| LIMITS [JEE ADVANCED PREVIOUS YEAR SOLVED PAPER] |

JEE ADVANCED

Single Correct Answer Type

I flx) = J“'Si"f  then lim f(x) is

X+ COS X .
a. 0 b. o=
c. | d. none of these
(IIT-JEE 1979)
G - Gll) .
. M Gx) = —\&5 -.rz,then lin} (I) l ( ) 1S
X X
1 1
ﬂ- e bu ==
24 5

d. none of these

(IIT-JEE 1983)
lim : - ot Is equal to
ne |1 =n* 1= n? | — n?
1
. 0 b. ——
: 2
C. % d. none of these
(IIT-JEE 1984)
St , for[x]#0 .
I f(x) = | [x] , where [x] denotes the
0, for[x]=0
greatest integer less than or equal to x, then H-TJ f(x)1s
a. | b, 0
c. -1 d. none of these
(IIT-JEE 1985)
Jl(] ~ cos 2x)
. The value of lim 2 is
x—0 X
a. | b. -1
c. 0 d. none of these
(IIT-JEE 1991)

l-cos 2{x-1
lim\/ cos 2(x - 1)
x—| x-1

a. exists and it equals J2

10.

11.

12.

13.

b. exists and it equals — V2

c. does not exist because x-1 — 0

d. does not exist because the left-hand limit is not equal
to the right-hand limit (ITT-JEE 1998)

Let nbe an odd integer. If sinn@= ) b, sin” 8, forevery

value of 6, then 0

2 b=1,0,=3 b. b,=0,b,=n

c. by=-1,b,=n d. b,=0,b,=n"-3n+3
[IT-JEE 1998)

. Xxtan 2x —2xtan x .

lim 5 1s equal to

0 (]-cos 2x)

a. 2 b. -2

c. 1/2 d. -172 (IIT-JEE 1999)

Forxe R, lim [x — 3) is equal to

x—oa \ X+ 2
a. e b. ¢’
c. e d. ¢ (IIT-JEE 2000)
sin (rr cos® .r)

lim ; is equal to

x—0 X

a. -n b. &

c. xl2 d. | (IIT-JEE 2001)

~ (cos x-1) (cus X - e“) |
The integer n for which lim 2 Is a
x—0 X

finite nonzero number 1s

a. | b. 2

c. 3 d. 4 (IIT-JEE 2002)

{(a —n) nx —tan x} sin nx

If im ; = (), where n 1S nonzero
x-0 X
real number, then a is
: +
a. 0 i 2
n
c. n d. n+ L (IIT-JEE 2003)
n

The value of lim((sin x)""* + (1 + x)*™*) = 0, where
x>0,1s *
a. 0 b. -1

c. | d. 2 (IIT-JEE 2006)



(x-1)"
log cos™(x—-1)
gers, m # 0, n > 0 and let p be the left hand derivative of
x—1latx=1.If lim g(x)=p, then

x-l!*
b.n=1,m=-1
d.n>2. m=n
(II'T-JEE 2008)

15. If lim[1+ xIn(1 + b2)]"* = 2b5in%6, 5> 0,

14. Let g(x) = :0< x<2, mand n are inte-

smf 68 € (—m, x], then the value of @ is

a :t£ b. iE
4 3
c i% d % (IIT-JEE 2011)

X =5 oo I+
a. a=1,b=4 b. a=1,b=-4
. a=2,b=-3 d. a=2,b=3
(IT'T-JEE 2012)

17. Let a(a) and P(a) be the roots of the equation

A+a-Dx*+(1+a-Dx+E1+a-1)=0 where

a>-1.Then lim o(a)and lim f(a) are

a—0" a—0*

5 I

a. ——and]l b. ——and -1
2 7,
-

C. -E and 2 d. none of these

(IIT-JEE 2012)

Multiple Correct Answers Type

2
X
a—\[a2-x2 -

1. Let L= lim 4 a>0.If Lis finite, then
x—0

4
X

a. a=2 b. a=1

C. L=—1—

l
d. L=— (IIT-JEE 2009
64 32 o ‘

Integer Answer Type

1. The largest value of the non-negative integer a for which
1-x

. {-—ax +sin(x—1)+ a}ﬂ?
Iim

x+sin(x—-1)-1

1S

it

4

(JEE Advanced 2014)

2 Let m and n be two positive integers greater than 1. If
Ems{ﬂ"}_ 8 -

i m .
lim —— = ——_ then the value of — is
a—0 a™ 2 n

(JEE Advanced 2015)

-]

Fill in the Blanks Type

nx

1. lin']l (] —x) tan 5 = (ITT-JEE 1984)
X—
> 1t sinx, x#nm,nel
-~ S = 2 otherwise
r.rz +1, x#0,
and g(x) = <4, x=0
. x=:2
then [inag{f(x)} IS =
' (IIT-JEE 1986)

x! sin[l) + x°
3. lim g
X—y—oo (1 +|x[3)

(ITT-JEE 1987)

. E

4. ABC s anisosceles triangle inscribed in a circle of radius
r.If AB = AC and h is the altitude from A to BC, then

triangle ABC has perimeter P = 2(\/ 2hr — h* + Zhr)

and area A = and also
’ A
llinﬂ F; = (IIT-JEE 1989)
+6 x+4
5. lim (" ) = (ITT-JEE 1990)
x—oo| X + |
| +5 2 1/ x°
6. lim ( *"IJ = (IIT-JEE 1996)
=0 ]+ 3x
In(1 + 2h) -
g, Jion DU+ 2H) . 2n{l +8) . (TIIT-JEE 1997)
h—0 h
True/False Type
L. If lim [f(x) g(x)] exists, then both lim f(x)and lim g(x)
exist. (ITT-JEE 1981)
Subjective Type
1. Evaluate lim M,(a #0).
x—a J3a+x - ZJ;
(IIT-JEE 1978)

2sin x —sin2x
2
lim /(3 [where (6= %ﬂ} .

2. f(x) is the integral of , X # 0. Find

(IIT-JEE 1979)



2 . 2 _- X x
a+h] sin(a+h)-a sina 4. Usetheformula lim = l=lnaluﬁnd lim £~

3. Evaluate lim(

A0 h | =0 X =0 (14 x)"2 =1
(II'T-JEE 1980) (ITT-JEE 1982)
5. Find lE]ﬂ {tan(d4 + x)}""™~ (IIT-JEE 1993)

Answer Key

| JEE Advanced Fill in the Blanks Type
Single Correct Answer Type {2 5 1 3 ]
1. €. 2. d. 3. b. 4. d. T
S. d. 6. d. 7. b. 8. c. B 5 1 s
9. ¢ 10. b. 11. c 12. d. 4 A=h\2rh-h ' 1287 At
13 ¢ 14. c. 15. d 16. b. >
6. e 7. -1
17. b. ¢
Tru Type
Multiple Correct Answers Type e/False
1. False
1. a,c.
Subjective Type
Integer Answer Type : ,
1. (2) 2. (2) 1. 35 21 3. a’sina +2asina

4. 21In2 5. ¢



Hints and Solutions

JEE Advanced
Single Correct Answer Type

1. c. lim f(x)=lim A=

[ —o0 X —hoo
V | +
X

.r-—bl ,1‘—1 1—11 x—1

o V24 -y25-27 24+ 254

=S RN ¥ NN -y
x*-1

l)[wfﬁ+\/25—xlj|

x+1

= lim
=1 24 + \}25 =~in®

= lim
x—| (.I _

Alternative Method:
lim G(x)—-G(1)

x—+l X - l

25— —(=28) [0 ]

— form

= lim

T ox—l xr-—1

X

2
ol (Applying L'Hospital's Rule)

= lim

x—

1

JEEZJ'

I 2 n
3. b.lim + 4ot
...,..[1_,,2 1 - n? l—nz]

14243 +---+n

= lim
f—4oo I"HI
nin+1)
= lim —2

2

n—kon ]_"

1

e
= lim 1" «==1/2
==}
Bt ESI
4.d. The given function is
L L R
fx)=1 [x]
0, if xe[0,1)

S.d.

6. d.

7. b.

sin[—A]
. =i
Jm = e
=|lim B =sinl
h—0 (—1)

 lim f(x)# Ilm f(x)

x—)"

Therefore, lim f(x) does not exist.

x=+0
Jl .2 sin® x
2

J %[l -cos 2x)

lim = lim < g
x50 X x—0 X x—0 b s
|Siﬂ (0- h)‘ |—sinh | sin h
--" - Ll ] = I+ = = 1" o — =_]
L hlﬂl 0-=h h-:;% -h n]—T} -h
o .
RH.L. =fim (S8 0+ A)| o sink
=0  O0+h oo h

As L.H.L. # R.H.L., the given limit does not exist.

- J1- cus[Z(x -1)]

LHL.= hm :
=1 —
e stinz(x—l)
x—l I—]
= /3 lim Isin(x=1)|
r—+] X—
= J_hmlsm( h \Ehmﬂ=—ﬁ
h—=0 —h h—0 —h
RHL = lim J2/ 88— )
o X -
i B
h—=0 h
smh
m2— =2
h=su

L.H.L. # R.H.L. Therefore, lin} [ (x) does not exist.
x—

Putting 6= 0, we get b, =0
sinnf= ), b,sin"@

r=|\

sinnf & : ..|
= = Y b (sin@)
sin @ E. Ll
=b, +b,sin 8+ b,sin’ @+ ... + b, sin""' 6
Taking limit as 8 — 0, we obtain
. sinn@
lim——— =b = b, =n,
80 sin@
. xtan2x -2xtan x X 2 tan x
. lim = = lim 5~ — 2tanx
x—0 4sin"x r—0 4sin’x | 1 - tan’x



y xtan3I
= lim

x—0 2sinx (l - tan"".t)

[ - X l |
= — lim — 3 =
2x-0sinx cos’x |—tan“x

1 | | |
==x]x - o =
2 | 1-0 2
: -3 : -5x
» limn [ = -l}x him [ ]
. IH-} I =i - I ==
9.c.lim = e ot = o LX) o
x=e | X +2
X 3 : ’)
~SIn (:r COS .r) sSin (Jr — T COS™ x)
10. b. Iim 5 = lim
x— X x—() II
[sin (- 0) = sin 8]
. o g 9
' SIN{JT SIN " X JTSin x
= lhim 3 X 5 =N
=0  mwsin“x X

— -4 -_— 1
1.c L= lim (cosx—1)cosx—e")
x—0 X

fn

(1-cosx)(1+cosx)cosx—e¢")

=0 (1+cosx)x”
) 2 X
[smx) I—cns.r_l_e -
. X X X l
= lim =
x—0 x" |+ cosx

L 1s finite nonzero. Thenn=3 (asforn=1, 2, L =0, and for
n=4, L =eo),

[(a —n) nx -l'an.r] sin nx

12. d. Given lim
=) X

number. Therefore,

plin S H(a —n)n - ‘“"“H=u

=0 nx X

=(), where a is non-zero

ornfla-nn-1]=0

|
ora=—+n
n

13 ¢c. lim [(sin .r)l""' + (l:’.r)si" ‘r]

r—s0

. 1 sin x
= lim (sinx) " + lim (&]
r—0 =0\ x

lem Hn':hlil)
§—all , A
=0+e
lirm ﬂi Fitm oL
1 -+ [) vOMCC ¥ P —4f) - COMEC 008 T * . : .
= ¢ =e [Using L'Hospital's rule]
. sinx
lim lan x
1—+0 X

£

4.c. k-1ll=1-x,x<1
. p = left hand derivativeof lx- llatx=1 = -1

= lim g(x)=-1
=]’

= limg(l+h)=-1
h—()

: h"
= hhm Iy
ﬁ-'ﬂ[ log cos™ hJ

- o

h" el
h—8\ m log cos h

n-1
=  jim—""____|  (Applying L'Hospital's Rule)
h—-0m-(—tanh)

n | hn-l
=) -—-(—]Ilm[ ]=—I
m Jh—0\ tanh

which holds ifn=m = 2.

15. d. lim(1+ xIn(] +b5)]"*=2bsin* 6

lim{1+ xlIn(1+ 6% )1}~ o
em *=2bsin" 0
limIn(1+5%) ,
e =2bsin’ 6
F
Ell‘l“«!-fl j'= Zb smz 6

1 +b%=2bsin’ 0

b+l=2ﬂf6
b

$ 4 U U

Since b > 0,
2sin0=b+—~>2
b

sin“ 82 1
sin“ 6= 1
0=+m2

41

2
16. b. lim (" ””—m-b]=4

|
x+1

= Iim | x+
X—po

-ﬂr-b]=4

= lim ((1-a)x-b)=4

— l-a=0and-b=4
= a=landb=-4
17.b. Let 1 +a=y
= P -DXE+"-Dx+y*-1=0

13_1\ . 12 16
=z ) s ]x‘ S 1 -y I -0
y-1 y -1 y—1
Now, taking lim on both sides, we get

y— |

= 20+3x+1=0



Multiple Correct Answers Type

1. a., c. L=Iim =

= lim

g (a + Ja: - .rl) 4x*

(4—::)—\/02-—.1’1

= lim

-
I_’ﬂ4x2(a+\/a'—x2

|

Numerator = 0 ifa=2 and then L = a

Alternative Method:
2
a-— az-xz-f-
L =lim —
x| X
2
a—{az-xz}%—x—
=hm 3 4
=l X
1
) oxt
a—-—dad |—“‘:— _T
= i a
" P g
o .+1[_£]+,z 2 {_5; .
1 .\ 2\ a° 2! a 4
_112.: _1['4
( I I] 4 1'4
e o g S
= lim~2¢_3/__ 8a
1 X
This limit exists if -I—- l:n ora=2.
2a 4
Also. when a = 2 then
x
Lﬂmmzl
r—+| _r't 64
Integer Answer Type
|- x
—ax+sin(x—1)+ -V,
L (2) lim ax :iln{.:r D+a IJr:_l_
x—1 x+sm(x-1)-1 4
[ sin(x—1) \1+
-y 1
= lim 5.‘:{ - _!
=] mnix +1 4
\ '[.I'—” J
2
= ("_‘-"J _1
2 4

= aslasl
2.2y m=22andn=2

oo
i
lim
a—0 o

™ mtf!—l}ﬂ:"
= Iim x| ~
a0 cos(a)-1 |\ (d) o’
—I"[ [ costd)—-1
x lim .

[rcwdr-t
|

cos(d’)=1); a0l a”
R’ 4
-2sin- —
4 R 3 -
=eX | X lim —=—Xx lim a
=0 o s}

f
n=—m

= |
]xltmtr

=e X lim
a—sl)

ar—+()

1 - n-m
=exlx(——]x hm o

a— )

. Vit —
Now, lim a” ™ must be equal to 1.
x—}

1.e., 2n-m=0
m

or —_—=)
n

Fill in the Blanks Type

L. lim (1 -x) tan 7~ = lim E]—I)

x— 2 x|

Alternative Method:

) X
hm (] —I}tﬂﬂ—:

r—+l
=lim (=) (g—funn)

=lim (Applying L'Hospital’s Rule)

(sinx, x#nmnel

2. X) =4
J5) |, A otherwise

[ 9

x+1, x#0
and &(x)=14, x=0
2 x=2

lim g{f(x)} =g(f(0") = g((sin0*)) = g(0") = (0)* + 1 = |

x—=0°

lim g{/(x)} = g(f(0)) = 2((sin0)) =g(0)=(0)’+ 1 = |

v—al)

Hence, Iirr:]g{_f(x}} =1.



\ i 6 4
.1|r‘".~::in{l +x° xsin(l]+- = E_[EJ =0
3. lim "”3 = lim ] 2 e \l
o (l +x ) R Alternative Method:
i d X _ : .
= - x+d | + —
sin l Iim('r'l-ﬁ l“funnaslim'r-!-ﬁ:lim X~
X ] ==l v+ 1] 1—eo T+ | ,t-m|+l
| +; \ X )
= lim ; — ﬂ:'v-l Ilmr"-+ﬁ-l]u+4]
x——o L—I 0-1 _ it
L | hmf‘:‘unlm)
=El_b-|~ X+
4. In AABC, AB = AC, AD L BC (D is the midpoint of BC). a)
Let r = radius of circumcircle - s
LOA=0B=0C=r _E‘“ |+%
R
Now, BD = \[BO? - OD? = \|r* —(h-r) =e
- 5 2 n 1/ x°
erh " | 4 5y2 1x lim(l+5x‘)
A 6. illTI[ : 2] = = 1 1ix’
=0\ 1+ 3x lim (1 + 3x°)
x—l)
. o
limd(1+5x2)
:IE[I]*( + t) )
3| - L,
B D C %
lim{(1+3x%)
- BC=2\2rh - Bt =
s Areaof A ABC = % x BC X AD=hJ2rh—h1 = =¢’
. In(1+2h)=2In(1+ h)
A h2rh —h? 7. lim v
Also, Im;ll —:_,'=J!m|}l :
SR a(erh -h3+J2fu—) [ _(e20)
: | +2h + K
373 = lim -
f = h—0 h
= lim r h ér ; 1
"0 84¥'2 (2r—h + V2r) N
- 1+ 2h+ h° 5 -1
= |lim In = -
J2r —h h—0 ~i | 4 2h +h°
= |im o
3 2
""“E[JZr_—E+JE] | +2h+ h
-] .. log(l+x)
= 1 X lim - Using lim =1
_ J2r B Var 1=0 | + 2h +h [ 8 T %
T 8(V3r + V7)) Bx8x2rx2r 128 =-1
8( 2r + 2‘w) Alternative Method:
o In(1+2h)=21In(1 + h)
( \¥+4 lim 5
6 +4 |+E | h—0 h
£ Iim (I+l] = lim ir 2 2
i T - = [im Lo I (Applying L'Hospital's Rule)
\ X J O
; " _pio 1+h=1-2h
[]+~“l:’~‘ﬁ FfH.EW1 F 1\ 7 " =0 h(l1+ h)(1+ 2h)
=lim '“I *;' Using lim [14—‘) =¢* i -1
e ] desl Y # : a0 (1+ h)(1 + 2h)
x) \ X o



True/False Type

1. False. Consider fix) = 1. *a|‘ g(x)= “~% Then, lim(f(x)
X—a | x—al| T—3a

x g(x)) exists, but lim f(x) and lim g(x) do not exist.

.I-'—H_] X—g
Therefore, statement 1s false.

Subjective Type
L. 1im Ja+2x - 3x ( -

v—a [3g +x-2x

llm(m-ﬁ)( a+2x +3x) (Ba + x + 2Jx)
r—rﬂ(\/E—Z\/_)( 3a+r+2~f;] (Ja+2.r+~f3;)

(funn E)
0

= W=
M

TT

e (a+2x-3x) (~.J3a+x+2~f'_)
= (3a +x-4%) (Ja+ 2z +37)

lim ﬂlﬂ'+'l.'+2\/_
x=a 3(,/a+2x +J—)

Ja+a+2Ja 1| afa 2
3(..#: +2a +J3_a) 3 2J3¢ 33
Alternative Method:

i Ja+ 2x—/3x [E}_ furm]
X—a 1’3{1 + X —?.\G
V3
:ia+2.r ZJ;
| |

2../3a +x Vx

Ja_azJ_

J_T
1 V3 1
N3 2 232
1,  _3 3~f§
4 4

I

= lim

X—d

(Applying L'Hospital's Rule)

2sinx—sin2x

2. f0)= [

X

de, x#()

2sinx —sin2x
& X)) = : x20
X

2sinx—sin2x

hmf (x)=lim 3

1=l X

2sinx(l =cosx)(1+cosx)

= lim 3
x—0 x (1 +cosx)

3.

¥

. 3
=hmax M X1 P ==
x—0 X | +cosx 2
Alternative Method:

. 2sin x —sin 2x ([} )
lim - form
x—0 X 0

-2

= fiip 2SO EC0BEX v T Hospitl"s Rile)

x—3{) 3_;["' _

. =25l 4 sin 2. ; : _

= hngl = 'r; —= (Applying L'Hospital’s Rule)
X— X

-2 8cos2 . .
= iina s x; St (Applying L'Hospital’s Rule)

(a+ h)*sin(a+ h)-a’sina

lim
h—0 h
. a’[sin(a+ h) - sina] + 2ahsin(a + h) + h* sin(a + h)
™ ka0 h
1[ ( hJ | h]
a“| 2cos a+§ 51n§
= im—= p =+ lim 2a sin(a + h)
h—0 25 2 h— ]
2
+ limhsin(a + h)
h—0
= a*cos a + 2asin a
Alternative Method:

lim (a+h) sinfla+ h)—a“sina (E fnrm}
h—0) h 0
s 20a+ h)sin(a+ h)+(a+ h)* cos(a + h)

. h—0 i
(Applying L'Hospital's Rule)
=2asina+a’cosa
fi 2" =1 . 2" =1 s Vi+x+1
=0 J1+x-1 =0Jl+x=1 Jl+x+1
= 2" -1+ x+1)
- x—s0 l+x-1
25 =1
= lim Iim(Vi+x+1)
=0 x x=0
=In2{1+1)=2In2
1/ x |/ x
, T + ]+ tanx
hm tan[-—+.r] = lim { }
v—0 4 =0 || —-tanx =

s ¥

hml:(l+tan )I m”] |

x—5()

hm[(l—tan x) I"““] |

x4}

I
|
~



Alternative Method: { enix }

, |
lim —
I/x =0 | |+anx | x
T - =€
limqtan| — + x (1" form) . s 8
x—=0 4 lim .
T | +tan
=€
: X |
lim{tan| —+x =1 p— -
= '™ 4 X =e



