Limits ALLEN°

Limits
SOLUTIONS
EXERCISE - O
1. Ans. (D)
i 2x—\/x +3a’ \f
x—>a /X_'_a \/5
x=a+h
= lim2 2(a+h)-y(a+h)’ +3a’ o 2a+2h—\/4a +h?+2ah G
h—0 \/a—i-h-f-a \/ﬁ h~>0 \/F \/%
2
2a+2h-2a f1+L2+£ 2a+2h-2a- Za(zj[ra +2ha}
= lim 28 _ 2= lim — _z
\/% 1_{_7_\/5 2a(1+-)—\/§a
2a 2 2a
h* _h (3_h) 3
= lim 4a 2—\/53111‘[12 4a -7 = 2 —\/E
R meoh 1
4:la 2\2+/a 2242
3(242)Va
2 3
1
=a=—
9
2. Ans. (A)

n—oo

lim(\/an +n—/2n? —n):

1
1 (o)
Multiply in N™ and D™ by /2n® +n +A+/2n> —n

(\/an +n—/2n? —n)(\/an N +22n? —n) 1

li S
~ (\/2n2+n+k\/2n2—n) 2
jllm(2n2+n)—kz(2nz— )_i

o \/Zn +n+7n/2n -n 2
2 zxz n* + 1+x2 1
= hm

(i)

2 2%2 n + 1+7\,2 1
= llm

gy

www.allen.in [105]




ALLEN

JEE (Main + Advanced) : Mathematics

2 1+A° 1
2—-2)1"=0 m:ﬁ
= 2A2=2 1+ =1+
=>A=1 AZ=)
=>A=%1 A2-A=0
AMA-1)=0
A=0,A=1
Common value of A =1
Ans. (B)
an:ZnIZk bnzzn:(2k—1)

k=1 k=1
I 23k 1

k=1 k=1 k=1
q c@M)(n+1) o (@)()(n+1)
" 2 " 2
a,=(n)(n+1) b, =n?

= lim(\/a—\/a)

nN—0

= lim({m@+1) -V’

(n)

(VI @+ D -V )<y + 1 + V)

= lim

T e )

_ n*+n-n*
= lim

n

= lim

Ans. (C)

= lim >
x—-1 X _| Xl

CcoS2—Ccos2X

(242X . (2-2X
—2sin sin
[ 2 j ( 2 j

= lim >
x> Ix]" =1x]

= lim —2sin(x+1)sin(1-x)
o |x](Ix]-1)

X=-=1+h

~ lim ~2sin(-1+h+1)sin(1+1-h)
h—0 |-1+h|(]-1+h|-1)

—2sinh sin(Z -

h)

= W —1+h[(1-h-1)

= 2sin2

ot Fin et

[106]
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5. Ans. (A)

lim |cos(sin(3x))| -1

2

x—0 X
Modulus will open with positive sign because cos is positive at neighbourhood of x = 0

cos(sin3x)—-1

lim >

X—0 X

2sin? sin3X
lim 2 )( sin3xj2
0 XZ{Sin3XJZ \ 2

2

2sin? sin3Xx sin3x )’ sin3x Y’
2 2 ) _ .y 2 3x )’
im . > > = —Xlir(}z-—z. —
9| (sin3x X axy L2
2 2

( 1-cos0=2sin? gj

2sin® (3x i
—lim—(2)-9 ( lim 123X _ 1)
x—0 4(3)() x—>0  3x
—2x9 9
:> —_——
4 2
6. Ans. (C)

a:min{x2 +2X43, XGR}

a=2
:""'2
-1
b 1 c;)se
00 0
b=l
2
oo (1Y
= 2) | =
e )
. r r-n 1 . r
=22 (@) "= 522y
r=0 r=0
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7.

Ans. (B)
1
lim(cos X+ asin bX);
x—>0

o1 .
e}l{l_r}r(l);(cos x+asinbx—1)

Ans. (A)

(1)00 form

X—0

n

lim nx

X—>0

[11/X+21/X+...n1“ 1]
n

lim nx
X—0
= e

[11/" +21/% +...n1/x—n]
n

lim(lm +2Mx 43y

X—>00]

1/x
=€

Replace x by %

=€

t

1'- 2'-1 n
lim +lim et lim
— et—>0 t t->0 t t—>0 t

N1+/N2+..+0nn

=€
e/‘n(n!)

=n!
Ans. (C)

) [(1)1’X71+21/X71+3l/*71+.......n1/&1
lim

. (1012 1)t (1)
{11

|

(1)00 form

[108]
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10.

Ans. (B)
tan x
X

{tanx} tanx_1 forx — 0
X

o5

([ (x) 7

>1 forx - 0

X3 2x°
. St
= lime3 15
x—0
1
1 2x2
. St
= lime3 15

x—0

1
1+0 3

=e’ =e
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11. Ans. (D)
__x(1+acosx)—bsinx
lmg =1

X—> X

b—3a=6
Add (1) & (2);
= 1+a—-3a=6

12. Ans. (A,B,C)
X, xel

sin
f(x):{ 0, other wise
(¥ +1), x=0,2
g(x)=14 X=0
5 X=2

(B) lim f(g(x))

() lim f

(D) limg(f(17))=g(0)=4

(1)
-(2)

= a:—E and 1+a-b=0 = 1—E:b = b:—§
2 2 2

[110]
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13. Ans. (B,C)
LHL

3151 cos™! (cos(h))

limﬂzl , LHL # RHL
x—0"
A does not exist

B=limM=£=O
x—0" X 0"

—X
lim u =lim 9 =0

x—0" X x—0" (0~

B will exist and equal to zero
14. Ans. (A,B)

) ex—l —X

lim .

x—1 (X _ 1)

Putx - 1+h

e1+h71 _ 1+ h
lim & (1)
"0 (1+h-1)

_e"-1-h
lim——————

=y
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15. Ans. (B,C)

(A) lim[x]-[2x-1] [[x]]=[x]
lirg[x]—[Zx]+1 [x+1]=[x]+1
3—6+1=-2

lim [x]-[2x]+1

X—3"

2—-5+1=-2
(B) lxiirll[x]—x

lim [x]-x=> lim (1-x)=0

x—>1* x—>1*
fim[x)=x= fim (0-x)=—1

Limit does not exist

() lim (x—[x])2 —(—x—[—x])2

x—0"

lim (x—0)" —(—x+1)" =-1

x—0"

lim (x+1)" —(-x-0)" =1

X—0"

Limit does not exist

(D) RHL = lim 2 (382()
x—0" sgn(x)
tan(l)

= tan(1)
LHL = 1imM=tan(1)
X—0" (—1)
LHL = RHL
16. Ans. (B)

f (X)ﬂi_{g(cm%]n
= 1(0=tim{cos 2| N
= f(x) ze[n‘zgn(cos%_ln

1
Replace n—»—
n

f(x)= 1

o]
(vx)

2

:>e[
X

- f -1 1
— o 2 m cosf)-1_ 1

- f&]ﬂo (f(X))Z 2
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17. Ans. (A)

0(0)="

: X +Xx+1-x" -1
b=lim
(X +x+1+4X +1

b=lim

x(\/1+1+12 +\/1+12J
X X X

x(\/1+1+12+\/1+12]
X X X

N | =

18. Ans. (A)

No. of solutions = 2
19. Ans. (-1.00)

sin x+ae* +be™ +c/n(1+x)
3

lim
x—0" X

x—X—3 +a 1+X+X—2 X—3 bl 1- 1+X—2—X—3 +C x—X—ZJrX—3
. 3 L2 B~ i 2 3 2 3
lim
x—0" X

(a+b)+x(1+a—b+c)+x2(a+b—cj+x3(—1+a—b+
2 2 2 6 6 6

i

><1—>r(I)-1 )(3

a+b=0, 1+a-b+c=0, E+9—E=0
2 2 2
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20.  Ans.(-0.33)

= —0.33
21. Ans. (0)

. _a+b—c _
J}Lrgl+x.f(x) =——= 0

22. Ans. (B)

() lim tan[e’]x* —tan[-€*]x*

x—>0 sin’ (x)

sin(A+ B)
cos AcosB

** tanA+tanB =

tam(7x2 ) + tan(8x2)

lim —
x=0 sin” X

- sin(7x2 +8X2)

X0 cos(7x2 )Cos(8X2 )-Sin2 (x)

sin(lSXZ) ) sin(lSXZ)
x>0 sin® () 2 =i 15x%°

X2

15

=15
(Q) min(t* +4t+6)

sin X
X

min((t+2)° +2)=2, 222 <1

hm{Zsmx}:l
X—0 X

(1+x2)§—(1—2x)%

R) lim
(R) ~ Jimp X+ X
2 2
(1+3(x ))— 1+ (=2x)+ 2 (4x*)
lim
x—0 X+ X
X 1 12x
im3_2 32 _1
=0 1+X 2
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S) lim 2—(1+cosXx)

"0 sin’ X(«/EJM/W)

. 1—cosx
lim—m—
—0

x (sin2 X)(Z\/E)

2sin® (X)
2 1

lim =

" 4sin? (;jcosz (;‘j(zﬁ ) w2
2

8
23. Ans.(P->1,3;Q—>1,3;R>2;S> 2)

(P) limg(t)+limg(t)
(-2)+(2)=0

limg(t)=0

t—2*

1,3 will match
(Q limg(t)+9(2)

(-1)+(1)=0
1,3 will match
(R) limg(t)=-2

t—0*

limg(t)=-1

t—0"

2 will match
(S) limg(t)=0

t—2"

limg(t)=2

t—>2"
2 will match
24. Ans.(P—>3;Q—>4;,R—>1;S—> 2)

(P) 1lim2n.sin  leos| =
2 4n 4n

—limn

2 n—o L 2n
2n

1llm(n) I :>E

2n—o® 2n 4

3 will match
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m f—
x—0 LX 180
180

4 will match

(R) 1im(i— “’SX)

x>0 sinX sinX

. 1—cosX
lim -
x>0\ sin X

L, X
2sin* =
lim

Xx—0

ZSinicosi
2 2

lim tan5 =0
2

x—0

T
S X—>——h
(S) 5

1+ cosZ(7t - h]
. 2
lim 2
h—0 T
2

. 1—cos2h .. 2sin*h
lim————=Iim

h—>0 4h2 h—0 4.h2
2 will match

25. Ans. (P> 2; Q—1; R52;S—>3)

X
P) lim
(P) x>0 2% +1

X

1
2

2 will match

. Zsin(ex'z—l)
@ i log(x—-1)

_ listin(eX'z —1) (ex-2 —1)

X2 (ex—z_l) ><log(X—l)

_2(er?-1)
= lim———+~
x-2 log(x—1)

( lim
f(x)>0

sin f(x) _

f(x)

:

[116]
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= limM ( lim (em)_l):l]

f(x)—>0 f(x)

o 2(x=2) o i 081 F00)
L 050 f(x)

(R) lim

Kn(1+x—1j
. e
= lim—~£
X—e e(x_lj
e

x(5x —1)
(S) lim—1 )
x>0 (1—Cos X)4€n5

(5* —1) W2
= lim
x>0 X (1—cos X)4fn5

fo _
= limM o lim a 1=€na
x>0 4.0n5 f(x)-0

- 1 - lim 1-cos fgx):l
2 f(x)=0 (f(X)) 2

xe=1
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EXERCISE - S
1. Ans. (100)
_ (x+1)w +(x+2)10 +...+(x+100)10
!(Ln;l.o XlO +1010

10 10
x1°(1+1J +x1°[1+2] +ot XY (1+100j
= lim X X X

X—>00 10
x10
10 10
x1°|:(1+1j +(1+2j +....+(1 100) }
X X X

lim o0
X' [1 + }

X10

_Lrir.td {'.'l—>0,z—>0,...,@—>0}
1+0 X X X
=100
2. Ans. (4)
1
k+1C2
1

1-

_41 52 63 ><(n+2)(n—1)

23 34 45 " n(n+1)
1(n+2)

=P ==
(1 2]
1 n

"3 n
=limP, =lim— \onj1l.a
1 3 b

n—oo n—w 3

=>a+b=1+3=4

[118]
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3. Ans. (0)
. ([—Ssinx} {6sinxD
lim +
X—0 X X
sinXx =1 asx —» 0
X
—551nx=_5, AS % — 0
X
And 6smx=6, asx -0
X
lim| -5 ] +[6]
=-5+5
=0
4. Ans. (7)
in{X
lim f (X)z limzsm—{}
X—>5" -5 X +ax+b
sin{S*} 0

25+5a+b 25+5a+b
But given it is non-zero
=25+5a+b=0

So that we get % form

lim £ (x) = i G
x—>3* 9+3a+b 9+3a+b
It is not zero
=9+4+3a+b=0
Solving (i) & (ii) we get
a=-8b=15
=a+b=7
Ans. (5)

1
lim(4"+5")"

n—w

()

...(ii)

www.allen.in
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6. Ans. (2)
. XP=XINX+(nx—1
lim
x—>1 X—1

. XP=1=x/n+(nx
= lim

x—1 X—1
_ lim(x—1)(x+1)—fnx(x—1)
x—1 (X—l)
_ lim(x—l)[x+1—€nx]
x—1 (X—l)
= lxigrll(x+1—€nx)
=14+1—-+#nl
—2
7. Ans. (1)
)lci_r%fn(l + sin? x). cot(#n?(1 + x))
. fn(1+sin2 X)XSiI’lZXX m*(1+x)

x>0 sin® X

tan(fn2 (1+x))x(n*(1+Xx)

{--sin?x - 0and #n(1+ x) - 0 as x - 0}

= lim sin® X
x>0 n?(1+X)

2
_ .. sin*x X
lim S—X
x>0 X n (1 + x)

=lx1=1 {‘.‘im

8. Ans. (167)

_ a(2x3—x2)+b(x3+5x2—1)—0(3x3+x2)
lim =1
X0 a(5x4 —x)—bx4 +C(4x4 +1)+2x2 +5x

__x’(2a+b-3c)+x*(—a+5b-c)-b
= lim Z >

= x* (5a—b+4c)+2x* +x(—a+5)+cC
Coefficient of x* should be 0
Coefficient of x3 should be 0

sinx

1 and limM = 1}
X Xx—0 X

= coefficient of x? in numerator and denominator is equal.

5a—b+4c=0

2a+b—3c=0 ...(ii)

—a+5b—c=2

Sa—5b+c+2=0 ...(iii)

Add (i) + (ii)
7a+c=0=c=—(7a)
5(ii) + (iii) = 11a — 14c + 2 =0

[120]
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= 1la—14(-7a) +2 =0

= 109a = -2
= a=—-
109
14
= Cc=—r
109
= b=5(_—2)+4x£
109 109
_46
109
- 46 14
= a+b+c= + +
109 109 109
58 _p
109 q
=p+q=58+109 = 167
9. Ans. (4)
y 2 -1 y 2*¥ -1 x
im = lim .
x>0 (1+x)/2 -1 x50 x [A+x) -1
2 -1 X
= lim . .(V1+x+1)
x>0 x (14+x)—1
= 2In2 = In4
10. Ans. (1)
L=limx2( x+2_ X+3
X—0 X X

=lim x*

X—00

3 X 1x2 X

(
i {UHU Jada ey,
[

www.allen.in
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EXERCISE - JEE (Main) PYQ

1. Ans. (2)

w2} 12]
222 )

0<x {£}< X
X
lim X(1+2+3+ ...... +15j _ 1516 _ 120
x—0" X 2
2. Ans. (1)
\,1+,/1+ RN )
lim 4y \/_
y—0 y
T+41+y* =2
= lim oty

(e )
(\/1+ v -1)(J1+ v +1)
Ty (Jr ey e 2 ()

. 1+y*-1
= lim

e y‘*(«/1+\/1+ y* +\/§j(~/1+ y* +1)

. 1 1
=lim =

(e eyt e ey ) B2

3. Ans. (1)

- X([x]+[x)sin[x]
Xx—0" |X|
X—0"

[X]=-1 = lim x(—x—1)sin(-1)

Xx—0" —X

=-sinl

|x|=—x
4. Ans. (4)
(1-| x|+sin|1—x|)sin(;[1—x]j

lim
x>1' |1-=x[[1-x]

_ iy (LX) +sin(x-1) sin(ﬁ(—u)
o (x=1)(-1) 2

tim[ 130Dy Sy =
—Xlljlq(l 1) j( D=A-DE-D=0

[122]

www.allen.in



Limits ALLEN°

5. Ans. (4)

tan(rnsin® x)+ (|X| —Sin(X[X]))z

RH.L. = lim

x—0" X
(asx > 0" =[x]=0)
. tan(msin® X)+ x*
m

= li
x—0" X2

s 2
=lim —tan(rcsm X) +1=n+1

x>0"  (msin?x)

. 2 R 2
LHL = lim tan(wsin x)t( X+sinx)

x—0" X

(asx—> 0" =[x]=-1)

. tan(zmsin®x) msin®x ( sinx)2
lim — . +| -1+

=0+ sin® X X

R.H.L. # L.H.L.
6. Ans. (3)

. cot® x—tanx
lim

Xx—omn/4 T
COS| X+—
4

(1-tan*x)
x-n/4 cos(X+m [ 4)
. 1—tan® x
2 lim Q
X—7/4 COS[X + 1'[/4-)
. cos’x—sin’x 1
2 lim - 2
/4 cosX—sinX cos’ x

N

4\/5 lin/14(cos X+sinx)=8

7. Ans. (3)
. Jn—2sin'x  Jr++/2sin" x
lim X
xor 1-x Jr++/2sin " x

2 (n —sin™ Xj
lim 2
x> 1—x-(\/E+\/25in‘1 x)

2cos'x 1

1 —_— e ——
X—1" 1-Xx 2\/;

Putx = cosf
20 1 E
b

lim =

00" '\/ESln(gj 2\/E
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8.

10.

11.

12.

13.

Ans. (2)

[sm Xj 2+ 1+cosx)

iosxj
W), g

1

lim

x—0

Ans. (4)

x4 _ 3
. x® —k
llm —11 >
x>1 X—1 x—k X —k

2 2 2
:>1irr11(x+1)(x2+1)=M

X—> 2k
=k =28/3
Ans. (1)
lim X =2+ _¢
x—>1 X—1
l1—-a+b=0 (1)
2—a=>5 ..(ii)
=>a+b=-7.
Ans. (36)

3F+37*-12 . 3 -123"+27

lim——————=1lim
x-»2 3TXZ _glx X2 32 _3

m(3*—9)(3*—3)
x>2 (32 -3)
(3**+3)(3"*-3)(3* -3)

= lim

X2 (3X/2 -3)
=36
Ans. (4)
Jim 3*2*2-1% lim ’42"2 L
eXﬁ0[7x +2 ]X — eXﬁ0[7x +2]x
-4
= egr(ll[7x2+2]
_e_z
Ans. (40)
2 2
1 X+ X+ +X n:820
x—1 X—1
2 n
:lim(x L x-1,.x 1j=820
1\ Xx—-1 x-1 x—1

=1+ 2+.....4n = 820
—nn + 1) = 2 x 820
—n(m + 1) = 40 x 41

Sincen € N, so

[124]
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14. Ans. (4)

1/x
lim {tan (E + Xj}
x—0 4
_ elﬂ%{mn(gﬁ-x]—l}

(M]

lim
x—0

=€

X(1-tanx)

im 2tanx
_ eHo X(1-tanx)

:e2

15. Ans. (1)
limtan Ztan’1 _
noa p—y 1+r(r+1)
=limtan Z:tam’1 _rl-r
n—o — 1+r(r+1)
=tan [hmZ[tan'l (r+1)—tan™ (r)]]
n—ao —1
=tan (lim(tan1 (n+1)- %n
=tan (Ej =1
4

16. Ans. (4)
. cos'x sin'x =«
lim =X =—
x—0" (1—X ) X 2
17. Ans. (2)
lim(\/xz—x+1)—ax=b (00—00)
X—>00
=a>0
2 22
Now, lim(x x+1-ax ):b

X2 —x+1+ax

 (1-a?)x*—x+1
= lim =b

e Ix? —x+1+ax

= lim (1-a%)x*—x+1 b

X—0 ( 1 1 J
X ,fl——+—2+a
X X

=1-a2=0=>a=1

Now, lim X+l =b

X—00 1 1
x[‘/1—+2+aj
X X

1+a 2

_(1.L
woefid
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18.

19.

20.

Ans. (3)
sin® (ncos4 X)
lim———~

x—0 X4

1-cos (2n cos* X)

lim Z
x—0 2X
1- cos(ch—chos4 X) sin* X 2
lxirr(} [ ( )T 2, e (1+cos2 X)
77| 2n(1-cos* x
Z%_Mzé(z)z ~4n’
Ans. (1)

Zx [sin® x—3sin X +2
limtanzX[\/Zsinzx+3sinx+4—\/sin2X+6sinx+2}: Jim 20 [sin” x—=3sin x+2]
xag ><—>g \/64‘\/6

2 . .
lim tan” x(sin x—1)(sin x—2)
x—)% 6

= Yimtan X(1-sinx)
x>
L, sin®x (1-sinx) 1

—lim e
6 xoZ (1-sinx)(1+sinx) 12

Ans. (3)
cos(sin X)—cos X
lim ( 4) ;9
X—0 X 0
. [ X+sinx) . [ X—sinX
2.sin .sin
: ( 2 j [ 2 j
lim 7
x—0 X
. [ X+sinX . [ X=sinX X+ sin X
sin sin
. (2) [ZJ(ZJX—sinX
lim2 >

x>0 X+ sin X X—sin X x*
2 2

[ x*=sin®x) (0
lim| =———= |:| =
x—0 2X 0

Apply L-Hopital Rule :
2X—2sin Xcos X

lim 3

x>0 2.4X

lingw;9 : Again apply L-Hopital rule
X—> X

0
2—2cos(2x)
im—
x—0 8(3) X2
2(1-cos(2x)) 2 1 1

lim———~ 4 & 4=
x>0 24(4x2) 24 2 6
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21. Ans. (4)
sin(cos™ X)—x
x_,% 1—tan(cos™ X)

sin(sin'1 \J1-x? )— X
lim

x>t _y?
ﬁl—tan[tan{ 1-x D
X

lim —1_X2 —X
xa\}il_[.\ll_xz J

X

lim (-X) = 1
ot 2

22. Ans. (2)

) (\/3x+1+\/3x 1) +(\/3x+1 1)6 i
m

o (x+\/x2—1) +(x 1)6

lim x® x

X
X—0 1 6 1 6
xs{(1+ —zj +(1— 1—2j}
X X

(2\/5)6 +0
240
23. Ans. (3)
0+3+6+9+

im0 +3+6+9+....
e Jon* 4 4n+3 —n* +5n+4

. 3n(n-1)
lim
”*‘“2(\/2n4 +4n+3 —n* +5n+4)

_ m=5(\/5+1)

24, Ans. (1)
([x 5]-[2x+2])=0

=3"=(27)

n terms

llm( —5-[2x]-2)=0

X—a

llm( 2X])
[a] - [2a] =7

aecl, a=-7
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25.

26.

agl, a=I+f
Now, [a] - [2a] =7
-1 -[2f1=7

Case-I: f e (O,lj
2

2f € (0,1)
=7
[=-7 =ae(-7,-6.5)

Case-1I: f e (Ll}
2

2f €(1,2)

-1-1=7

I=-8 =>ae(-75,-7)
Hence,a € (- 7.5, - 6.5)
Ans. (2)

. 2 2 2
hm(lcosec 1 + 2cosec 1 Fo, + ncosec t)
t—0

cosec’t cosec’t
=nmn[(zj YEi - ]
t—0 n n

=n
Ans. (3)

sin’t

—CX

CXe

e™ —cos(bx)—
lim 2 __17
0 (1-cos2x)

4x*
On expansion,

24,2 242
[1+ax+al X j—[l—b X j—cx(l—cx)
2 2 2

X 4X

lim > =17
X—0 2X
c ,(a*> b* c?
a—— | X+ X | —+—+—
i 2 2 2 2
lim > =17
x—0 2X

L. . C
For limit to be exista - E =0

C
a=—

2

2 2 2
andm:17
4

at+b2+4a2=17 x4
5a2z+ b?=68

[128]
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EXERCISE - JEE (Advanced) PYQ

1. Ans. (A,C)

1
2\2 2 2 4 2
NP (B SO T ES  . ¢
) a 4 ] 2a° 8a 4
lim 2 = lim T
x—0 X x—0 X
a = 2, (coefficient of x2 = 0)
S L=t
64
2. Ans. (D)

x(n(1+b%)

1
lim[ 1+ x¢n(1+b) ]! —e X —14p?
Hence 1 + b2 = 2bsin20
:>sin26):l b+1 >1
2 b

csin20=1= sinf=+1 =0=1 g
3. Ans. (B)
[ X x+1
lim| —————ax-b [=4
el X+1
. ((1-a)x*+x(1-a-b)+1-b
= lim =
X0 X+1
((1—a).x+1—a—b+(1_bD
= lim 1 X =4
X—>0 1+7
X

for limit to exist finitely
l-a=0andl-a-b=4
=a=1andb =-4.

4. Ans. (B)

BRRCERRERE

2
a X—+§+l =0=>2x2+3x+1=0
3 2 6

1 1
= X=——,-1= lima(a) and lim B(a) are —— and -1
2 a—>0" a—>0" 2

5. Ans. (0)
(1)
lim sin(x—1)+a(1-x) 1-x _ 1
x>1 | (X—=1)+sin(x—1) 4
sin(x—l)_a 1
X— 1+sm(x—) 4
(x-1)
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1-a) 1
> | — | ==
2 4

=(@-132=1=a=2o0r0

but for a = 2 base of above limit approaches —% and exponent approaches to 2 and since base

cannot be negative hence limit does not exist.
6. Ans. (2)
e(ecosa -1 _ 1) (COS(Xn _1)

LIE‘} (cosa"—l) (oc”)z ’

2n-m

_— LZ2n=m= m:2
2 n
7. Ans. (7)

. Xsinx
If o #1, then llm—_B:
x>0 oX —sin X

X
Bx’ sin3x
wo=1=lim px____B

x—>0 X3(X—sinxj_1/6

X3

=6f=1= B:%

6(a+p)=7
8. Ans. (A,Q)

(1—x)cosL , Xx<1
JOF o
—(1+x)cos—— , x>1
1-x
lim f(x)=d.ne, lim f(x)=0
x—1* x—1"

9. Ans. (D)

& [ DO 1)
[00=2, tan (1+(x+j)(x+j—1)]

f ()= i[tan’l(x +j)—tan'(x+ j—1)]

fn(x) =tan-1(x + n) - tan-1x

- tan(fn(x)) = tan[tan-1(x + n) - tan-1x]
(X+n)—x

1+x(x+n)

tan(fn(x)) =

[130] www.allen.in
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tan(fn(x)) = Toxomx

. sec?(fn(x)) =1+ tan?(fu(x))
sec?(fn(x)) = 1+(+)
1+Xx"+nx

2
limsecz(fn(x))zlim1+(+) -1
X X0 1+X°+nx

10. Ans. (B,D)
P-1:
h>0 f(hz/ﬁc (0) = exist and finite
y |h|2/3
2 3
(B) f(x)=x llm \/_ hﬁ()\/»
_|p|-0
(D) f(X):|X|,lhILIOIW:>lh1£I(} Ih|=0
P-2:
H%M = exist and finite
h2
hhj—o | RAL={imiZ=1
(A) f() = xlx], lim— == N
LHL=lim—-=-1
h—0 h
(C) f(x) = sinx 1himSlrlh 0 _DbNE
11. Ans. (1.00)
n(1-x)
L1
lim " &
x—0" X
[ (‘n(l—x)j
1e /1
= lim— ————
x-0" @ X
1_lrﬂn(l—x)
=llim aX
g x-0' X
——li n(1-x)+x
e x-0' X(a+1)
i
—x—?—? ........ +X
=1hm a+1
€ x-0" X
Thus, a =1
www.allen.in

[131]



ALLEN

JEE (Main + Advanced) : Mathematics

12.

13.

14.

Ans. (8)

4x/§-25in2XcosX

lim
5X

X—>—

lim

j \/_(1+c052x)

2 ZSanXSmg—X+ COS— —COS—
2 2

16+/2 sin X cos? x

>3 231n2x(sm32—smj 2\/_cos X

16\/§sin Xcos® X

lim

>3 4smxeosx(2cosx sm) 2\/_cos X

. 16+/2 sin x
llrrg <
*>7 8sin X-sinE—Z\/E
Ans. (0.50)

=8

lim gn(ef_er)

.. Using L’opital rule,

=2lim

20n(Vx ) ( formj

(&la)es

xaa*( 1 JJ— 1
eﬁ_ o 2\/_
25
eV.—-0
ev® x—a”
10
(2& j

so, lim f (g(x))z lim f (2)
1
—f(2)=sint==
(2) sm6 5
=0.50
Ans. (5)

ex3_(1_xs)l/3 ((1—X2)l/2—1)sinx
)

B=lim — +
x>0 Xsin® X _,
X
X

use expansion

(1+x3)—{1—x3j
B=lim 3

X3

[132]
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JEE (Main) Practice Paper
SECTION-A

2. Ans. (1)
lim (\/x2 —2x—1 X2 —7x+3)

X—>—00

(x2—2x—1)—(x2—7x+3)
lim
x> [x2 _2x—1 X2 =7x+3
lim 2X—4
o= [x2 _2x—1 +4X2 —7x+3

(0-0)

www.allen.in
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foo = [inx] [2sinax], [ 10sini0x]

X X

3
10(10)(_1000x J

x—0 X X X

[0+3+8+15+.cicrrenene +99]
s=>(r-1)
(10)(11)(21)_10

6
s=35x11-10
s=385-10
s =375

5. Ans. (4)

o 12

S=

x| =

x—0 2

X

Power of the expression is tending towards oo so base must tend toward 1 to get limit finite.
f(x)+x?

X2

For that f(x) = ax3 — x?

3 2 2
. ax’ —X"+X
- hm(H—J e

So, must be tending towards zero.

X | =

x—0 2

X

[134] www.allen.in
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[u

= lim(1+ax)x =¢’

x—0

1
(1+ax—1)x 2

= lime =e

x—0
1
axx—

= lime *=¢°

Xx—0

= lime* =’ = a=2
x—0

= f(x) = 2x3 —x?

= f(2) =2(2)* - (2)?
=16 — 4

=12
6. Ans. (4)

n
lim

n—w n
(1)
n
= L=Ilim € -
[1+3)
n
= (nL=lim/n -
23]
n
R 1
=lim|n—-n“/n| 1+—
n—>oo_ n
o1 1 1
=lim n-n"| ———+—..
noo| n 2n° 3n

| 1 1
=lim|n—-| n——+—...
n—w ( 2 3n j:|

2

2

101
= lim| —+—.....
n4)oo_2 3n :|
= (nL==
1
= L=e?=+/e
7 Ans. (2)
(DB X J
xl—l%—[ {a} (a>0)
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8. Ans. (3)
X X X X X
hm COS —CO0S —COS — COS — ... COS —
2 22 2 2 2
= lim S (o lim 2 =)
7 sin X "2
2n
_ sinX
X
9. Ans. (3)

sinf <@ <tanbd, 0 e (0, gj

sin© tan©
<1<

0 0

nsin©® ntano
<n<
0 0

lirn [[nsine} J{ntane}] meN

00 0 0
) ([nsine} [ntanG}J

L.H.L. = lim + =n-1+n=2n-1
0->0 e 9

RHL = lim [[”Sme} {”tanen —n-1+n=2n-1
00" 0 0

~ LHL=RHL=2n-1
10. Ans. (1)

RH.L. = hm[(l— )S‘;‘X}

x—0"

sin X

when x € (0, h) and h —» 0then (1-¢e*) € (-1,0) and <1

So ~1<(1-e*) 3MX_ hm[(l e)smx} 1
X

LHL. = hm[(l e )S‘“X} = lim{( 1)5””(}
X X—=0"

Xx—=0"

sin X

when x € (-h,0)and h — 0, then e* -1 € (-1, 0) and <1

sin X
<0

So -1<(e* -1)

S0 hm{(e -1)5“”‘} -1

X—0

LHL =RHL=-1
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11. Ans. (2)

cos | X X + cos X
lim <°S (sin x)-cosx _ I 317
xlir(} 4 - xl—r>n 4
X 0 X
3 2 X3 4
X=—+.. X=—+..
. 6 6 XZ X4
2! + 4! T anseas - _; Z_
J 1 2 1) x
Xl =0 S+ — |-—+ e
- i 2 6 24) 24 1 1 1 1
= l1m 2 = 44— ==
x>0 X 6 24 24 6
12. Ans. (2)
ot
lim————
t>1 1 —-t+/(nt
_1-t'(1+/nt)
= ltmll— (LH. rule)
-1+=
t
Tt (14 ent)’
= ltlrrll (LH. rule)
ot
il
-1
13. Ans. (3)
lim tan?x (\/Zsinzx+3sinx+4—\/sinzx+ 6sinx+2)
X oo
- lim tanx 2sin’® X+ 3sin X+ 4 —(sin* X +6sin X +2)
x> 2 \/2 sin2x+35inx+4+\/sin2x+ 6sin X+2
- lim tan?x (sin® x-3sinx+2) .
- V24344 +/1+6+2
2 .
= lim 1)sinx 3251nx+2 (9 formj (9 ij (use L'Hospital rule)
X _,g 6 cos” X 0 0

im
6 & >z 2cos X(-sinx) 6 X" -2sinx

6

1 ., 2sinxcosx-3cosx _ 1, 2 sin x-3 _ (1)(1) 1

14. Ans. (3)
a, B are the roots of the equation ax’+ bx +c =0

- ax’+bx+c=a(x-a) (x-B)

- a(x-a) (x-
L fim ax? +bx-+c fim 30C2) (x=)

Kim(1+ax2+bx+c)a = e, =gt W - gdleh)

X—>a

www.allen.in [137]



ALLEN

JEE (Main + Advanced) : Mathematics

15.

16.

17.

Ans. (2)
1 1
|-
lim - ,meN
X—00 X
jim @7 —6)
X—o0 L
e)(
Xn
when X—ow, — -0
e
Put X—X =t
e
t ot
lim[2 3 j =/n2-/n3 = En(zj
t—0 t 3
Ans. (2)
exp(xfn(l+§Ty))—exp(xfn(1+%¥)j
lim | lim
y—=0| x>wx y
1+§%)X—(1+p%)
= lim | lim
y—=>0| x>w y

by expansion

(1+ay+X(X—1)'a2y2+ .... J_[1+by+)®(_nkﬂy2+}
20 e TR
=lim | lim

y—>0| XxX—>wx y

2
y(a-b)+y7(a2-b2)+ .....

= lim
y—>0 y

Ans. (3)

L 2X 4 X
f(x)= ltl_r>rol (?cot t—zj
Case-I: whenx =0
f(x)=0
Case-Il : whenx >0

f(x)= lim[zcot'1 lzj =Q><cot‘1(oo) - 2 -0
t->0\ T t T T

Case-III whenx <0

f(x)= lim[écot1 é} L cot? (-o0) = 2—X.TL’= 2x = f(x) =2x
D0\ T t T T

[138]
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18. Ans. (3)

so-lrq -1rq sl 14 _
lim £ (x) = lim sin” (1-{x}. cos™ (1-{x}) = iy S0 (1-h) . cos™(1-h)
x—0" x—0"

0 V2{x} (1-{x}) "o J2h (1-h)

T
o -1 .o -1 gy | _
= iy Sin (1-h) sin™ /h(2-h) 2 sin Jh(2-h) h_te

= lim
oo (1-hn2h 0 1 2h—h?\2h
= lim = .1. _h =2
h—0 2 2 2
T
e I “1eq _ L1 -1 —
lim f(x) = lim sin” (1-{x}) cos” (1-{x}) _ lig S0 h.cosh  _=m

X0 oy B2 09 (1-{x) 0 2(1-hh 2 242

19. Ans. (4)

: (1) .1
11_r)2 Xsm[i]+sm XZD
sin [%} 1
lim 1 +sin(—] =1+0=1
X—00 4 2
X X
20. Ans. (3)
i L-CosXJcos2x _ . 1-cos’ Xcos2x
x>0 x? x>0 (14 cosXqfcos 2X)X*
. 1 . 1-cos® xcos2x
= lim lim —M———

x>0 (1+cos Xy/cos2X) x>0 x?

1—(1_|-C;SZX)COSZX

1 1 ..  2-cos2x-(cos2x)’
m

- E !(15% )(2 - E £1—>0 2)(2
1. 1 1. . 1-cos2x
= lxllr(} avy (cos 2x + 2) (cos 2x - 1) = Lll;lg (cos 2x + 2). lxlirg —
2 . 2
= 42 25X 3 i [ 0% 23 pimie= 242 22
4 x>0 x? 4 o0 X 2 2 2
SECTION-B
1 Ans. (2)

. ( 1 1 1 1 J
lim + + + rerrneerens —_—
e |\ Jn2 o Jn?2+1 Jn?+2 n+2n
using sandwitch theorem

1 1
< =
n

<

1
n
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1 1
- <=
yn®+2n N
adding all these inequilities

1 1 1 2n

1
+ + R e
NS [T RN [ Jn*+2n N

Taking both side }Lm

1 1
l ------------- — =
- {\/ Vn*+1 \/n +2 +\/n2+2n]
2. Ans. (1)

lim x* 11 lim x? 1)1 =lim | 1-x* 1 =1
X0 x> X0 X2 X2 X0 X2

similarly lim f(x) =1
X—>0"

3. Ans. (2)
- 1%, X X
. B 84x X+ X4 | = X=— 4+ —..
. |sin" x — tan™ X 8 . 3! 3 5 84
lim + = lim + 2=
x—>0 X3 sinmx X0 x? 8
(30370 4,
=lim—>"—=~ +22=11
X—0 X 2
4 Ans. (6)
X X3
lim =1= lim Iim —=1
-0 Ja+x (bx-sinx) x>0 \/a+x x=0 hx -sin X
3 3
:%.ling U =1:%.lim A—,
a * X X a * X X
bx{x—?’!+5!— ...... } (b-1) x + ;—;+
If limit exists,thenb-1=0=b =1
3
50 —— .lim X 1o Ll o1oa=36
Jg x—0 1 Xz Jg 1
= - +.
6 120 6
so,a=36,b=1
5 Ans. (4)
n
5 4
x) = X—— || X=——
=3 () (75)

“O):Z(_;)[ J =/ Z((m 1)) =70 ZOZ(TﬁJ
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_ 1 _ 20n
:>f(0)-20(1 n+1j:>f(0) —

20 20

Now lim £(0) =lim 22" = 1im 2% = 20 _5
n—o n—on+1 n—>o<>1 1 1+0
+7
n
6. Ans. (2)
LHL = lim £(0 — h) lim = f(=h) = lim (-1)") =1
h—0* h—0" h—0"

RHL = lim £(0 + k) = lim f(h) = lim (lim J =1
h—0 h—0" h—0" {n>e14+h"
7. Ans. (1)

1
v (1+x)* =e 1—§+£x2— .....
2 24

! e—e[l—x+11x2— ..... }
I

NOW gz hm ﬂ: 1m 32 245- _E
X—0 tan X X—0 X 2X 2
X+—+—+...
3 15
8. Ans. (6)
e—nx_'_enx_zcos%_kxz
lim
x>0 (sinx—tanx)
2,2 4,4 2,2 4.,4
214 X X g X X —kx?
. 2! 4! 4.2! 16.4!
= lim

x—0 X3 X3 2 s
G - — | X+ X
3! 3 15
x* n2+n—2—k +x* ' _ 2’
4 4! 164!

T x50 3 1 1
X —— == |t
( 3! 3)

limit exists, if coff. of x2 is zero.

2
=>n?+ nZ—k=0:>4k=5n2

so the possible value match thatisn=2,k =5
9. Ans. (4)

n

D> ori(n-r+1)

. =1
lim-:
n—oo n

2 v

r=1

Sn+nrr-> o (n+1)(n)(n+1)(2n+1)
= lim~= =l =lim 6 )= 18
o n s n?(n+1) C1/4 3
2. v —
r=1

4
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10.

Ans. (9)
. n“® 1
lim > s
2n  6n

the limit obviously exists if x - 1 =98

JEE (Advanced) Practice Paper

Ans. (A)
x*—=9x+20
f&)=—""—
x—[x]
. X*-9x+20 25-45+20
£im = =0
x>5  x—[x] 1
2_ 2_
sim X 9x+20 - sim (5+h)*-9(5+h)+20 - tim
x->5 x—[x] h—0 5+h-[5+h] h—0
2
h—0 h h—0
s lim f(x)# fim f(x)
X—5 X — 5"
So, ﬂin; f(x) does not exist
Ans. (A)
Let £(x) = COSZZ—COSZX
X" =] x|
(A) éimlf(x)
forx =-1 x| =-x
£(x) = COSZZ—COSZX Now fim COSZZ—COSZX (form)
X+ X x—>-1 X“+X
= im 232X 5ing
x>-1 2X+1
(B) mmCOSZZ—COSZX (gform)
x—1 X — 0
= (imZSN2X _ogin2
-1 2x—1
Ans. (D)
For /im —1+a§osx
X—>0 X
0
for [OJ form
l1+a=0=a=-1
for fim 230X b _ im0
X—0 X X X—0
Now, ¢ = (im 1+acosx gim bsin x - 4 1-cosx
X—>0 XZ X—0 X3 X—>0 )(2

25+10h +h?-45-9h+20

h
) 251112%
= (im )
X =0 X

[142]
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2

CX
Cam2 A et
=AM x _2'(1)_2

2
- (a,b)=(-1,0) and€=%

4. Ans. (C)

X+ 7
fy= T

sin X

N . |-m+h+mx| . [h
A) f(-x) = fim —~ = /im ——=-1
(A /) h-0 sin (-m+h) h—0 —sin h
(B)f(_n—)=gimw = oim L

h>0 sin(-t-h)  m>0 sin h -
Q) f(-n) = f(-n) S0, Xﬂinj f(x) does not exist
(D) for Xfim f(x)

[x + =| 2n-h _2n

LHL = /im = (im 2 -w
X—1" sin X h—0 sinh 0
RHL = ¢im X+ ® _ jjy 274h __2m
x—r* sin X h—0 —sinh 0

LHL # RHL so, Zim f(x) does not exist.
5. Ans. (A,C)
N 1
A) i —_—
() ngg;(Zr—l)(Zr+1)
limli(2r+1)—(2r—1)
e 245 (2r-1)(2r+1)

18 1 1 .1 1 1 1 1 1
llm—z — =lim=|1-=—+=———.... —
e 246\ 2r-1 2r+1 n—w 2 3 35 2n-1 2n+1

lim2[1-—1 :»1(1—0)=1
o2\ 2n+1) "2 2

(3x*)(4%*)—(2x—1)(2x+1)(3%" + x+2)

B lim
(B) X0 4x2(2x+1)
12x4—(12x4+4x3+8x2—3x2—x—2)
lim 3 >
X—® 8X° +4X
12x4—(12x4+4x3+8x2—3x2—x—2)
lim 3 >
X—® 8X° +4X

A 5%+ Xx+2
lim a >
X0 8X° +4X

x? —4—§+i2+£3 ~
X X5 X 4 1

lim 2 :? = _E
x3(8+j
X
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(9] limi—(n(n +1))

n%oon2 2
n2(1(1+1D

lim > n 1

N> 2n 2
™ (n+2)(n+1)H+(n+1)!

o2 (n+2)(n+ 1) (n+1)!

. (n+1)!(n+2+1)

nl—r>2(n+1)!(n+2—1)

n(1+3)
lim =i 2 =1

6. Ans. (A,C)

(A) limv/x*+2x—X

X—00
o XE42x=x*
lim

w0 X +2X + X

. 2X
:>11m—
X—00 2
x( 1++1]
\j X
2

S lim——t =2

(,’1+2+1J
X

(B) limx++/x*+2x

X—00

limit does not exist

(C) lim x++/x*+2x

X—>—0

x* —(x2 +2x)
lim ———=
2 X —AIXP 42X

Replace x - —x
X—>+00 —X— /XZ —2X

2X
lim————=-1

—x(1+,/1—2]
X

(D) lim v/x* +2x —X

X—>—0

Replace x by — x

lim+/x* —2X + X

X—00

Limit does not exist
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7. Ans. (B,C,D)
(A) lim([x]) (1°°)

x—>1"

=1
x*—=9)—|x-3

@ g

x—3 (X—3)

x*—=9)—(x-3 _
RHL = lim( ) ( ):lim(x+3) 1:5
x—3* (X — 3) x—3" (1)
x> —9)+(x-3
LHL = lim( ) ( ):lim(x+3)+1:7
X—3~ (X—3) X—3~ (1)
LHL # RHL limit does not exist
. mn(x)

@ Jint

lim e[n(x)[n(x)

x—0"

lim (™’

x—0"

Limit does not exist

/n(1-2x%)
. [ 1—cos(sin®x) | sinx . &)

® [ (500 s

pa— in?
lim f(x)= lim (1 cos(251n X)J
x—0" x—0" X

1—cos(sin® X)) (sinz x)(sinz X)
(sin2 x)2 J X’

=%><1><(sin0)2 =0

=lim

x—0"

_9y2
lim g(x)=lim M

x—>0" x>0'  sin® X
. fn(l—sz) (—2x2)
x—0" (—ZXZ) sin’® x

n(1+f '
=-2 (using lim le lim 22 f(x)zlJ

-0 f(x) 00 f(X)

Now, lim ( f (x))*" =(0)”

x—0"

Which is undefined.
So, limit doesn’t exist.
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8.

10.

11.

Ans. (A,D)

1+acosx

For lim >

x—0 X

for [%J form

l1+a=0=a=-1

for lim 25X Py p =0
Xx—0 X X Xx—0

Now 7 = lim 1+a—§osx - lim b51§1x = lim

Xx—0 X x—0 X Xx—0
2

sin—

Stim 2| 2|21 (qp-l

x—0 4. 1 2
2

S (a,b)=(-1,0)and /= %

Ans. (B)
Ans. (C)
Solution for Q.9 & Q.10

1-cosX

Let a,, = x so question will be lim

x>0 cosX+1—e*—e™*

X_ X 2
= lim (2 3 ) —_ % (Ej

x>0 cosX+1—e*—e™* 3
(22 -3
n® 2
3

X o

= lim =——/
x>0 (cosx+1—ex—e’x) 3
2
2(. 2 o, (2
= -ZIn=| =-—=mP| =
3 3 3 3
So,a=2andfp=2
Ans (1)
f&x)+gx)=0
e? —x'=0

X
y=x*
x2
y=e 2z

—X
e2 =x
No. of solutions = 2

22)( _21+X.3X+32X :_ggnﬁ(zj

3 3

[146]
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12. Ans. (B)

f(x)= }]i_rg[cos %j

X n
= f(X)=lim| cos—
( ) n—m( ’nJ

N X
lim n| cos—=1

= f(x):e(w ( dn ]]

Replace n— 1
n

. (=0

{}g‘g[ cos «/ﬁxz—l ](‘EX)ZJ
=€ (JEX)

:e—é - lim cosf(x)—lz_l
T f(x)50 (f(X))Z 2
13. Ans. (2)
. _oosinT(1-{x} . cosT'(1-{x}) _ sin"'(1-h) . cos™(1-h)
am f(x)—xfir(‘)r] SO - am J2h (1-h)

T
e I i -1 _ " in?! —
= gim SD2QA-R) sinmyh (20 Lo sinT yh2-h) pes
h =0 (1-h) «2h h

1
T

T
, i sin™(1-{x}) cos™(1-{x}) - lim sin”h . cos"h_
X—0" X >0 2 {(x} (1-03) h—0 \/2[1—h) h 2 22

14. AnS. (1)
X2

1

Sln[*]
fim —X+sin(ij =1+0=1
500

15. Ans. (2)

sim 1-cosX «/cos 2X

2

x—0 X

. 1-cos? X cos2X
=/Im

0 (1+cosX 4Jcos 2Xx )X

) 1-cos® X cos2Xx
= (im

1 .
.im
>0 (1+cosXx 4fcos 2x ) *0 X
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16.

17.

18.

1—(1H:;)SZ)()COSZX

2
=lﬂim _ lﬁim 2-cos2Xx-(cos2x)
2 x>0 X2 2 x>0 2X2
1 . 1 1 . . 1-cos2x
= ggg avel (cos2x + 2) (cos2x-1) 2 ﬁang (cos2x + 2). éljg —
.2 . 2
= (42) iy 28X 3 i SIBX) _ 3 himie= 3412
4 x>0 X2 4 x>0\ X 2 2 2
Ans. (1)
lim f(x) exist and is finite & non zero
_ 30im f(x)-1
fim {f(X)Jr?’f(Z&} =3 = (im f(x) +2X=2= -
o F(x) o [fim f(x)
Let /im f(x) = A
X—>00
a+32 1 3 4o

AZ
So, fljg fx)=1
Ans. (0)
tim £(g (h ()))

LHL  x—>0-
Lim h(x) = 0*

x—0"

tim f(g(x))

then /im g(x)=1*
x—0"

lim f(x)=1-1=0

x—0"

RH.L.x— 0*

h(x)=0*

so /im f(g(x)) =0

x—0"

LHL =RHL.=0
Ans. (1)

fim g(f (x)
LHL. = ﬁirg] glf ()]

fim g(sinx) = fll’g g(sinh) = flrg (sinh+1) =1
X—0" - -

RH.L.= (im g[f(x)] = (im g(sinx) = (im g(sinh) = (im (sinh+1) =1
x—0" x—0" — N

LHL =RHL.=1
So, fim g[f(x)] =1
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