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4.8:Indeterminate forms and L’Hospital’s Rule

Indeterminate forms: Consider

lim ——. (1)

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

. 0
ype o

e If both f(x) — +oo and g(x) — +oo as © — a, then (1) is called an indeterminate

00
form of type —.
00

EXAMPLES:
sin xr — x? 3 —1 Inz 2?2 +1
lim = —, lim = —, lim =—, lim—=— lim = —
z—0 I r—1 x2 —1 x—0 Qj‘2 T—00 :L‘3 x—)oo4:L‘2 —1
. . _flz) 0 o0
L’HOSPITAL’S RULE: Suppose f and g are differentiable and lim—— = — or — then

evag(z) 0 oo

lim @ = lim@
T—a g(m) T—a g’(x)

if the limit on the right side exists (or is oo or —o0).
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EXAMPLE 1. Evaluate each of the following limits:

sinx

(a) lim

z—0 I

2

(b) lim —

r—o0 €T

y siny — x
(C) 3:11}(1] x3

(@) tim " =)

T—00 :L'4

Indeterminate form of type 0-oco: limf(z)g(x)

r—a

0 oo
Write the product fg as a quotient to get an indeterminate form of type 0 or —:
00
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EXAMPLE 2. FEvaluate each of the following limits:

lim 2”1
(a) Jim 2%Ing

(b) lim ze”

T—r—00

Indeterminate form of type co — oco: lim(f(z) — g(z))
T—a

0 o0
Try to convert the difference into a quotient to get an indeterminate form of type g or —.
00

z=1\lnx xz-—-1

1 1
EXAMPLE 3. Find: lim (—— )

Indeterminate form of type 0°, oo, 1°: lim f(z)®
r—a

Write the function as an exponential 0 - oo:

It leads to an indeterminate form of type 0 - co.
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EXAMPLE 4. Find the following limits:

. 1
() M= =

lx
b) lim [ 1+ —
<>£&<+$)

)tanx

lim (si _
(c) $i>1(1)1+(sm x



