- is called an

✗→ a

indeterminate form of type ¥
"

Next
Then

Apply this /'Hospital 's Rule
" "

to the above situation

The rule works if we replace lim with
✗→ a

with
f- G) = In ✗

dim him
✗→ as

or
dim

✗→ at ✗→a-

him
✗→ - as gcx) = ✓I



I
'Hospital 's Rule

"

¥
"

him
Example : ✗→ • Y¥= ?

Solution : i

!m
,

! !;)
so we can attempt to apply /

'

Hospital 's Rule
"

Es
"

✗→ as

him II = as

✗→ as

l.im In ✗ him d¥&n×) (¥ ) him ±
21¥ him 2-

= o

✗→as@ ×
-

E)
=

✗→as
=

✗→ • Tx
✗→ as IF

=

✗→• d⇔
=

him

↑ DI so II wins
,

due to 1'Hospital's it grows
much faster than In ×

,

Rule "

¥
"

as expected
because power fans

grow faster
than In (x)



Indeterminate Differences type
"
as - as

"

%✗
,

tan ✗
Cos ✗ !

,#-) #¥
-2

I

•

him = + as
and dim tan ✗ = + as

✗ → LET
✗→

4
• If they compromise,

• If Seck) wins, {
• If tank)

wins
' the answer is

the answer is • the answer is - •
a number

a function

strategy : convert this difference into a quotient another function

Cosby
=

/ - Sin (x)

Sec④ - tank) =
#

_

""⇔
cos [× )

cost)

him 1 - Sin ✗
dim I - sink)

=]
so we can try to

✗ →(ET • we already computed ✗-- cos ✗

use L'Hospital 's
dim Rule "

§
"

✗→

-

cos 1×1=0



Indeterminate Differences type
"
as - as

"

General strategy

If dim f- (x) =D and dim gcx) = as

✗ → a ✗→ a

and we want to compute
him
✗→ a f-G) -91×7 . . .

First, turn into

a quotient
Next , try to

apply I 'H

✓ Rule
"

%
"

or

"
"



Webwork Prob 7 : Evaluate him II Ink) type
"
0 . as

"

✗→0-1

"^ * = ° • * * °""" +" """" " ° + " " " "⇔ ""° ° "
"" "+ ↳

✗→ ot

µ, µ ,,, , _ • µ' • If In wins
,
the answer is -•

writing or
• If there is a compromise ,

the answer is a nonzero
number ⇔) %¥

✗ →0-1

First
, try writing

Ñ_

⇔
dimWARNING
✗→ ◦

+

✓I = 0

} so we can attempt to use

The following statement is FALSE L'Hospital 's Rule
"

8-
"

linen = ◦

✗→ ◦+

If lim fcx ) :O and lion gcx)=os ,
✗ → a

✗→ a

-÷ñCethen eim fix> 91×7=0 ¥t
¥⇔

±"

✗→ a

I#
More complicated than
the expression
we started with .

Next : try the other quotient



type
"
0 . as

"

✗→0-1
webwork Pro Evaluate him * encx)

him II = 0

-
Turn JI Ink] into a quotient by

✗→ Ot

him lncx) = - • writing or %
✗→

+ ⇔

So try writing as %¥¥
km In ✗ =

- •

} so we can attempt to use

✗→0-1

L'Hospital 's Rule
" "

1in ¥ = as

✗→0-1

Iim
link)

Iim dᵈ_×Inl✗)
=
/im ⇐ )

=
Iim ×

"

=

tim -2×3-2-1 = him -21¥ = 0

✗→o+(¥=✗→o+d☒( ×- E) ✗-0+-2×-3-2 ✗→◦+ (E) ✗ -1×-70-1 ✗→ot Practice other
" Indeterminate Products

"

(so VI wins !)
• Textbook

, Example 6
• Textbook

, Example 7

• Webwork 9





Not an indeterminate form
=

Solution :

↑
• sin (X) is continuous

at ✗= IT

• I - Cosa is continuous
at ✗= -11



Type
"

00
"

,

"

oso
"

,

"

I •
"

strategy for all :

Apply In

ma#519
"'

88-8-808 y=[fa ,]
↳⇔

In y
= In [¢c×D9

"]
In
y
= gcx) In @ (xD

dim In y will now be an

✗→ a

indeterminate form of

type
"

or

"

%
"



Indeterminate power Example

Example :

tim
✗→◦

+

In

(1-1×7--0) Try "H Rule

+

= ?
dim ✗ =o

Answer : ✗→

dim ( 1-1×7=1

} type
"

P
"

✗→ him Index) him ¥@nd -1×7] lim#)
= ,

✗-70-1 ✗ =×→ot
×)

=

✗→ 1

him ¥ = as ↑
✗→

by "H Rule
"

%
"

y=C+x)±
solimy-limelnY7_ex@i-7oilnD-eEel.ny= In@ + ×)¥) ✗→

✗→0-1

In y=± end -1×7
-

Practice similar question : dim +1)
✗

= ?
✗→ as

Now , work with
dn ( I +×) Hint : The answer is NOT 1

✗

Try ¥◦+# = ? See the last example
in the textbook



Strategies
I
• Try to compute the limit directly

2• If it doesn't work, try to write as a quotient
f

gcx)
dim -11×5-0 ,

and) or if {
him fix > = as

,
and}

,

* If { ✗→ a ✗→ a

dim 96-7=0 him gcx)= as
✗→ a ✗→ a

try 1 'Hospital 's Rule

3
• If Lim [f- Cx )]

""
is of type

"

00
"

,

"

•
°
"

,
or

"
yes

"

✗→ a

write y = f-a)
9K )

lny = gcx) dn(fk ))

compute ¥? In y first . Then may =
eFadnY)

-11


