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4.8:Indeterminate forms and L’Hospital’s Rule

Indeterminate forms: Consider

(1)

e If both f(z) = 0 and g(z) =+ 0 as @ — @, then (1) is called an indeterminate form of
0

type o

e If both f(r) — £oo and g(r) — +o0o as # — a, then (1) is called an indeterminate

o0
form of type —.
00

EXAMPLES:
G e 2 ,
~ sinz o  r—x D o Iz
lim =——, lim =— lim ~
=0 T o ey | I2 —1 0 T=3+00 :1!(.‘3
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x 0 o
L’HOSPITAL’S RULE: Suppose f and g are differentiable and limf(( ) =3 or — then
.t—mg €T [a'¢]

Y Y
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Y >
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0 0
[ N . \ o
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EXAMPLE 1. Fuvaluate each of the following limits:
CoH X = hH0= i .

L '
(a) 1 sin : 6 QSin") - e‘w :
a) lim e .
\ 2
(b) L (x> QI\ 2% T fim —=0
eroet e, — T - Nwe X H o €
R e") £ x>
Xd0P ( X=2 e
o o . _50_
( ) ] sinxr — —O- /e wx-‘ _0 o _Z';x _ﬁ__
c) im—— = e 5 =
0 x? X0
o H  y»o 3X H
_wx _ 4
-l =5 7 TG
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L__()C.A&

Indeterminate form of type 0-o0:  limf(x)g(z) %30
Tr—ra

0 oo
Write the product fg as a quotient to get an indeterminate form of type —or —:
» 00 £ 2 0 oo
f_i_ — ° % ——  —
= - - 1

. ¢ 7 o
EXAMPLE 2. Evaluate each of the fo owing lzm@ts )

* 0
2
(a) rll_glJr:r hr =— X"O (
OK

o L
‘QMX 3 x
TN W et T3

. o0
(b) lim z¢" ——
T—F—00
-\ Q‘ \
oR = W “hw ¢t
_—lx-s ¥4°+ X
Xt _
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. 00 tan °£
- X
(c) lim (1 —tanx) %ec(Zr = cum-— 1 —
r—m 4 x> >T 79 (Zx) H
(1

a

ew (1-£M>b I &w_scc X

X5« - (con zx) x5 —& S"'(zx)
t.l
T
s (O
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wEo )
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Indeterminate form of type oo —oo:  lim(f(z) — g(z))
T—ra
00

Try to convert the difference into a quotient to get an indeterminate form of type — or —.
o

[>]
o0 - co
Lo g - 2
EXAMPLE 3. Find: lm (1__ 1) — . x-I In x
T—r nr Tr — —
x> | Z 1"3 an X H

1
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Indeterminate form of type 0°, o0, 1%°: limf(rr)g(z)

T—ril

Write the function as an exponential 0 - co. It leads to an indeterminate form of type 0 - co.

2n
o =2 > 2,\0_57-56’\&

EXAMPLE 4. Find the fo!hming limits: o
© |
o, €n x* % dn x b
(a) limz= = Q,’M € - &w e =4..¢<

XAeR XD N X P

IT—F 0
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(b) lim (1 + —

T—r o0
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