
%1)UaL
P*j<#

ti,,
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0*
,{lhn
{-}oO

I--(;-
{x'+1(tu

tu
c+'(.L

1" +3x 
'- 

X"tx-- I { ,[t^ *t(1],
(+oa

,{ L \'lt - fr )=+@
-5'-_{xxL

= rli*
*4 ct

=h,
X-)+aa

=lot,v(J+0,

-=,Qirnn

l( -1-r@

= ,Qi^
{+*v

-- ,'tt^
K -t*oc

:0"

xu(1*$) *) ; I x [=[''r'*
l-x)xcoX3-X re

lx'lfrh
x(x'-t)
*ufr;F-
W

x'- L

*,{cI

'i-*

K-q
j'-' {r
bW

-;t 
,,?inn ex =- +n

J xt+@

Y=l,^*,0," ex = o

4*lnD,VL

X.+^-op

,,[inr ,[,nx: too
x-) *oa

,ti* lwy r **
* qo*

rx" - x.zrn

lx'l=l;n%

(r,o';
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3.6 Indeterminate Forrres

3.6.1 L'Hospital's Rule

ldote thirt the theorcrr also rvorks lbl one-sidcci lirlits.

r cC-@,0 n*, wo 7 o?*

E- ,ttt
(-ro

4 rrx-5ivt x)
cAx

d

I

0g_
at sQ

Example 3.25 Find

-Qi,, ix*sin x

N-iO

.ttna X
&-ro

.. 3.r - sin r
lr1n 

-.

r:-+0 f
i-& 

)

I i l.

" xi' n+
l

i t ,.f,
'I ,* ,.,

slr\
!

j

?j:u
x

(r)d
ak

1-wsx

Note that the theorem also works for on+-sided limits.

Exampre 8.26 Find jss # -" -i, #= 35 -g'
es,2n+3 --+; 

] h","d-;^ ilffi'.?ir',^ 5x*+ 4Qo ( *-o' 5x+? (-
(a-i", I * (sx++)

= ,li,' x:to
3 -1 -P -Gd-

1
Z

L

=9-
5

;,&,,
x+oa

LL
c:-

55
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4

,3i* y
/.-tq Jx+3

, ),^
{-r q

,0* *
yr6

E
j{

Xi*
*-rQ

L' H;p;{ol
-€ 

t-

,?i*
*-r2

xt- q

*-L =!i* 3l_K_)L t
-- rtLz\ = +

x-z
!1' ?'

*'*:2
=.?f 'frL

,tr*
d-a? d. r*-z)

c\x

r.
uN
:

ft,,'
X-r O

x*b
x+2

,ti. Y =
KrO XqL

[t"lJU rrro:laifl+ o
D

\r t'm'tt^,t

b
L

-_9

$*"fd{"x*)

=lia ,l**:= b
*)q

(qn r r'i')

XT; wzw\ (x+e) = Lt

flt-L+r

W4*

Sr

1I

ft^ tgl
i-not X?-

,[r^ @
r.4ot az

frrto^^ 
* I

t-")
dl*

,7@
Suc'.t% =to,2*@

: "tiu^
x*:ot =,[],*+st

2*+ y(-
w It*

*40' l- (05 xo
;. +93



Cu r't 'Jil f unrS rtr*ilrntu{r I'S 
kxt = -a, *f $(") = *o

* f,(*).4 ,fu q'r,o =2.

!i, 11,,! a. 0
( -r { $(x)

$ly. H\ ; 13* #i =+ =d
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Other Indeterminate forms

lr,pNrb) |*:'-l-'-o lo ln,$=oo,o-DE la 
i

i@*461

I ls,r-tT
sll A

Solving other indeterminate forms require us to change the limit so that we can use L'hospitai's rule.

Exampre B.2z Find .,*ff,;i; r$"1*fu;^l^JJ.".;'*T{]J 
0

"ft,
t-1@

,ft* 4K 
= ,h,

*+99 1 xr@

tah(l)r,ilo.p;{^r

-' fi^
X.-ta

q

m)

L'&?,t^[ fthi
'krd*

i"({)
E** si,

1. .#

__l

rx-

_ ; _1,1

i\

sitrr x I

xs{n /
*-( **il^x )

F"il
Spr X

"!i^

Exampte 3.2e Find 
*15&(sinr)'. 5it { 6,g6'r}tolilluc^l{{U o0

6arrilr g =$in x) * 
v

lak.n ,0,, ,, I -- 9n ( 5i^ '<)xF 
[^ * * x 'tA 

(sirn x)
di-

x+ot (x (-st" 
") 

+osx+ccExI

Irr case the lirnlt of tiic form 0o. Ko, 1--, :rpp13.. log:,rritirm to the iirnit.

e.., )

o.,l;- .!tn, *l;l'rr*.I = !q &(lU''l-::--- i-ro+ fio* I

l_'
x

gr*n ,tt* i'f tt)Stk1 = lt*,€ srr6)
tr.lX *-aoo

,ddtxl rJoX+@'?o *{O
. , sece firt_,

j' A^ xk{" (*) E
x*@

-f,. , {', ItXJ *+
t'-- 

_ q--l:'* 6ilu1d6ui'noftruoarlY va -@

=,ft^
1* Cos x

(-*r+ X COS X lsin x

U'i-UitUt

-r,u.TirJm)
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L'u6p;+"'Q

-' 
0.

JUt,t^

r(+6 {

= .,Qi,
*-.lon

={'E-

Qi^- -x+o+

= ,ti*
{+6t

*"t*)
Sin x o\Y'

-$ Qj^(srnx) )
o[v '

I
- ru,

aot 
^

I*tr
4

tan^ (

-- Pr^.
rt-to*

ttn, h^ 1"?. "?i^n g
x+ Ot

fi^l --o
o

9='
4

L'uap',&[

[nq,qoj t .0i^ .?,r,.1 : O
: *|- i-ro* r

.Qt*.0*1 = o
x->o*

q)iltlon ar ,A^ W 
*iordo:t'rt'{' (o 

'* )

oqnolnU--+ dbl = ttr 
n

drosr {c*l=e* diorrlololoJrt x'

xz
'1*

- I.-
t>n x

2rn
L,,'

I
Sec* x

d =eh!'Y =eoiL

yio

[m- x
/0{r

-3n'Jl.A= G-,I""" I -* k- lq .9 = 0:) k.
I

,Ql U '-CIyvl

.a*
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Failures of L'Hospital's Rule

Somctirnes nsitig I-'irospital's Rule u,il1 not -soivc the pr:oblerrr i.s in ti ,lt,r,.'irr* exaurpit:.

I irr, i li rr r se(' 'i' 
.

:r' .( ri,,'2)- tilIl :l:

Failed Solution First. lct firri1 oui rrhat hairpcns if rve rrse'L'Hospititl's rrrl<:.

Iotict-'.Littit lilr secJ:.^..: iini ttil.r:. Tirr.lr'efolc. it is 1.riis-<ible 1ti usr.,L,'Floslltiiai's irrLe.
.r' + i r; ill J: .t (.r tt .).)

Ii:u + - iirrL 
"f; 

'*'"'' - lilrl se( 'i'l,irlr'r 
- lirrr l;tlt-r.

r'+lT//2)- tilll:l 1: +(Ti))- *tii1l .r' r .ir l, SeC3.t: :,--i.r/)) ,cecr!

lrsing- L'Hospittl.l's r'lrle agaili, we rvi11 have

lim tanr 
- lim secf.

r-+$rl2)- Sec:t r-+(r/Z)* tanr

So we return to the problem at the beginning and nothing is solved!

Good Solution Try sirnplifging the erpression first.

sec :7: 1r" ctls.r: 1

t an .r slri rt, / r'r'rs ;-' siit r '

Thi:lcfole.

liur s.c :1: - lln l 
=. 1.

r-Qr12) tatr.r' ,--l; -.1 sin-r
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