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Indeterminate Forms:
| L'Hospitay'g Rule

.1 INTRODUCTION

” be two functi )
et [ and g(x) be nctions then the ratig x) IS undefined at x = 4

40) =0 If g(a) = f(a) = 0, then the ratio S (x)/g(x) has the indeterminate

0 - K
i - at x = a but f(x)/g(x) may have a definite value as x — 4 Other

ideterminate forms are /oo, oo =0, 0 X 00, 00, 00? apq 1

- We now disc
«ome of these forms below. uss

0
62 THE FORM [6]; L’ HOSPITAL’S RULE

If /(x) and g(x) be two functions such that
(i) both are continuous ina<x<a+h

(i) both are derivable ina<x<g+h
and (if) f(a) = g(a) = 0,
RN ¢ ) (- W )
r—a g(x) x=>a g'(x) g'(a)

provided g'(a) # 0

This rule admits of the following generalization: If f(x) and g(x) be two
functions such that '

() /" (x) and gD (x) are continuous atx = a
LS ) (x) and g™(x) both exist at x = a
W i) f(a)=fla)=.. =" D(a) =0 and gla) =g'(@) = .. =¢" (@ =0,

; (m)
hen lim i(—al — lim f_(n_)(i) = f_"_(_‘.’l provided g(")(ﬂ)?ﬁo
e gla) T Ly g
" Proofs of the both are outside the scope of this text.
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x sin x
-

Example 1::Evaluate i~
I " siny

X

sinx
Solution: Here lim L Suil AR [9 form]

x>0 Xx-—sinx \0
1. ex smx COSI [B L
= lim ’Hospi
x50 1 —cosx y pital rule]
& —cosxe™” 0
= lim = form
x—0 | -cosx N0
i & — &S0¥ cos? x +sinx e™* "
= |lim | 0 i
Iim i [By L’Hospital rule)
R i cos® x + €% sinx 0
= lim : — form

3

X —eM*cos’ x+eF 2cosxsinx +

& cosx + MM sinx cosx
= lim
x—=0 Cos X
[By L’Hospital rule]
_ I=14041+0 1707
1 1
Example 2: Evaluate Jjm 20X~ *.
x>0 x-—sinx
Solution: Here lim 22X~ % | (9- form]
x>0 x-—-sinx 0
2
: x—1 0
=l 22X TR [By L’Hospital rule] ( form]

x>0 ]-cosx

2
— lim 25°¢ *'0X By Hospital rule] (again%form)

x—0 sin x
4 2 2 '
x>0 CoSXx

__'_2_1—0—__‘2.
1
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j 3: Evaluate  lim %
F‘glﬂl’ x50 2 '
iy 2S08X ~log(l+x
: __—__'___-'_‘—‘-—
snlution. Here !1_1310 ) ) ( 0 ran
0
COS X — x sin x _‘H_L_
= lim T+x
T peal 2x ' [By L’Hospital rule] (9 form)
0
i - 2
~sinx - sinx - x cog 4 [__L
= lim = 1+x ]
= 9 ey e (Y L’Hospital rule]
-0-0-0+1 1
= 3 :
. X—S8inx ]
Exﬂmple 4: Evaluate }I_r)r}) T
g R diny
golution: Here ,31—% . ( 0 form)
_ i [-cosx _ " +sinx . _ 0
30 322 z0  6x LDYL'Hospital rule] (6 forrn)
. cosx _ 1
Ti0 66 [By L'Hospital rule]
e’ +sinx -1

Example 5: Evaluate lim :
HRE x>0 log(l+x)

, . e +sinx-1 0
Solution: Here lim — form
x—»0 log(l+x) 0
» 1+1
= i ETEE e pbidbital rate]= ot = 2 =3
x—0 L ‘ __l 1
1+x : 1+0

3 THE FORM 2

00

LE .
. (v) and g(x) be the two functions such that

| .




140

Mathematics.J

(1) both are continuous ina<x<a+h,.

(i) both are derivable ina<x<a+ h,

(i) lim f(x)

X—=a

oo = lim g(x),
X=a

and (iv) lim L,m =[ <o, then lim
x=sa 2'(x) x>a &
2x* - 4

Exampl(l: Evaluate lim 5

x>0 x2 4 2x+3

! 2x% — 4
1m 3

Solution: Here _
Ripaa X 4 =3

f(x) _
(x)

/4

= ‘Hin ==
X— 0
lo Al
Example2: Evaluate lim ——— JZ 03 89 =
5 X—»00 X
. ) log x 00
Solution: Here Iim — form
X—w X 0
e U | 0O
= lim — =0 S0
X—>® oD
] log sin x
Example 3: Evaluate lim ;
x—0 cotx
COS X
. logsinx 00 i sin x
Solution: Here lim —form | = lim e
x>0 cotx 0 x—=0 —cosec”x
coS X

x—>0 —COSECX  x—0

(lJ sin 2x = 0.
2

h

]oaO : U“dejfmc'; lim

= lim
x—0

X
Example4: Evaluate lim — (n>0).
x—om ¢

= lim —% 2 sin X COS X
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n
., Here lim ) (‘Iﬁ fnrm' = nx"! o,
Gnlngiﬂ"‘ r® € % = lim —_ (ﬁ fnrmJ
. nee 2o\
g nin—1)x"? >
m et—, ‘ |
x—m e’ (Again = fm’mJ iy W
o
. nn=1)(n-2
- lim 22@=Y.321
X e & :;J' =0.
, THE FORM (0 . )
b.
n be reduced to eith 9 -
form 0- ¢4 =0 %" - Let lim £(x)=0and lim
The . o X>a

X=—>a

" w0, then 1im (). g(x) (0. form) can be written as [im L]

(_7[-1-] x—a ]
| 2
% 0 '
l,]t‘onﬂ or lim g(l ) (— form)
(I 5
/(%)
. 1+ x
pariple 1: Evaluate lim, cot.x log [1 —x]'
, 31 1+ x
Glution: Here xlgno OPLE OBl _ (0. = form)
log(1+ x)—log(l-
_ iy o8+ 2)-log(l-x) [9 form]
x>0 ' tan x 0
1 1
+
. I+x 1-x ; .
= lim 5 [By L'Hospital rule]
x>0 sec’ x
1 1
+
= 130 Bedh i 1 _
1 R
E\amp‘é 2: Evaluate xh_l,no x log tan x.
Whition: Here _fi_‘,no x logtan x (0. o form)

Jogo = =0
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- iy SBHDE (3 form]
x50 7% o0 :
. sec’ x/tanx . —x%sec’x , —x?
= lm ——=Ilim — = lim —m——
x—0 1 x—=0 tan x x—0 2 Sinx
iy Cos™ x
x cos x
—2x2
= {ih .— = (—Q form]
x—0 Ssin2x 0
L ity T By L’Hospital rule] = -0 =g
o0 Zcos 2x By LEogpiLmig]= a
Example 3: Evaluate lim x? log (x?).
x—0
Solution: Here lim x* log (xz) . (0 . o form)
x—0
_ log(x) o
= lim ] — form
x—=0 il oo
x? '
_ % 2x
= lim *—— = lim —x*=0.
0. 3 x—0
&
Example 4: Evaluate lim0 sin x log ().
xX—>
Solution: Here lim0 sin x log (%) (0 . oo form)
xX—> ; 5
2
e log x (2 forrn]
x—0 COSecx 0
—-2£ \
x2 . -2sin’x . —2sinxtanx
= lim =lim —mm = lim
x—0 —coscex.cotx x>0 XCOSX x—0 __ x
(9 form]
0 .
; 2
i —2cosxtanx — 2 sinx sec” x (By L' Hospital rule)
x—0 1
0-0

Mathematics.|
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5 THE FORM (e - o

oo — o0 can be 9
The form educed to 0 form, then we apply the L’Hospital rule.

pet/(x)and gx) S eoasx — 4 then Jc“rn

sa 1f(x) ~8(x)} (e0 — oo form) can be
1 1
1

written as xlina 1 [9 form)
1) g 0
S glx) |
pxample 1: Evaluate lim [l *__l__J
jon: Here lim l_ 1
o N gl—n_; Z (00— oo form)
Sinx X
= ]' mrae, (N 0
xTo X sin x - (6 form)

i ks cosx — 1| g T = e
i/ 9 e [By L’Hospital rule] [agam 0 form]

—sinx
= lim , .
x—0 COSX — X Sinx + cos x [By LHospital rule]
0 0
™ =—==0.
1=0+1 2

1 1
Example 2: Evaluate lim (‘2‘_—2“']
lx—)O X sin

1 1
Solution: Here lim (——* ]

oo —oo form
x>0 \x* sin’x ( ‘
= lim sin” x — x? : [9 form)
=0 42 gin? x 0
= lim o SO CORE: — o [By L’Hospital rule]

x=0 2xsin? x + 2 sinx cosx x

= |im

sin2x — 2x [0 ]
x-0 2xsin

— form
2

X+ sin2x X2 0
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2c082x -2

X+ 4x sinx cosx + 2 cos 2x x>+ 2x sin 2x

lim ;
x—=0 2sin

2

[By L’Hospital rule] (again % fonn]

— lim —4 sin2x
x—0 2 sin2x + 4[sin 2x + 2x cos 2x] + [4x cos 2x — 4x” sin 2x]
[By L’Hospital rule]

o -4 sin2x 0
= lim : : — form
x>0 6sin2x + 12x cos 2x — 4x? sin 2x 0

= R -8 cos2x
x>0 12c0s2x + 12 cos2x — 24x sin 2x — 8x sin 2x — 8x2 cos 2x
. [By L’Hospital rule] -
—8 | Uy Ll '

12+12-0-0-0 24 3°

Example 3: Evaluate lim (sec x—tan x)
L
X=Frs
2

Solution: Here lim (sec x—tan x)
T

2 dary
2

. | sinx g ] —sinx
[if, feede oo~ | = [l
T \COSX COSX T COSX
5’ —

Il

= lim —c?sx_ [By L'Hospital rule] =0
& —sinx
2

: % 1
Example4: Evaluate lim (———-——.
x=»1 |x—1 logx

' 1
Solution: Here lim . (e0 — oo form)
x>l |x-1 logx

Lo xlogx—(x-1) (Qform)
x>l (x=1)logx 0

A logx —1
= lim 3-‘————-——-—1 [By L’Hospital rule]
x
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i X logx
= |im 3T _ 0
1 Xlogx+ x - [6 formJ
X
-+ ]ng
= lim _'£__________ ' y '
x>l X [By L’Hospital rule]
—+logx +1 '
1+1
= lim _"—o'gf— = -I_
x—=1 2+ logx o8
; I log (1+x)
: luate 1 A DX )
E.‘iample 5 E¥pae xl—]PU {x x2 } &
* >
_ I log(1+x)
golution: Here P_r)no {x R 2 (00 — oo form)
lim x—log (l+x) 0
T 250 2 (- form)
X
lim e 1 :
1 »
~ x50 ] [By L'Hospital rule]
2x
m li 1 1
= T = im 1
x>0 2x(1+x) x50 2(1+x) 2
. 2
Example 6: Evaluate lim {—=- ,
' =0 | X x(e* +1)
, 1 2
Solution: Here lim <—— , (o0 — oo form)
x50 | X x(e® +1)
1) - Ml 0
- hm €022 el (_ fo,m]
x>0 x(e* +1) =0 x(e* +1) 0
e.‘.‘
= lim [By L'Hospital rule]

x>0 (& +1)+ xe*

1
1+1 2
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6.6 THE FORMS 0°, 1 AND oo°

For the three exponential forms 0°, 1** and =", we find the limits of the functi
of the form y = { (x)}gf"} as x — a [That is when (i) both f (x) and g (x;ons
0 asx — a, (if) f(x) > 1 and g(x) — +e> a5 X — g, (iii) f(x) = o and g(:;
— 0 as x — a] by taking their logarithms and reducing it to the form 0, co,

Example 1: Evaluate lim (aitun)“™ ¥

x—0
Solution: Let y = (sin X)2 tanx“then log y = 2 tan x log sin x
. lim logy= lim 2 tanx logsinx
et S e 5 (0. e form)
2 log sinx
- lim ©
x—0 cot x ; orm
) c?sx
s [fiies sin x
x—0 (Fcoseczx)
= lim —2sinxcosx= lim —sin2x=0 |

x—0 x—0

Since lim logy= log(lim yJ,then log(lim y] =0=log1 -
x—>0 x—0 x—0
lim y=1

x—0

or lim (sinx)*@"*=1.
x—0

n
—=X

Example 2: Evaluate: lim (cosx)?
x—>g

n
=l

Solution: Lety= (cosx)? | then logy= [g - ] log cos x

. .
lim logy= lim [— - x] log cos x (0 . e form)

x>z oL - - ‘

2 2

| _ %

= lim —2 [E form]

o o

2 1
——x
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qinx n 2
‘Sil'l.l'( - - x]
i C
- hm“ ——_9§_£?= lim _______‘_2____: 9:0
‘""5 \ gpl Cos x 1
| 2
— - X
2
( L ( \
gince hm logy = logl hm Y|, then log hm y[=0=log 1
‘42 x_')E x—pi

n
lim 4=1or lim (cosx)?2 * i
I—‘)';E x‘—)i

1

gxample 3: Evaluate lim [_tin_x_)x
X x—0 x

1

tan x \x 4
golution: Lety = (——] then log y = — log[mx]
X X X
=
log
. lim logy= lim S P (9 form]
x—0 x—=0 X 0
( x xsectx-— tanx\
) tan x x?

= lim [By L’Hospital rule]

x—0 1
S 2x —sin2x 0
= g~ — form

x>0 XxSin2x 0

2 -2c0s2x (0 ]

= li By L'Hospital rul fo

:l—l?o sin2x + 2x cos 2x iy L Fogpuiel e .

4 sin 2x

= |i - By L'Hospital rule

:l_ino 2c032x+20052x—4xsm2x[ Y P ]

0 0

I ee—— T — —
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Since lim logy= log[ lim y}, then log( lim y] =0=log |
x—0 x—0

x—=0
]

lim y=1=5 lim (“’"’"Jx =1.

x—=0 x—0 X
, e
; sinx
Example 4: Evaluate {im ( , }x.

x x—0 X

1 x ] i
Solution: Let y = (Slnx] . Then log y = ; log(sme

X X

[sinx]

. _ log

) : 1 sin x ; X 0

lim logy= lim . log( ] =AY | et (6 form]

x—0 x—0 X x—0 X
[( X ] xcosx-—sinx}
. " 2
) sin x i .
= lim [By L’Hospital rule]
x—0 | {
_ X Ccosx—sinx ) 0
— llm = 5 ('_ form1
r—0 xsinx 0
COS X — X Sin X — COS X' :
= lim : [By L’Hospital rule]
x—0 Sinx + x cosx
—Xx SIn
= lim — il . [9 form]
r—0 SINX+ XCOSX 0
—SINX — X COSX .
= lim ; [By L’Hospital rule]
x—>0 COSX+COSXx—xsSsinx
0-0 0
p— e SR ) 0
1+1-0 2

Since lim logy= log[ lim y],then log( lim y] =0=log 1
x—0 x—0

x—0
]

lim y=1 = lim (s‘“]" =1

x—0 x—0 X

X
Example 5: Evaluate lim (l+—l~J :
x—0 X
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I X |
I

x —
log ( 3
_ 0g(x +1) — log
.o logy = lim —=2=T ")~ 08(x) o
, lim 08P e 1 — form
x
1
; x+1 X [
= lim = lim ]
x—0 x—=0

Since llm logy= log(hm yJ then Iog( J: =log I

lim y=1= lim (1+ ] =
%

x—0 x—=0

1 tan x
Exampleé Evaluate lim [-—2—} ]

x—>0 X
1 tan x i 5
o X cotx
' . =2
M logy = lim 0gX (f form)
x>0 cotx s
1
. o sin? x
= -2 Jdim o >— =2 lim
x=>0 (—cosecx) x30: X
. sinx sinx
=2 lim —.—.x=2.1.1.0=0
x—0 X X

Since lim logy=1log [lim y), log(lim y] =0=log 1
=0 x—0 x—0

1 tan x
lim y=1= lim ("i'] = 1.

x—0 x—0 \ x
Example 7: Find the values of @, b and ¢ such that

X ~%
lim — ki Lo 2, applying L’Hospital rule.

x—=0 xsinx
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Solution: Since the given function has finite limit as x — 0, and'denominagm.
— 0 as x — 0. the numerator should also — 0 as x —= 0 which gives

a-b+c=0 = (1)
i ae* —bcosx +ce” ( 0 I
,;]_r,nn xsinx b'f()rm]

ae* +bsinx—ce "
= 1 _ By L’Hospi -
,\!l_l,ng sin x + X €OS X [By LHospital rule] = 2
Again, this function has finite limit 2 as x — 0 and the denominator -> 0 as

x — 0, then the numerator should also — 0 as x — 0 which gives

\ g —=C= 0 :“(2)
’ ae* +bsinx—ce” 0
. lim : : s
x>0  Sinx+xcosx 0 form]

lim €a+bcosx+ ce *

x20 o5 x4+ cosx — xsinx

[By L’Hospital rule] |

a+b+c
= = =2 (" given limit is 2)
~atb+c=4 ()
From(1)and (2),wegeta+c=b=b=2a ("> a=c) (4
From (2),(3)and (4), wegeta+2ata=4=a=1
. b=2andc=1

Hence,a=1,b=2andc=1.
Example 8: Find the values of a and b such that

~ x(l-acosx)+bsinx 1 _ .
lim 3 = — (Assume that L’Hospital's rule is
x—0 X 3
applicable)
x(1 —acosx)+ bsin 0
Solution: Here lim dall [5 f°ﬂﬂ]
x—0 X
~ (I-acosx)+axsinx+bcosx y "
= lim > [By L’Hospital rule]
x—0 3x

Since this function has finite limit % as x — 0 and de_nominator — 0 as

x — 0, numerator should also — 0 as x — 0 which gives
l-a+b=0 (1)
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lim M“”“W (0
130 sz 6 fmmJ

asinx + gsin

— lim Y+ axcosx - pgin x
x>0 (,\
X

[By L'Hospital rule] (again % fOfmJ

. i '
_ dim acosx+a.cosx—-axsmx—bcos.r

frore) P [By L'Hospital rule]
3a-b 1 | I
= 6 3 ('.‘Given limit is SJ
or 3a-—b =2 (2)
From (1) and (2), we get 1 —~a+3g 22 = of a=1/2
b:a_»lz l.._l=_.._].
2 2
a= l andb=—l.
2 2

6.7 MISCELLANEOUS EXAMPLES

gxample 1: Find the following limit;

: e —1 ) i 2 sin x —sin 2x
. T i) i
(1) xl_l)'l“lo log (1 + x) x-El(} tan3 x
! r—sin~l ¢ @) i sin log (1 + x)
bt Rl iv) lim » .
(iif) xino G xl_>0 log(1 + sin x)
. 3 1 _ezx__l (9 form)
Solution: (i) xl_r>n0 log (1 +x) 0
262):, '
— lim [By L’Hospital rule]
x—0 1
1+x
= P—To 2(1 +x)e*=2(1+0)’=2
2 sin x —sin 2x 0
(i lim : [" form]
x—0 tan” x
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(iii)

(iv)

y 2 cosx — 2cos2x
lim 3

x>0 3 tanzxsec ;.

~2sinx + 4sin2x

[By L'Hospital rule] (g fOrmJ

Mathematic. / I

him - .
x>0 Gtanxsec x+ 6tan” xsecx

—2sinx + 8sinx cosx

lim pr
=0 & ol sec? x + 6 tan” x —— secx
COS X cos x
_ -2 +8cosx _—2+8 6
lim 3 3 . 6 R
x>0 Gsec’ x+6tan” xsec” x +0 6
s sin"'x ' (0
i e —
x>0 sin” x 0 form]
{_ 1
I 1= [ByL'H
im ; i
z30 3 SiIl2 X COSX g it mle]
21
;) 2 [0
lim — fi J
x—0 3sin’ x cosx 0 o
3
_ —x{1-x%) 2 0
lim : ( 5 ) 7 [— form)
x>0 2.3.sinxcos” x—3sin” x 0
[By L’Hospital rule]
2 __5_
% 25 2 =3 = 4%) 2
x—0 6 cos® x —12 cosx sin® x — 9 si 2 X cosx

-1-0 =1

5 1-12.0-9.0 ' 6

sin log (1 + x)
im ,
x—0 log(l+ sinx)

cos log (1 + ;r)

lim
x—0

(1+x). .COS X

l+sinx

(I +sinx)cos log(l1+x)

gor

[By L'Hospital rule]

(1+0)cos0 |

lim

x—0 (I + x)cosx

(1+0)cos0




—
nate Forms: L Hospital s gy, 193
¢ Show that |
mple 2 JIIPU l"gmn’ T tan? 2, - ]
log, m
. Since log, m = =S¢ . f 3
j il En log, n + the required limit
2
- lim 28O0 2 og(tan2x) (2 form)
20 log(tan®x) x50 2 log (tan x) 0
tan
, 2 sec? 2x tan x seetdy —
:hm—___x'_“z“=1im X
x>0  tan2x S€C"Xx x50 gsec’y  tan2x
2x
[By L’Hospital rule]
= 1x1 [ limEn—{—_-]J
x>0 Xx
= 1
xample 3: Show that lim x log sin? x = (
x—0
olution: Now lim x logsin2 X (0 % o form)
x—0
1 =) .
s T DR [f form)
x—=0 l o0
X
2sinx cosx
2
= lim —10X [By L’Hospital rule]
x—0 __L
32
v o8
- hm {—2 Cf’sxxxz} = lim {xcos xSi0X (_2)
SIn x x—0 X
1
= =2)(0:1) 1 = 0.
Example 4. Show that (i) lim (sinx)®* =1 (i) lim (cot?x)*"* = |
{ x—>s x>0
i 2
tan x v cot>x ‘i
G tim (2] = e () lim (cos 9= € 2,
x—=0 X x=0
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Man hematje 0.

Solution: (/) Let y = (sin x)'""™ .. log y = tan x log sin x

lim logy= lim tanx logsinx
n n

x——

X—o—
2

(

or

( )
lim logy= log[_ lim yJ
T n

log| lim y =0='log]
x>

X
2
log sin x 0
= lim —— i
_l n  cotx (0 form)
X——
2
l . cotx (By 'H
= lim y ] 08D
ot —cosec’x spital rule]

= lim sinxcosx=10

T
X—=—
/s

X
2

)

2

lim y=1
n

x——
2

or lim (sinx

x—>—
2

(i) Lety=

lim
x—0

- x-0

Since )}l_{,no

logy= 50

)tanx =1

(cot?x)*™* -, log y = sin x log cot? x

lim -~ gin log cot® x

lim
. x—0

log cot® x [m ; )
cosec x T,

2 .
—— (—coseczx)
cotx

—cosecx cot x

itk 2 cosecx
= 230

lim
x—0

cot2 X

2sinx .
cos? x

lim

logy= log(li_'*“o J’J , we have
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imy|«p-

Intl[‘r '0"° ] 0=log |
lim _ _ lim .

or r-0 y il I or 1] (cotzt)mﬂf = '

|
tan x

- xi 3 I t
iy Lty (TJ "'08)’:;3'08(3-"-—{J

x
log(@'—t
X [0

L
[By L'Hospital rule]
_x__xxseczx—tanx 1
& i tan x ¥2 _ T x—istx [Qform)
£ 0 2x =0 —7 —— 0

. 1-cos2x e i (Qform)
x>0 2x2 cos2x 4+ 2x sin2x 15 I Floapiesl sule) 0

- tim 2sin2x
x>0 —4x? sin2x + 4x cos2x + 2 sin2x + 4x cos 2x

0
[By L’Hospital rule] (3 fmm]

- Hii 4 cos2x
x>0 —8x? c0s2x — 8x sin 2x + 8 cos 2x — 16.x sin 2x + 4 cos 2x
[By L’Hospital rule]
.
T 8+4 3

T " 1
lim logy= log(}l_r’no y] ! log[ lim y] e ,

x—0 =0

- 1
lim y= lim (E]xz = el

x—0 x—0 X

(iv) Let y = (cos Jc)cotz * logy = cot’ x log cos x
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lim logy = lim cot’y log cos x

130 t—0
~ Ijm 0g o8 C; s-_r (Q fo
-0  tan” x 0 rmJ
= lim —tan.rz [By L'Hosp;
v—0 2 tanxsec” x SPital rujg)
I

lim logy = log[ lim .V)

x—0 x—0

|
log[lim y) ~% or lino y=e?

x—0

l

2
or lim (cosx)®" *=e 2.
x—0 , 69
asinx —sin2x ;
Example 5: If lim 3 is finite, find the value of g, and the
x—0 tan” x
limit.
3 ~ asinx—sin2x 0
Solution:  lim 3 — form
x—0 tan™ x 0
. acosx—2cos2x _
b Tt [By L’Hospital rule]

x>0  3tan’ x sec? x
2

When x — 0, the denominator 3 tan?x sec’x — 0; since the given limit is
finite, the numerator (a cos x — 2 cos 2x) should tend to zero as x — 0.

: a-2=0,ie,a=2
Putting a = 2, the given limit becomes

2 cosx —2cos2x

= lim 5 =
x=0 3tan” x (] + tan” x)

. 2 cosx —2cos2x 0
= |im - > — form
x>0 3tan” x +3tan” x 0

-2sinx + 4sin2x
2

= |lim
x—0 6 tan x sec
. | : 0.
L e 2smx+25m2x 3 (— lorm]
x=>0 (] +tan x)(3 tan x + 6 tan I) 9

3 > [By L’Hospital rule]
x+12tan” x sec” x




ample 6:

ymrinoie Forms | Hospital Rule

IS7

lim —— _“COSx 4 4 g7,
sl ' -
v Jsec’ x 4 terms Nvolving product
of tan x and i higher power

Find the valyes of a and b in order that

lies 0(1 +acos§))~hsin0 -
00 0 :

9(l+ac039)-—bsin9 0 w—
____——_'__'---_-_-______-_-_ —
0 (nf J

I +acosB) ~ 4 0sing -
- ( cos0) -~ aBsind - b cos (A)
lim v

lim
00

When 8 — 0, the denominator 3 6% — ), gince the given limit is finite, then

umerator (1 +acos 8) —a 6 sin 6 - b cos B should be zero as 0 — 0, we get
l+a-0-b=0orl+a-p=¢ A1)
d hence by L’Hospital rule, then (A) becomes
. —asin®-asin®-a0cosd+bsind 0
= lim — form
600 60 0
. —2ac0s0-acos®+absind + b cos B
= lim
00 6
[By L’Hospital rule]
—3a+b
- 6
0(1+acosB)—bsinb -3a+b
lim iz =1 & =1
00 0 6
or 3a+b=6 ‘(2)
5
From (1) and (2), -3a+1+a=6,=a=-=
and = a 7
& -3
a= =2 andb=
2 2
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Evaluate the following limits:

11.  lim {x—xz log[lJrl
X—®
. logsin2x
1000 ==
x—>0 logsinx
15. lim (1+sinx)*"*
x—0
_ 1
17. lim [——cotx]
x—=0 \ X
19. lim (cos x)wszx
L
’)
2
g = 2.2
. 3
7. 1 8. 1
13. 1 14. 0
19. 1

X —SInxcosx

lim 3
xr—0 X
lim cosec (ntx) log x

xr—

lim sin x
x—0 ‘2

1 X
X X

lim (secx —tanx)
n

X—>—=
2

Mathematies. /

EXERCISES
. ¢ +e " ~2cosx
2. lim -
x—0 X 8inx

X

. (-

9.

15.

0

)

lim g
¢+ 322 (2 -4 x<2

|

I
lim (1 - x*)l8(i-x)

|

6.
x—=1-
8. lim x**
x—0
1
10. lim [ —lJ
x=0 {2 =1 =z
e
12. Lim x'°*
x—1
log sin
fh i,
x>0 cotx
xcosx —log(1+
16. lim il
x—0 X
logx—cot%
18. Ilim
x—-){]-{» COtT[x
Answers

1

9,
T

10.

(-l] 5.1
4
3 2
1 170
2

12.

18.

o | —

2

/
%



