LIMITS

EXERCISE 2(A)

(A)D)
1-1-2 1-2-1

put O6=-1; <f(-1)<

—1<f(-1)<-1 = f(-1)=-1

. 0%+0-2 2,120-
Lim———=_1= Limw
0—>-1 0+3 0>-1 043
using sequeeze play theorem
. f(6)
Lim—— =_1- [ =_
im<5™ == 1: Lim £(0) =— 1.
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hdx
h2+x

[_L1m2

h—0*

2 Lim

Note:

(B)(C)
(A)

lim ([[x]] [2x + 1])

x—3"

lim ([ [x ]—[2x+1])=2—6=—4

x—3

lim f(x) =lim f(X)

x—3" x—3"

22
—>n
7

Hence limit exists.

©)

tim ({x}" = {=x})=0-1=-1
lim ({x}" ~{=x}") =1-0=1
lim £ (x) = lim f (x)

Limit does not exist

(A)C)(D)
. t { I m L Zx
()= iy i

1
= Li {2 h tan ™" i} =
h—0* h h or

{272 =3.1428571 and ©t =~ 3. 1415929]

T Ans.

(B)
lirg([x]—x)zl—lzo

lim ([x]

x—1

lim £ (x) = lim f (x)

x—1*

—x):0—1=—1

Limit does not exist

(D)
t
. an (sgn(x)) _tanl _ wnl
0" sgn(x) 1
i tan (sgn(x)) _ tan(-1) -
0 sgn(x) -1
iy (9 )

Hence limit exists.



lim f(x) = lim /{x } cot {X}zlir{]l v 7 =+cotl
x—0" x—0"

50" tan(x+1

(B)(D)

(A) limx?*sin—= = lim 3"

X—>00 / X y—0" y

. . . [1-sinx ) . . (cos’x ) sinx
(B) hm(l—smx)tanx=hm( jsz:hm —=0
COS X x>2\ COSX I+sinx

y
2 - ®

T T
X—= X
2 2

2+ 3
2x%+3 2
C) lim| =—/— |sgn(x)=lim| —%— |=2
( ) X_)OO(XZ'FX—SJ £ (X) X—>0 1+l_i
X X’
2_
(D) 1im2 =2 g
x=3" x° =90
(A)B)
|
2x-"sin—+Xx
f(x)=lim ——%*
( ) — 1+X2n

1
2x?"sin— + X

for x<1,f(x):1iml—2)§:x {limx“:O if x<1}
n—oo +X n—oo

for x =1, f(x)=2sinl+x {limxz“ =1 if X=1}
X n—w
2sinl+—21n_1 1 1
for x> 1, f(x)=1lim X X  —2sin— {limTzo if x>1}
n—o 1 +1 X n—ow x n
X2n
Now
(A) limxf(x)=lim2xsinl=21im Sy _ o
X—>00 X—»00 X y—0 y

(B) 1imf(x)=lim25inl=2sin1 & limf(x):limx:l

x—1* x—1* X x—1" x—1"

lim f(x)# }i_rj}f(x), hence Eil}f(x) does not exist

x—1*

(C) limf(x)=limx=0

x—0 x—0

(D) lim f(x)z lim x = —o0

X—>—0 X—>—0

(A)(B)(D)

lim(\/x4 +ax® +3x? +bx+2—\/x4+2x3 —cx? +3x—d)

X—>0




x* +ax® +3x? +bx+2—(x4+2x3 —cx? +3x—d)

=lim
X ax X X X X —CX X —
| Jxt baxd +3x2 +bx +2 Vx4 2%° 243x—d

i (a-2)x*+(c+3)x* +(b-3)x+d+2

X \/x4+ax3+3xz+bx+2 +\/x4+2x3—cxz+3x—d

lim( ((a=2)+(c+3)y+(b=3)y* +(d+2)y’) J

y=0 y\/l+ay+3y2 +by’ +vy* +\/1+2y—cy2+3y3—dy4

Clearly a=2. Now

+3)+(b=3)y+(d+2)y’

Lim = lim (c+3)+(b-3)y+(d+2)y 3
o \/1+ay+3y2+by3+y4+\/1+2y—cy2+3y3_dy4 2
c+3

Hence 5 =4 orc=35.

Also b,deR..

Options need correction

X3 X2 X2 X3
a+b| x——+...|—|l-——+.. |+c| Il +x+—+—+...
a+bsinx —cosx +ce” 3! 2 2 3!

lim 3 =lim 3
x—0 X x—0 X

(a—1+0)+(b+0)x+(c+;jx2 +(C;b)x3

=lim

x—0 X3

Clearly a—1+¢c=0,b+c=0 & c+%=0

:}C:——’b:l,azi.
2 2
©)
[x]+x X [X]+X x—1
lim SlimY = g lm—=lim A =1
x—>0" [X]+X x>0t X x—0" [X]+X x=>0" X —1 a

lim £ (x) # lim £ (x)

x—0" x—0"

Limit does not exist.

(A)(B)

(A) ygg( )2X=emzx(2i"_lj {1 form|

2+X
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12.

13.

14.

15.

=e e e
B hm X 2x ~ 1 2 _l

(B) x>\ 24+ X 2+1 9

(A)B)(C)

im ae”* +be ™ im A+ be?* a

o0 gel® p der 00 o de™ ¢

1/x -1/x 2/x
im ae +be”” . ae”"+b b

0 g™ pde™ 0 e +d d
Hencea=2¢c,b=2d

Now bx’ +(a—2c)x—2d=0:> x?=1.
(B)(C)(D)

Clear from the figure.
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|
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(A)B)(D)

Conceptual question.
Options need correction

X—a X

tanB . X a
. a 2a l]g;tanz 2—;—1 w
lim| 2—— =e {1 fonn}

+
limtanﬂ(a y) — limtan(EJrﬂj 5
_ ey~>0 2a aty) eyao 2 2a)\a+y

ny

- lim-2a__2

_ 7£%C0t27§[$] e Hotan%”(a*}’)
_2 2

=e™=¢"=a=1"
B)(C)

2x° .24y

lim = lim

A) 212 v 1e2y?



lim =21lim =2
(B) x—0 X x->0  2x
:{li smzx}zl.
x—0 X
©) lim tan 3x ~ 3lim tan 3x 3
x—0 X x—0 3X
:[li tan3x}=3.
x—0 X
[ 2 '4 2
(D) Iim ﬂ:_limi:_
xo-w X +2 y=0 142y
2
:>{Mn 4X'”}=—3
xo-o X +2
PASSAGE 1
16. ©) B
x—>0 3 -x2=x*x-1)> 0
x—>0 x4 —x=x*2-x)—> 0"
2B3)=A(2) = A=3
17. (B)
Lim f(-x)x* 'S
x>0 [l—cosxj_{l—cosx} l-cosx
()] ) [ [f()] 2
=6x2=12
18. (B)
3. ]
o X“osin"X |y _ginx
X —> X4 = x3
f(0)=3
. 3 . 3
s O~ sin x _sm3x 2 s 0
X X
3 .3
3f{x s:n x] .
X
= [9"]-f(0)=9-4=5

0

x? +sin? x + x sin x

)

]X

=

1 _
G B)x—>0 =

£(0)=4



19.

20.

21.

(A)

n

Z(3k {f(x+ky)—f(x—ky)})

k=1

<1...(i)

S Z(s (£ (x-+ky)— £ (x—ky)})| < 1.}
=13" {f(x+ny)—f(x—ny)}‘ <2

:>‘f(x+ny)—f(x—ny)‘£3£n

:>lim‘f(x+ny)—f(x—ny)‘£0

= f(x) is a constant function .
(D)
axe* —bln (1 + x) +cxe ™

lim o =
x>0 X“sinx

x? x? x° x?
ax| l+x+— |-b| x——+— |+cx| | —=x+—
2 2 3 2

|

= lim S
X0 X sin X

b

(a—b+c)x+ a+E—c NG I P
2 2 3°2)

= lim -
X0 , sinx
X -

X

a b ¢

=a-b+c=0, a+g—c=0&———+—=2

2 3 2
Hence a=3,b=12,c=9
Now g(x) = 3x* - 15x> + 9x.

g(x)=f(x)=h(x)=3x"-15x>+9x+23=0

=h'(x)=9x>-15x+9> 0 for all x.
Hence g(x) = f(x) has only one real root
(A)

g(x)+3:1, 3x’ —15x" +9x+3

Sln(2-x) 1 In(2-x)
By L’hospital’s rule

o3 =15x*+9x+3 .. 9x*—=30x+9
[im =1lim =
x—1 ln(z_x) x—1 l

_2—x

12

2



22.

23.

(A)

ool

I (f( )) limlnicos\/;J
ime V) n

=lim —= lim lim

=0In (g(x)) % lim In (1 + x(l +e'" )) >00>2nn (1 +X (1 +e' ))

n—oo

In(1-(1-cos Vmx )

In{cosvVmx
— limlim ( ) — lim lim — 1 =C0SVmX

1—-cosvmx

x>0 m=0 ln(1+x(1+em)) x>0 m=>0 ln(1+x(1+em))
x(1+em)

In(1-(1-cos+/ ) —
n( ( cos mx) e
=limlim 1 - cos vmx 2
x=0m=0 1n(1+x(1+em)) X(1+em)

x(1+em)

ln(l—(l—cos\/E))2 2@
l—cosm 2

- 1
Qi ln(1+x(1+em)) (1+emj 2
x(1+em) m

©)
f(X)Ze"lﬂn[ \/%1] —em (o)
2 2‘2*[ miJZ
f(x)zel‘lgj0 mo=e 2 :>f(x)—e7
g(x)zlllir?o(l+x(1+el/“)) {1 form}

g(x) _ enliglcn(x(ne”“ ) _ leTo[x .

! (X) =-2Inx, g (x) =Inx
= h(x)=tan™ (ln(—2 In x))

Now 2Inx>0=Inx<0=x(0,1)

x(1+em)



24. (D)

Asrange of In(-2Inx) is R, hence —g<h(x)<g.

25, (A)=>R); (B)—>(S); (O)—(P); (D)—(Q)

X2 2

e¥ —l+x—-e*+1 1{. et —1 x—e*+1
:5 Ll =

(A) [=Lim m +Lim —— | =
) 2 2
x—0 sIn“x -0 X x—0 X
2 ;X

LT 1

C(34x VX Lim l[“—x—lj Lim —2X
(B) /=Lim =0 I =gt XG =0 +3 =5

x—0 \3—X
3 3 3 3 3 3 3 3
. (tan’ x —x”)—(tanx’ —x°) . tan” x—Xx . tanx’ —X
(C) Lim - = Lim —————Lim —————
x—0 X x—0 X x—0 X
zero (by expansion)
. (tanx-x) (tan’x+xtanx+x?) 1
= Lim : == x3=1
x—0 X3 X2 3

(D)  rationalising gives

(X+2sinx)[\/(xz+2$inx+1)+\/sin2x—x+l}

Lim

X0 (x?+2sinx +1)—(sin® x —x +1)
sin 2x
. X +sin2x 1+ 1+2
2 - Lim 2 .2 . =2 Lim X :2_:2.
x>0 x” —sin” X +2sin X + x x>0  sin?x 3
— +2+1
X

26. (A)=(Q), B)—(R), (C)—(P), (D) —(P)

(A)  lim cos’ (n(m» =1lim cos’ (nn—(n3 +n’ + 2n)1/3 n)

n—oo n—oo

. ) n®+2n
=lim cos™ & 7 7
o n’ Jrn(n3 +n’ +2n) +(n3 +n’ +2n)
1+2 T 1
=lim cos’* T — — |=cos’ 3737
1+(1+1+22j +(1+1+22) '
n n n n



sin (2nm )
(B) lim

n—>00 1/n

-1
Also lim(n—\/1+n2)zlim(—j20
n—o n—o n+ [1+n2

' sin(2nm) . sin(2nn—2nm)
‘11‘{2 1/n :_‘11_{2 2nn—2nm
. sin(2nn—2nm) nm
211_{2 2nn—2nm n+m
sin(2nn—2nm) e
=lim =T

n—w 2 B
nm—2my1+n 1+\/12+1
n

— {% form as sin(27t\/1+n2 ) — O}

2nn(n—m)

(C) Lim (-1)" sin(n\/n2 +0.5n +1)
sin(nn—n\/n2 +0.5n+1)

mn—7yn? +0.5n +1

0.5n+1 ]sin(nn\/n2+0.5n+l)

n—nx/nz +0.5n+1

=—Lim Tc(n—\/n2 +O.5n+1)

n—oo

=Lim
noee n+\/n2 +0.5n+1

1 1
—+— sin(n—n\/n2+0.5n+l) 1

=Lim
e 1+ /l+i+i n—7n\n? +0.5n+1 2.
2n n’

x4+a)  lm X(X—H—lj lim (2&) 1
( ) =g \xa —er\xa) eZa =a=—

X—a

D) lim

X—0

27. (A)=>(S), (B)—>(P), (O)—>(Q), (D) —>(R)

(A) PB%(J’”&‘J"‘&):i‘l’wuﬂﬁzﬁx_d




sin X

2sinxXcosx —2

. sin2x—-2tanx .
B) lim —— =lim —Lns
o0 In(+x) =0 In(l+x)
sin’ x

. 3 3

——1mLX3:—21im . =2
=0 cosx In(1+x*) x>0 ln(1+x3)
coS X 5
X

(©) lim (lnsin3x—ln(x4+ex3)): lim (3lnsinx—3lnx—ln(x+e))

x—0" x—0"

= lim (3ln sin X —ln(x+e)]:—1

x—0" X
(D)  tan(2m|sinB|) = cot(2n|cosO|) = tan(27|sinO) = tan (g—Zn | cos 0 |)

= 4|sinO]=2n+1-4]|cos0|

2n+1

=|sinB|+]|cosO|=

2n+1 5

Now range of |sin0|+|cos0] is [L\/EJ hence 1 1

Further f(x)= Gj

-t |t H%H -0,

28.  (A)>(S); (B)>(R); (O)—(P); (D)—>(Q); (B)—>(P)

2
a3 3(1+X+X2J—x3—3x—3
(B) Lim ¢ 7X 2_ X~ =Lim >
x—=0 tan” X x=0 tan” X
3x* 3
=Lim 2 5 =Lim 2 —=—
x>0 tan” X x>0 tan“x 2
X2
n—2tan"' X cot'x

im ~—— 5 =2Lim ———5
© 7 1n(1+) w ln(1+j
X X



X
1
=2Lim X 7 =2
ln(l+)
X
1
X
. 2sinx-—sin2x 2sinx (1-cosx)
()  Lim == :
x>0 x(cos X —cos 2X) x>0 x(2cos” x—cosx —1)
_ 2sinx (1-cosx)
=—Lim =
x>0 x(2cosx+1)(cosx—1)
2 3 2 3
. x_o (l+x++6J—(l—x+X2—X6J—2x
Lim &% =% _{im
(E) x>0 X —sinX x>0 x’
X—| X——
6
X3
=Lim 33 =2
x—=>0 x .
6
29.  (A)—>(S); B)=>(R); (C)—=(Q); (D)—>(P)
X Limx L—1 Lim X
(A) Lim (Lj = (1+x ) _ ex%x(l#’x) :l
x>0 \ 14X e
sinl coslfl
. . 1 1 X XLme X(Siniﬂ:osi—l) }LT[ 1 ’ 1 }
(B) Lim|sin—+cos— | =e =¢ X X
X—>00 X X
sinl 251'112L
. X x |1
Lim| { N }
= X 4Xz =
s [29{2}
. cot? x B I;gt(} cotzx(cosx—l) . 20| tan”x
()  Lim (cosx)™ " =e —c
_lle{sm 5 X2
2 x>0 xi tan” x 1
= 4 = e_E
1/x 1 n
. T ];T(;; tan| 2 +x -1 . 1(1+tanx . 2 anx
(D) %ngl(tan(z+x ] = [ (4 ) j — el;gg;(l—tanx_l] — el;ggl—tanx(t X ) — eZ.




