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7.5 Indeterminate Forms and L'Hopital’'s Rule I
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1 Indeterminate Form 0/0

1.1 If the continuous functions f(x) and g(z) are both at x = a, then

cannot be found by substituting x = a.

1.2 The substitution produces , @& meaningless expression, which we cannot eval-

uate. We use as a notation for an expression known as an

1.3 Theorem: L’Hopital’s Rule (First Form)

Then
i L&) _
z—a g(x)

Suppose that , that f’(a) and ¢'(a) exist, and that ¢'(a) # 0.

Proof:

1.4 Theorem: L’Hopital’s Rule (Stronger Form)
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1.5

(105-2) BEA1/BH 1/ BIBI2 D

Suppose that , that f and ¢ are differentiable on an open

interval I containing a, and that ¢'(x) # 0 on I if x # a. Then

limM =

z—a g(x)
assuming that the limit on the right side exists.

Using L’Hopital’s Rule

To find lim M by L’Hopital’s Rule,
r—a g(I)

(a) continue to differentiate f and g, so long as we still get the form
T =a.

(b) But as soon as one or the other of these derivatives is different from

at © = a we stop differentiating.

(c) L’Hopital’s Rule does not apply when either the

has a finite limit.

at

or

& Ex. 1 (examplel, p397)
(a) lim 3r —sinz _
x—0 x€x
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B EX. 2
1 —
Find lim cos T
=0 1 + 2
sol:
0 EX. 3
. sinz
a) lim =
=0t X
sinx
b) L =
(b) lim =5

2 Indeterminate Form oc/oo, 00 - 0,00 — 00

2.1 L’Hopital’s Rule applies to the indeterminate form

22 If and as £ — a then

/(=)
g

o

provided the limit on the right exists.

2.3 In the notation x — a may be either or

2.4 Moreover x — a may be replaced by the one-sided limits

example2, p398
p p

example3d, p398
p P

or

(a) lim —f
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T—r00 X

(b) Find lim (vzInx).

z—0t

sol:

3 Indeterminate Powers

................ exampleb, p399
p P

................ example6, p399
p P

31 If glcgr}llnf(x) = L, then }grcllf(x) =

. Here a may be either

finite or infinite.

(105-2) BEA1/BH 1 /B BI2 HEH

January 29, 2017



7.5 Indeterminate Forms and L'Hopital’s Rule Page 5/6

3.2 Theorem: Cauchy’s Mean Value Theorem

Suppose functions f and g are continuous on [a, b] and differentiable throughout
(a,b) and also suppose ¢'(x) # 0 throughout (a,b). Then there exists a number ¢
in (a,b) at which

& EX. 7 (example7, p400)
Apply I'Hoépital’s Rule to show that lim, o+ (1 +2)Y/* = e

sol:

& EX. 8 (example8, p400)
Find lim z'/*.
T—00

sol:
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BEHERE (EXERCISE 7.5)

14. 1

20.

27.

29. lim

34.

41.

46.

48.

53.

58.

59.

60.

62. lim

73.

. lim

Use L’Hopital Rule to find the limits.
1 —rcosz
x—0 ,1’2 )
22 —25
im .
z—-5 I + 5

sin bt
t—0 2t

. r—1
lim —mM8M .
z—=1Ilnx —sinwx

3sin9 -1

1_L)'

=1+ x—1 Inzx

lim z2e7".
Tr—00

2
. et —1
lim & =1
z—0 zsinx

lim (Inz)Y/.
T—00

lim(e® + x)'/%.

x—0
lim z*.

z—0t

1
lim (14 —)*.

z—0t X

2?2+ 1
z—oo . L + 2

)1/x.

2
. e’
lim .
z—o00 re’
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