APPLICATIONS OF DIFFERENTIATION

4.5 INDETERMINATE FORMS AND L'HOSPITAL'S RULE
I. Necessary conditions for applying 'Hospital’'s Rule

A. fand g are both differentiable near a (except possibly at a)
B. g¢x) ! Onear a (except possibly at a)

C. IimM -0 or f; these are called indeterminate forms
x®ag(x) 0 ¥

D. I'Hospital’s Rule also applies if ais replaced by +¥

Il. Result of applying 'Hospital’'s Rule: IimM = Iimm
x®ag(x) x®ag¢x)

[1l. 'You must show that the rule applies before using it. Always simplify before applying the
rule another time!

. ¥ . 4x*-3x+6
IV. Indeterminate form —: lm———
¥ x0¥ 5. 2x?
4x* 3x 6 3 6
. 4x% - 3X + 6 > -z t7 4- —+—=
A. Previous method: |m =272 = |jmX X X = |jm X X =.2
x®¥ 5. 2x? X® ¥ 5 2%2 X® ¥ 2
x2 X2 x?
2
B. I'Hospital’'s Rule applies because |im w =¥
x®¥ 5. 2X ¥
1 IIm4X '3X+6 ||m8x-3—¥
x®¥ 5. 2y? x®¥ - 4x ¥
2 im8 -3 Lim8 -2
x®¥ - 4X x®¥ - 4

V. Indeterminate form 9: lim Sinx

Xx®0 X + X
A fim 3"% = O 5o Hospital's Rule applies
x®0 X + X2
1 H
B. fim 3% Ly cosx =1y
x®0 X + X? x®0 1 + 2X 1
. , o e ¥
VI. Repeated application of 'Hospital's Rule: lim — = —
X® ¥ ¥ ¥
X H X
A tim & = jim =%
x® ¥ y x®¥ 3x ¥
X H X
B. lim =, =lim& =X
x®¥ 3X x® ¥ BX ¥



X H

X
C. lim £ lim & = ¥
X® ¥ 6X X® ¥ 6

VII. Indeterminate product of type (+¥)(0): I(!)r_n¥ xe*

A. lim xe* = (- ¥)(0)

) ) . . ) . X -¥
B. Rewrite to obtain an indeterminate form: lim xe* = lim =
X® - ¥ x®-¥ @ X ¥
. X H .
C. lim = lim 1 =0
x®-¥ o X X®-¥ - @ X

VIIl. Indeterminate difference of type ¥ - ¥ : Iigg (cscx - cotx)

A. lim (cscx - cotx) = ¥ - ¥
X® 0

B. Rewrite to obtain an indeterminate form:
el COSX 0 _

. . . - cosxo_ O
lim (cscx - cotx) = Iim ~~——- —— = Ilim aé_—E: —
x®0 x®0 gsmx SinX g X®08 sinx g O
. - cosxgH" . sinx

C. lim aé.—gz lim =0

X®08 sinX g *®% cOoSX

: . a
IX. Indeterminate power types include 0° ¥° and 1I*: lim ? =2

bx
aa
A. lim g. 29

— q¥
x®¥8 xb =1

B. Use natural log when indeterminate powers are involved: Lety = q-2 ;

C. Iny = (bx)lngi- ;g

D. iim Iny = tim (bX)ING - 22= (v)(0)
X® ¥ X® ¥ 8 Xg

) (b)indL - 29
E. lim (bx)In% - 2% _ jim w = %

X® ¥ 8 Xg xo¥ }/
X

e
(BIngi- 25 L
F.olim—& X2 - ji;m £

(0} .
e lim
X® ¥ }/ X® ¥ _}/2 & X2y 0¥ 1+y
X X X

G. Since im & =0, lim —2_ =ab
X® ¥ X

H. This is the lim Iny, not the limit of y itself!

X® ¥



l. liminy=abp limy=e®
X® ¥ X® ¥



