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3

(9

We have, lim = lim 5
gqgcote 9_% —cosec? 6

= lim sin® 0 =1
0=
2
(a)
a* — b* a* — b”* x

lim = lim .
x-0 e* —1 x-0 b a*—1

o fa¥ -1 (b -1 ;
= [lim — lim g}
x—0 X x—-0 X

) 1
= (log, a — log, b).}l}_t)t(l)m

X

- o 9
(b)

1
_ 2x—1 NS
lim = lim

-—ox2 + 2x + 1 -
¥o—onxs+2x+1 Yo 1_g+i2
AT

[put x ==y ~» x > —ooie,y > ]
2

=——=—2
1

(a)
. _NV1+V2+x-43
xl—r>r21_ x—2

o (1VZEx-3)
2 (x — )1+ V2 + 2 +3)

x—2

= lim

2 -2 (V1+V2+x+V3) (VZ+x+2)

1
= lim

2 (14 V2 T x + VDI T x+2)
1 1

T (I+2+3)(2+2+2) 83




(d)
We have,

1 1
lim{—— — — —oof
250 {xz Bt x Zx} [0 = o form]

- Li%%{(l + g)—m - 1}

1 (1) -
- E}CI—I}(I) (1 + E) — 1
8

1 y—1/3_1—1/3

X
= Ey_r)r}ﬁ,wherey =1 +§

1 -1 1
—  x——(1)"Y/31 = _

16 3 1) 48
(a)
We have,

a* — b*

lim
x-0 X

*—1 b* —1
= }Ci_rg {(a - ) _ < - )} = log(a) — log(b) = log (%)

(b)

We have,

. ler—n_l_ x—1 x2-12 x3-13
xl_r)r% x—1 _xl—er—l-I_ x—1 +x—1
nn+1)

2

=1+4+2+3+-+n=

(b)

We have,

]irq(]og‘} 5x)lo8x5 = lini(logs 5 + logs x)'08x5
xX— X

1 . 1
. — limlogs x.——
= ]11‘1}(1 + logs x)logsx = gx-1 85X Togxs = el=¢
X—

(a)
We have,
etanx —eX . ex{etanx—x _ 1}

lim = lim
x-0 tanx — x x—0 tanx — x
tanx—x __

=lime* X lim———e%x1=1
x—0 x=0 tanx —Xx

(a)
We have,

. x? —2x+1\"
i x2—4x +2

= ex—»oox2—4x+2 = ez

2x — 1 >x lim (2x-1)x

= lim (1+

X—00

)

x2 —4x+2




log(x +a) —loga logx — 1
lim 08* @ —loga . logx—1_
x—-0 X x-e X —e
Using L’ Hospital’s rule

1 1

lim 2% 4 klim X =1
x-0 1

lim —— = lim y sin (—) =0

x—oo X y—-0 y

(a)

y log sin = i log sinx Of )

lim x log sinx = lim 1/x (0 orm

= lim S22 _ iy - X [by L'Hospital’s rule]
x50 x—>0 tanx y p

= lirr(1) S;CZZX - [by L’'Hospital’s rule]
b g

=0

(<)

dx = lim

lim — >
x—0 X

x—0 dx x?
i 2sin? x/2
X0 4.x2/4

B 11_ sinx/2 2
B Exllr(l) x/2

(@)

We have,

(J‘; esin2 tdt — fa esin2 t dt)

x+y

d (1—cosx> 1—cosx

lim
x—0 X

a cin2 x+ in2
(J‘y esin tdt+fa yesm tdt)
= lim
x—0 X
fx+yesin2 tdt

= lim 2
x—0 X

dix(x_'_y)esinz(x+y) -0

= lim
x—0 1
sin?(x+y) — gsin’y

[Using L’ Hospital’s Rule]

=lim1l.e
x—0

(o)
We have,




I 2f(x) = 3f(2x) + f(4x) [ 0
im 3 Form —]
x-0 X 0

= lir% 2f G)-6f ;ix)Hf (42) [By L’ Hospital’s Rule]
xX—
. 2f"(x) = 3f'(2x) + 2f'(4x) 0
= lim [Form —]
x-0 X 0

= lim 2 =6/ @0+8/ (40) [By L’ Hospital’s Rule]

x—0 1

=f"(0)—6f"(0)+8f"(0)=3f"(0)=3x4=12
(d)

. . a—n)nx—tanx}sinnx
Given, lim UG )
x-0

=0

x2

= lim <(a —nn—

x-0

tan x) sinnx

X
= fa—nin—1n=0
1
> a=n+-—
n
(c)
We have,
x(1+acosx)—bsinx _ T
x—0 x3 1

2 4 6
cft+a(1-Z+Z+Z 4.
= lim |/ o B8
x-0 x3

b a a b

1 —-b 2(2_ L7 oL L TR
= llm( ta )+x (3! ;!)+x (4! 5!)+ ™~ 1 (1)
x-0 X
If1+a—b #0,then LHS -» o as x —» 0 which RHS =1
~1+a-b=0

From (i), we have

b a a b
2(2% _ & 4 (& 2
(-2 (3-b)+
xl—r>r(l) x2

.b a_ —
3

Solving1+a—b=0andb—3a=6,wegeta=—§,b=——

2
()
. x?—2x+1\" y (1+ 2x —1 )
v x2—4x+2 it x2 —4x+2
. x(2x—1)

= eg}l—g}:(xzitxiz) = 92
(d)
im
x-0 X

2 sin? x

= lim
x—0 X

=1

X

(1 — cos2x)
2
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1 (b)
We have,
1+ sinx — cosx + log(1 — x)

lim
x—0

2
. (l+tanx
i (L0
x-0(1 + sinx
sinx \sinx
(1+22)
= lim

x-0 (1 + sinx)l/sinx

cosecx

COSX]l/ cosx

lim
e x—0Cosx
e
=1

2sin®x +sinx — 1

lim — -
QHEZ sin?x — 3sinx +1

4 sinx cosx + cos x

= lim
xlqgél sinx cosx — 3 cosx
[by L’'Hospital’s rule]
cosx (4sinx + 1)
m -
x-%COS X (4sinx —3)

. T
_ 451ng+1 _
4sinf—3
6

4 ()

14522\ 2% \V*
o <1 + 3x2> = (1 Ty 3x2>

-3




1imi(—2"2 )
= ex—>0x?\1+3x2) — 62

5 (a)
We have,

. 1 _ : — Vi v2 —
xll}rgl_f(x) = )lcl_r>r(1)x = 0 and, xll)rggr f(x) = }Cl_r)rtl)x =0

Hence lirr& f(x)=0
X—
6 ()
If x € Q, then n!  x will be an integral multiple of 7 for large values of n. Therefore, cos(n! mx) will

be either 1 or —1 and so cos?™(n!mx) = 1
s~ lim lim[1+cos?™(n! mtx)]=1+1=2

m—co n—oo

If x ¢ Q,n! ™ x will not be an integral multiple of = and so cos(n! mx) will lie between —1 and 1
Thus, lim cos?™(n!mx) =0
m—oo

= lim lim[1 + cos®™(nlnx)]=1+0=1

m—0o0 n—0o
7 (c)
We have,
lim (1 + cosm x) cot’mwx

(1 + cosmx)(cos?mx) cos®mx
= lim —.
(1 — cos? mx) x-11 — cosmx

x2

3!
10 (c)
b = lim, Cx + [x])
=;lirr(1)2+h+[2+h] =4
l, = lim (2x — [x])
xX—-27

= ;Lirr(l){Z(Z —h)—[2—h]}
= ;11_13(1){2(2 —h)—1}=3

cosx




[by L’'Hospital’s rule]
Thus, L <l, <l
11 (b)

_ . sin(1 4+ [x])
A f) = lim =

(1 — cos 2x) sin5x

x—0 x?sin3x
1—cos?2x_  sin5x

= lim 5 im—
x—0 x x-0sin 3x

. 2sin?x i sin5x 3x 5x
= lim im \— —
x-0 x2 x>0 5x 'sin3x 3x

) sinx\?2 5 10
=im2 (=) =3
13 (d)

We have,

i i sin(e*™% — 1)
= xlzgf(x) - xl—Ig log(x — 1)

sin(e*™2—1) e*? -1 x—2

e 21 'log(1+(x—2))
:lirr%f(x)=1x1><1=1

b g

14 (a)
We have,

li Sn+1 = Sn T An+1

m ——- m =
now [YR g noo i

2

= chllr% flx)= ,l}i‘}{

15 (9
sinvVx + h — sin/x

h
Applying L’'Hospital’s rule,

cosvx+h
m =
1 2vx
(a)
Let y = lim(sinx)®"*
x—=
2
= logy = lim tanx logsinx
xX—>=

2

_ log sinx

m
xﬁg cotx
l- sinx’ 0sx
= 11im =—————
T —cosec2x
2

[by L’ Hospital’s rule]

X




We know that
A cos 2A cos 4A 214 = sin274
COS A COS COS ... COS - MsinA

7{1_{1(}0 cos (;) cos G) ... COS (%) cos (Zx—n)

) sinx
Tlll—l;lgo 2™ sin(x/2M) [

sinx (x/2™)
oo x “sin(x/2™)
_ sinx

x
putd = —

x
18 (d)

sin(e*"1 — 1)

log x

~ sin(e" - 1)

= i g1+ 1)
sinfe® —1) (e -1)
= lim X
h-0 (e"—1) " log(1+h)

h2
g ).
h_)o(h—E-F...OO)

19 (c)
We have,

tanm x 1
+ lim (1 +—>
+2 x2

X—00

=1x1=1

P

=>[= lim ——+ lim
x—>—2 x+ 2 x—00

tanm (x + 2 i X
=[] =mn lim ¥+eg§ox2=n+e°=n+1
x>-2 m(x+2)
20 (d)

RHL= }lir‘% f(A+h)
y V1 —cos2h
= lim————

h—-0 h

2sinh
=1im\/_h =42

LHL= lim f(1 — h)lim Y2252
h—0 h—0 h

tan(2m + mx) a7
(1+3)

sinh
= limv2 = -
h—0 —h

Here, LHL#RHL
So, limit does not exist.

V2
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(a)
We have,
2_a¢!
x—2 x—2 x—0
2x% — 4f'(x
:1im¢=8—4f”(2)=8—4=4
x—-2 x—2

(a)

224 @ [Using L’ Hospital’s Rule]

2
- fzsec xf(t)dt
x-m/4 x2% — 7'[2/16
— lim 2sec? xtanx f(sec? x)

x—T/4 2x
T T T
sec’= f (sec2 —) tan-—
_ 2 4 4

/4

[Using Leibniz and L’ Hospital’s rules]

A |
= —f@

(d)
i /D40~ 9@ 10
1m 5 from]

xX—a X—a

— lim f@)gr&x)—-frix)g(a)

x—a 1-0

= f(a)g'(@) — f'(@)g(a)
=2(-1)-13)=-2-3=-5
(a)

We have,

i i x2 +5x+3\"
Jim 160 = Jim (S5

[by L’ Hospital’s rule]

= ex—>oox2+x+2 = e4

4x +1 )x lim x(4x+1)

= Jim /) = Jim (1+
(9

x2+x+2

1
P | - — 1

_osinTtx—x ——

lim ——— = lim ———— 1 5

x-0 x3cosx x-0x3(—sinx) + 3x? cosx

[using L'Hospital’s rule]




1+V1—x2

I 1—+v1—x2
= lim
x20/1 — x2.x%2(—x sinx + 3 cos x)

1
% V1—x2(1+V1—-x2)
(—xsinx + 3 cosx)
1 1
T11+1D@3) 6
(9 |
1)smx

sinx
Here, lim(sinx)** + lim (l) =0+ lim elog(;
x—-0 x—0 \Xx x—=0

1
lim(sinx)x - 0
x—0
as, 0<sinx<1
log(1/x) x(—iz)
lim—s 2 lim——x~,__
= ex~>0 cosecx — ean—COSeCXCOtX

[by L’'Hospital’s rule]

limsmxtanx
= ex—>0 X = eO =1

(b)

x+1

I (3x - 4)T
oo \3x + 2

x+1

-6 13
= lim [1+ ]

3x+2

X—00
—6 G Igls

—X
3x+2 |3x+2" 3

I 1 —6 —6
+
tim {1+ 2]

lim —oxX*L
= [e]xc03x+2" 3

i 22X=2
= pxbw 3x+2 = g~ 2/3

(o)
Putx =tanf = 6 =tan"lx
As x>0=2>6-0

y 1 . _1( 2tanf )
"o \T+wmnze
1
_ . . _1 .
= 1191_13(1) tang " (sin26)

20

91—I>rcl)tan9 B

Q)

X
1++vV1—x2




(a)

o a*+a*-2  a*loga—a*loga
lim —————=lim
x—0 x x-0 2x

[by L’ Hospital’s rule]

_ a*(loga)? + a™* (loga)?
= lim

x—0 2
= (log a)? [by L’ Hospital’s rule]
(b)
LHL= lim f(x) =limf(0—-h) =1

x—0~ h—0

(0 — h) is rational]

[...
RHL= lim f(x) =lim f(0 + h) = 1
[._.

(0 + h) is rational]
Hence, LHL=RHL=1

(9
3 X

x —3\* 1--
lim( ) = lim >
x+2) " am|142

X

siny m h _m
= wherey = -~

li = lim
x>0 X x—-0
~ tan*x
= lim =0
x—0

(c)
RHL= xli_)r%%{g(x) + (x)}sinx

. fXx) f(x)
i 1

.1 .
= ler%E{l + x}sinx

1
=§.(1+1)sin1=sin1

and LHL= lirgl_ Sizx =sinl
X—

Since, RHL=LHL=sin 1
lim f(x) =sin1
x—-1

(o)

3
. . [x3+1
Given, lim [
X—00

x2+1

—(ax+b)]=2




X(l — a) —b _E+ (1_2b)
= lim T X X =2
X—00 1+_2

x

This limit will exist, if
1—a=0
and b=-2
= a=1
and b =-2
(b)
x—=2

TGO b GO B v i
xX—-2 x—2 X2 x —2
_x—2—(x*—3x+2)

= lim

x—2 (x— 2)(x2 —3x 4+ 2)
=1 _(x_Z)Z
_xl—rg(x—Z)(x_z)(x_l)
- 1 1

__xl—ng—l

=-1

)

. f;(x)2t3dt L 2[fOPR.f(x)
lim = lim

x—3 x —3 fc 1

=2[fB3)P.f'(3) = 2 x 33 x%
=27
(a)

Given, lim f@g)-fla)-g(@)f(x)+g(a) _ 4
x-a ge)—f(x)
Applying L’ Hospital’s rule,

f@g'x) - g@f'x) _ A

” ’lcl_r)r‘ll g'x)—f'(x)
xma g —f )
k=4

4

20 (d)
We have,




1 sinx I sinx
im = lim
x-0 /52 x—0 |x|
. sinx . sinx
Now, lim —= = lim =-1
x—0— |x| x—-0 X|

. S
and, lim
x-0t x| x>0 X

. sinx .
Hence, lim Il does not exist

x—0
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(a)
We have,
(a + h)?sin(a + h) — a®sina
m
h-0 h

d
= {a (x? sin x)} = 2asina + a?cosa

atx=a
(a)
Zf(X) —3f(2x) + f(4x)
x%O x2
2f"(x) — 6f'(2x) + 4f'(4x)
x£% 2x
O 2f"(x) —12f"(2x) + 16f""(4x)
= lim 2
2F"(0) — 12f"(0) + 16f"(0)  6a
2 2

= 3a

(b)

e +log(1+x)—(1—x) 2[
frm]

xao
e+ (1421 —x)3
= lim
x-0 2x

[by L’ Hospital’s rule]
e —(1+x)?-6(1—-x)""
= lim
x—0 2

[by L’ Hospital’s rule]
_e’—1-6
2

()

Given, lim kx cosec(x) = lim x cosec (kx)
x—0 x—0

X X k
= klim— =lim — X —
x-0sinx x-0sinkx k

1

= k=-—

k

> k=+1




(d)
We have,
|x|

lim —=lim—-=1
x-0t X x-0t X

and, lim —
x-0" X

. X .
Hence, lim il does not exist
x—-0 X

(b)
We have,
T

2sin—
x

lim x
x-0

= 0 X (A finite oscillating number) = 0

)

b, 4\ ,
x? +bx + 4 T+-+5)x

=1
x2+ax+5 x—»oo(1+ﬂ+i)xz
x  x2

X—>00

(b)

Since, f(x) is the integral function of w therefore by definition
X
2sinx — sin 2x

£ = ——3
lim f’ i 2sinx — sin 2x
> lmf 6o =l
. 2sinx 1—cosx
= lim = . 5 =1
x—0 X X
(a)
We have,

xX+1 x+1

I (3x—4)(T_1_ (1+ —6 )2
e 3x+4 gt 3x+2

-6 _x+1 . —2x—2

= e]}i_)rg3x+2>< 3 = pxowsxtz = g—2/3

(c)

1+ x)8-1

AT —1

A+ +10[( + 02 + 1][(1 + %)% - 1]

= 1+x)?-1

=2x2=4
Alternate

0 form

lim — 2 —
50 (1+ )2 —1

(by L’ Hospital's rule)

(1+x)8—1<0 )

8(1+x)7
x—0 2(1+x)
=4
(a)
We have,




2v/2 — (cos x + sinx)?3
1 —sin2x
23/2 — {(cos x + sinx)?}3/2
2 — (1 +sin2x)
- 23/2 — (1 +sin2x)3/?
lim :
x-m/4 2 — (14 sin2x)

) y3/2_23/2 .
= lim ,wherey = 1 4+ sin 2x
y—2 Y-

3 .3 _i
=@ =T =
(b)

We have,
lim (3x ++/9x2 — x)

X——co

= lim (—3y +/9y? + y),wherey =—x

y—0o

—9y2+9y2 +y y 1

= lim

= lim = =
> 3y +./9y2 +y) Y>*3y 4. [9y24y 3+3

(a)

e
lim
x-0 X

(1+Z+82 .-

5x 4x

—e

(1+41—T+(4x)2+...)

2!

We have,
2
X
a—va?—x2-—=—

4

L = lim 7
x—0 X

a—a(l——

= L =lim
x—-0

=L =1lim
x—0

= L = lim -2
x—0
x2

=>L=1 —(———)
xl—r}?)Z a 2 +

1

6




1 : e
- =0andinthatcasel = % [ L is finite]
2 8a

=>~0L=2andL=i
64

(b)
lim log,(sinx)* = log, [lim(sin x)x]
x=0 x-0
x(sinx—1)
= log, [lin(l)(l +sinx — 1) (Sinx—1)]
X—
= log, [l *inxD)]
= loge 1
(@)
We have,

llm x™ (logx)™ = 11r(r)1+ (li%i)n
= xli%l+ x™ (logx)™ xllr(r)l+ % [By L’ Hospital’s Rule]
o 574 —n(r(l_:z)(ioﬁi)nl_zi [By L’ Hospital’s Rule]

. . n(n—1(logx)""?
>l Gog )" = iy~ =

= ,}l%‘+ x™ (logx)™

- n! [lef numerator and
~ x-0* (—m)"x~™ ldenominator n times

1 1
V1i+x*—(1+4x?) . \/1+F_(1+F)

im = lim
X—00 xz X—00 1
1-1

1
(@

Lety = 1ir‘%(cosec x)1/logx
X—

log cosec x
= logy =lim———
x-0 logx
— lim —cotx
x-0 1/x
x
= —lim =-1
x-0tan x

= logy=-—
1

(9

[by L’'Hospital’s rule]




. 2x—f(x)
lim——
x-1 x—1

= lim (by L’ Hospital’s rule)

2-f1(x)
x-1 1

=2-f'(D)

=2-(1)=1
(d)
f(0) = lim

x—0 x%
sin(1 — cos x).sin x

1 — cos(1 — cosx)

x—0 4x3
1 . sin(l—cosx) 1—cosx
=—.lim .
X—

4
1
4

0 1—cosx  x2 x
11 1
= 5

d=-1==

8
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(a)
We have,
lim x3/2 (\/x3 +1—+/x3 - 1)
X—>00
2X3/2
= lim
xo0/x3 +14+Vx3 -1
2x3/2 2
X1—>r2> 1 1 1+1
1+ = + 1= 3
X pe
(a)
X _~0Q
Given, lim £ -1

x—ax*—a®
a*log, a—ax

a—-1

= ,161231 x*(1+loge x)—0
a®logea—a®
a®(1+log.a)

= 2log,a=0 = a=1

(©

We have,

o (x3+1

lim —(ax+b);=2

x—w (x2 41

=—=1 [by L’ Hospital’s rule]

-1

953(1—(1)—bxz—ax+(1—b)_2
x—00 x2+1 B
=>1—a=0and-b=2=>a=1b=-2

= lim

(d

i 2% + 4x%e** + cosx
= lim

x-0 2
_2+0+1 3

2 2




nn+1)(2n+1)
6

n3 (% -1
(a)

sin2x . 2sinxcosx

im— m -
x_% sinx x_% sinx

= 2lim cosx = V3
X—)g
(a)
We have,
~1—cos(1—cosx) . 1—cos(2sin®x/2)
lim = lim
x—0 x* x—0 x*
_ 2sin?(sin® x/2) _ (sin(sin? x/2))°
im F A —— =
x—0 x4 x—0 xZ

sin(sinx/2) sin2x/2 1)° Ay
:211rr(1){ ( /2) / X } =2<)
X—

sin? x/2 Y; x2/4 4 2

(d)
Let f(x) = ax®+ bx + ¢
We have,

. lax? 4+ bx + |

lim —————=
x-m ax® +bx+c
S ax?+bm+c>0
= f(m)>0
= Point (m,f(m)) must be on darkened part of the curve y = f(x)
Thus, options (a), (b) and (c) are true

Y 3

fx)=ax*+bx +c

(1,0)

(@,0) /(£,0)

[by L’ Hospital’s rule]




(d

. ax?+bx+c
_ 1-—cos(ax?+bx+c)  2sin’ (—)
lim = lim
x-a (x — a)? x—a (x — a)?

[Since a and f8 are the roots of ax? + bx + ¢ = 0, so it can be written as a(x — a)(x — B) =
0]

2 in? (2=2C-1))
= lim 2
x-a (x — a)?

2 sin? (% (x —a)(x — ﬁ)) (%)2 (x —pB)?
= lim 2
S CT—

2
—im2(3) g =L @ py

(9

. 2%—1 . 2%loge2 5 T

chl_r% [m] = chl_r)r(l)# [by L’ Hospital’s rule]
2vV1+x

= 2log, 2 =log, 4

(b)

X
lim
%0 (m “Vi-x x>

<x(\/1 +x+4/1 —x))
m
2x

log(3+x)-log(3-x) __ k

Given, lim
x—0 X

using L’ Hospital’s rule
1

im c+dx
= ex—»ooa+bx = ed/b

~ sec?x?.2x
=lim——
x-=0SInX + X COS X




(<)
[t is fundamental coOncept of indeterminate
) _ sinx sino
ie, lim =
X—00 X (0]
= 0 X finite term = 0

(a)
Using expressions of cos x and log(1 + x), the given limit is equal to

x%  x3  x* }
7

Let A = lim %{(n + D+ 2)* ...(n + n)k ... (n + n)k}/n
Then,

=t {(13) () o0

= logA = limlz log(1+£)k=klim %log(l +%)

1/n

n

n-on n—oo

r+1% r=1

= logA = 2k(log2 —1/2) = log4* — k

4 k
-2
e
(d)
LHL= lim

x-0 X

=-1
RHL= lim 22
x—>0 X
=1
= LHL # RHL
= lim sin x| Does not exist.
x—0 X
(a)
We have,
26in(l) —
- x“ sin (x) X

xom | 1 [x]

—sinx

x?sin(x™1) — x

lim
X—00 1—x

()1 _1-n

. x—1
M1 Co-1-

0
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1 (b)

We have,

l, = limz(x +x)=-24+2=0
x>

I, = lim2(2x +x])=—4+2=-2
x>

. cosx .. sin(m/2) - _

and 13 = xl_l)g}z x—m/2 x-m/2 —(1/2—x)

oo l2 < l3 < ll

2 (b)

We have,

x+3 - AP
) = ex-oX+l = e

1 2 ki
lim—=41 - cos— — cos— + cos—cos—

2 4 2 4

lim (1 — cos x2_2) (1 — cos xf)

x—0 x8
2 4

1 1—cos> 1-—cos*
=—1lim 22 24

TE®

2 4

1 1 1 1 [l' 1—-cosf 1]
=—X=X=—=— - =

647272 256 650 92 2
4 (<)

I () = li X —sinx
imf(x) = lim |[———
x—>oof x—00 | x + cos? x

x>0 x12




s?x
—0asx - oo

We have,

nx X . _ E
lin}(z _ x)tanT = lin}{l +(1- x)}tanT _ eklm(l x) tan”
x— prave

. T Th . mh llmT
— e}ll_r%—h tan(g+7) — e}ll_r}(ljhcotT _ ehaotan(T) — 62/”

6 (a)
We know that, if r < 1, then
limr"* =0

n—oo
And ifr > 1, then

lim ™ = o
n—-o0o

Here, lim r™ =

n—oo

<1l :
r e, r==
5

()

lim 5%¥—57% lim 5*log5-5"*log5
x>0 2X x50 2

[by L’ Hospital’s rule]

_log5 +1log5

B 2

=log5

8 (d)

~ V1—cos2x _ V2sin?x

lim—— = lim—

x—0 \/fx x—0 \/Ex

= lim =5 = £(x) [say]

x-0 X
1. |sin(0+h)| _
Now, f(0+0) = }11_1)13 — — 1

. |sin(0 —h) |
fO=0) =i ==
f(O+0)=f(0-0)

-~ The limit of function does not exist.
9 (o)
We have,

-1

b
lim a”* sin (—) = lim

10 (d)

2
e <3x2 —4 3x+ 2>

x3(3x +2) —x2(3x%2 — 4)
xX—00 (B3x?2—-4)(Bx +2)

= lim

29




— 2x3 + 4x?
~ 0% 0x3 f6x2—12x -8
2+4/x 2

X1—>r2>9+6/x—12/x2_8/x3 9

11 (a)
We have,

I e* —cosx  ((e¥ —1) (1—cosx)}
im————=lim +

x—0 X
2

X
=lim—
12 (4

Letx = % Then,

nx
a’* +a)* + -t a)*
n

= lim

y y y\ /Yy
ai +a2 +--+a
y—0

n

= lim

1+af+a;’+...+a3{_n n
y=0

n

13 (b)
sin®x 4+ cosx — 1

lim >
x—0 X
cos x + cos? x

= lim cosx.
x—0

1 1

22
14 (b)
We have,
sin4x sin 4x

v (Vi)
4(51n4x> (1+\/G):8
4x
(@)
Cox8-2x+1  8x7-2
e gl U g

= g =3 [using L’ Hospital’s rule]

166 (a)




lim va?x? +ax + 1 —+a?x2 + 1
X—>00
o a*x*+ax+1-a*x? -1
= lim
x=oqg2x2 + ax + 1+ Va2x? + 1
. ax
= lim
X—>00
x[JaZ +9+i2+\/a2 +i2]
X X X
— a —
Va? +Va? 2
17 (d)
LHL= lim (—1)!
x-0"
= }llln'(l)(—l)[o_h] = (—1)_1 =-1
— lim (=D = Lim(—1)0+
RHL ,}L%L( 1) ;LILI’(I)( 1)
=(-1)°=1
LHL=RHL
. Limit does not exist.

()

(1—e*)sinx

2
42 x+2) —x+2><(x+2)

i x+3 i 2 (2
11m< ) = lim <1+ )
x-oo \x + 1 xX—00 x+1

&)[2(9&2)]

2 )( 2 x+1
. (244/x)
= ex-oco(1+1/x)
20 (b)
Since, « is a repeated root.
ax?> + bx +c = a(x — a)?
Now lim sin(ax?+bx+c)
" xsa  (x-a)?
~ sina(x — a)?
=lim ————Xa
x-a alx —a)
=lima(l) =a
X—-a
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1 (b)
We have,

eX*—1-x .
= lim
X x—0

(o)
2x + 1)*(4x — 1)°
(2x + 3)%°

e*—1

2x

= lim

X—00

X—00
_(+0)*°14—-0)> 2%

(2+0)¥5 285
(0)

=32

3

% [Using L’ Hospital’s Rule]

x*0 (2 + %)

x45 (2 +

40 x5 (4 _ 1)5

X
45
J

lim f(x) = lim (Ix - 3] + x — 4])
=lim([3 ~h~3]+[3~h—4])

= }Li_r%([—h] +1+h)
=—-14140=0

4 (d)

We have,

lim {x + (x — [x]*} = lim x +
xX—2~ X2~

5 (d)

We have,

3x—2

>3x+2

= lim

x2+2x+3
2x24+x+5

(0

= lim

6

lim

lim (x = [x])

142
X
VR

2

1-2/3x

2 3\ 1+2/3x
e
x

1 5

+ =

x  x2

esSinx _ ox
sinx — x

[e

x—-0 x—-0
sinx—x __ 1
= lim e* lim

x—-0 x—0
=e'x1=1
7 (b)
We have,

sinx — x

ex(esinx—x _ 1)
[ sinx

|

|

— X




lirri(logz 2x)108x 5

xX—

= lin}(logz 2 + log, x)'08x5
x—

; 1

: limlog, x.——

= llrri(l + lng x)l/logsx = ex-1 82 logs x
X—>

= e91c1—>n} lng 5 = eIng 5
8 ()
f (x) is a positive increasing function

=> 0<f(x)<f(2x)<f(3x)
f2x) _ f(3x)
fx) &)
At < ];((2)) <A ];(f))

> 01<

By Sandwich theorem
fQ@x) _

o)

lim
X—00

9 (c)
LHL= lim f(x) = lim x? —3
xX—37 x—-37
=9-3=6
And RHL= lim f(x) = lim 2x+5
x—-3% x—-3%
=2x3+5=11
~ 6 and 11 are the roots of equation
. Required equation is
x% — (sum of roots)x + (product of roots) = 0
= x2=(114+6)x+(11x6)=0
= x2—17x+66 =0
10 (c)
We have,

Flx) = {xsin(%),x *#0
0, x=0

: : : : 1
- }L%l—f(x) = }Cli‘l(l)f(o —h) = chl_r% —hsin <_ﬁ)

. oy
:J}Lrgl_f(x)—il_r)r(l)hsm(ﬁ)—O

Similarly, we have lim f(x) =0
x—-0%

Hence, lim f(x) =0
x—0

11 (d)
We have, f(x) ad|

sinx

.l — 1 0 = i =" Pt
e i LA Y ey )

h
= lim f(x)=-1

m = lim =1
X—>-T h-0sin(m + h) h-0sinh

34




and,
|-t + h + m|

Am, 6 = lim f(m+ ) = lim

=z xl}l{r}ﬁf(x) B _}Ll—r>r(1) sinh =1

Hence, lim f(x) does not exist
X—>—T

12 (d)

We have,

- f)-f3)

I = /®)

Now, f'(x) =

13 (c)

We have,

x
5x+1 _ 7x+1 . . ) _7_5X0—7_
= iR’

1
(18— x2)3/2 =f'0) = (9)3/2_5

(d)
We have,
A; = |§:Z%|"’ =1,2,.,nanda; <a, < <a,_;<a,
Let x be in the left neighbourhood of a,,. Then,
x—aq;<0fori=mm+1,..,n
and,
x—a;>0fori=1,2,... m—-1
_ (x —a;)
—(x—a)
X4 .
= =1fori=12,...,m—1
X —Qq;
Similarly, if x is in the right neighbourhood of a,,. Then,

=—1fori=mm+1,..,n
Ai=

x—a;<0fori=m+1,...,nandx —a; >0fori=1,2,..

A=Y __qf +1,.
= — ori=m
T G—a) :
X —a;
A; = =1fori=1,2,..,m
X —a;
Thus, we have

lim_ (Al AZ An) = (_1)n_m+1
x-an;

and,
llm (Al AZ An) - (_1)n_m
x-at,

Hence, lim (4, A, ... A,) does not exist
X=am,

15 (a)
We have,

.,m




A+x)A—x3)A+x3HA —xH ...+ 2" (1 —x*)
T A+ 00— 2D+ 23)(1— x%) .. (1 — x2M)]2
. (1 + x2n+1)(1 _ x2n+2) (1 + x4n—1)(1 _ x4n)
= A = (L = ) . (1= 2
1+ X2n+1 1— x2n+2 1+ x2n+3 1— x4n
xll»IIl1{ 1+x ez * 14 x3 XX 1—x2"}
. {X2n+1 +1 x2n+2 -1 x2n+3 +1 x4n _ 1}
x—--1

X X X ... X
x+1 x2—-1 x3+1 x2n —1
. x2n+1 _ (_1)2n+1 « x2n+2 _ (_1)2n+2
T XD X2 = (-1
y {x2n+3 _ (_1)2n+3 y x4n _ (_1)411}

03— (_1)3 X .. m

2n+1 2n+2 2n+3 4n
= X X X .. X—
1 2 3 2n
4n! 4
= = "l
{2n)1}?
16 (a)
We have,

lim 8% = Jim ;n = (0 [ByL’Hospital's Rule]

x—o00 XM xXx—oNX
17 (b)

llm f(x)_3 — llm f(x)_g \/}+3
x—9 Vx-3 x-9 x—9 F(x)+3

, V9 +3
= o (=)
, 3+3
= Ox37 5=
18 (a)

We have,

3

1,if |x| =1
oo, if x| > 1

lim x?" =
n—oo

iO,iflxl <1

2n A
= lim

n—-oo

0,|x]=1
1,[x] >1

1 {—1, x| <1

= lim ——
+1 o (1+ 1/xM)am
1

= lim =1
noel 4+ —
X
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1(b)
We have,
x2+4x+5=(x+2)? +1>1forallx
sa=1

~ 1—cos?0
b=Ilim————=

6-0 62
n

Z n"C, a" b = (a+ b)" = 2"
r=0
2 (c)
We have,
Ty L/
lim {1+<3—1) } =71i_r)r010y(1+0)1/n=y><1°=y

n—>oo

3 (b)
lirq(log ex)l/logx = lirri[log e + log x]l/logx
x- prae

= lim[1 + logx]'/lo8*
x—-1

logx
= ex—-1logx = ¢

4 (a)
We have,

_ x2+1 C (a—-Dx?*+ax-—1
lim {ax — =b = lim =
x—00 x+1 xX—00 x+1
Since b is a finite number. Therefore, degree of numerator must be less than or equal to that of the
denominator
ca—1=0=>a=1
Now,

(a-Dx*+ax-—1
lim =
x—00 x+1
Hence,a=b =1
5 (b)

Given limit

x tlog(1+t)
= lim —fo e a
x—0 x3
Using L’ Hospital’s rule,
xlog(1+x)
: x*+4
- ;lcl—rg 3x2
— lim log(1 + x). 1
x—0 x* + 4




6 (d)
o, ifx?>1
We know, lim x2® =<{1, if x2=1
e 0, ifx?<1
log(2+x)—x?" sinx
1+x2n

Given, f(x)= lim
n—-oo

For x2=1, f(x)= lim @

n—-oo

1
=3 (log3 —sin1)

For x% < 1,

f(x) =log(2 + x)

Foe x2% > 1,

(L) log(2 + x) —sinx

xZn

TR
= —sinx

( log2+x), x*<1
1
fx) = iz(log3 —sinl), x=1
—sinx, x2>1

~ lim f(x) = limlog(2+1—h)

x—-1" h-0
=log 3
xll)r{k fx) = }ll_rg[— sin(1 + h)]
= —sinl
It is clear that both limits exist and lir{1_ j et lir{1+ f(x)

xX— xX—

7 (d)
We have,

. fOZxx exZ dx . fOZXeXZd (xz) N\ [exZ]ZX
J}I—E?O e4x2 - J}I—E?O Ze4x2 N X—00 Ze4x2

fozxx e*” dx et 1 (1 1 ) 1

2 p4x?

> lim 2———— = lim ——— = lim =

X—00 e x? x—-o 2 e4'x2 X—00

8. ()
We have,

limztanzx (\/2 sin?x + 3sinx + 4 —/sin?x + 6sinx + 2)

x-m/

(2sin?x + 3sinx + 4 — sin?x — 6sinx — 2)
V2sinZx + 3sinx + 4 + Vsin?x + 6sinx + 2
tan? x (sin?x — 3sinx + 2)

= lim
x-m/24/2 sin2 x + 3 sinx + 4 4+ Vsin? x + 6sinx + 2
sin? x (sinx — 1)(sinx — 2)

= lim
x-1/2 (1 — sin? x) (V2 sin x + 3sinx + 4 + /sin2 x + 6sinx + 2)

i —sin? x (sinx — 2)

= lim

xom/2 (1 + sinx) (V2 sin? x + 3sinx + 4 + /sin2 x + 6sinx + 2)
1 1

T2(60+V9) 12




9 (b)

x+3

x+1)

x+3

m
= ex—oooX+tl — @

10 (a)

3x—x3\ ®
f(x) = cot™?! <1 — 3x2> =5- 3tan"lx

lim (1 +

X— 00

.2
and g(x) = cos™?! (Liz) =2tan"1x

f(x)—f(a)

im————=
x~ag(x) — g(a)
L _3tanlx—-Z+3tan"la
= lim 2
xoa 2tan"1x —2tanla

3 tan'x—tan"'a 3

2x>a tan~lx —tan-la = 2
11 (b)
We have,

Jlim f(x) = lim f(2—h)

R RS Rl e sy S

k((2 4+ h)? — 4)
2—(2+h)

Jig, 160 = i F 2+ 1) = Jig
h(h +4)
— T4
—h e
~ lim f(x) = lim f(x)forallk €R
x—27 x-2%

12 (c)
We have,
~ 1-cos3x
lim—
x—0X SINn X COS X
(1 —=cosx)(1+ cosx + cos? x)
= lim ;
x—0 X SINX COSX

_ 2sing , (1 — cosx + cos? x)
= lim

. X X
x=0 x 2 sin (E) cos (E) cosx

- lin 7 = kjim

. X
_ Sm(g) 1+ cosx +cos?x 1
= lim X p ==X3=c
x—=02(x/2) cos (E) CoS x 2 2
13 (b)
We have,

) x + sinx
lim |————
x—0 [X — COSX

k((2—h)2—4)_k1, hth—4) _

—4k




14 (a)

Since, f'(a) exists.

o ) = f(a)
© @)= lin T
lim xf(a)—af(x)

x—a xX—a

~ lim xf(a) — af (a) + af (a) — af (x)
x-a X—a
_ limf(a)—(JC—(JL)_alim f(x) — f(a)
T xoa (x—a) x-a (x—a)
= f(@) - af'(@)
15 (d)
We have,
_ sin(a + 3h) — 3sin(a + 2h) + 3sin(a + h) — sina
A h3
~ {sin(a + 3h) — sina} — 3{sin(a + 2h) — sin(a + h)}
m
h—0 h3
h

. 3h 3h 3n\ .
2 sin—-cos (a +7) — 6cos (a +7) sin~

Now,

= lim
h—-0 h3

3h . 3h . h
. 2cos(a+7)(sm7—3smz)
= lim
h—0 h3
. 3h
3h)Sln T

= —8;11_1)1(1) cos (a + > )3

A
sin—
2

h/2

) 3h
= — lim cos (a + —)
h—-0

= —cosa
2

16 (b)
We have,

1%+ 2% + - 4 n*
—

1/x

lim
x—-0

) 1* -1
=11m{1+ +

x—=0 n
.o1f1¥—1 2%-1  n¥-1
n ' n ' ' n

= ex—on

— e%[log 1+log2+---+logn]

1 1 1
= en08n) _ Slogndn — (nDn

17 (b)
We have,

2
fox cost?dt




. 2x cosx* . , e
;me [Using L’ Hospital’s Rule]
2cosx* —8x*sinx* 2-0 .

fim 2cosx —xsinx  2—0
(c)
We have,
x> —4x+17—-4x—-2 (x—3)(x—5
fOI+g0) +h(x) = xzix—lz =Ex—3§§x+4§
~lim[f(x) + g(x) + h(x)] = limw = —E

x—3 -3 (x—3)(x+4) 7
19 (a)

. 8 sinx
[8 sinx +xcosx] — tcosx

= lim
3tanx + x?2 x>0

lim Stanx

X

_ loge(3+ x) —log.(3 —x)
lim =

k

x—0 X
log, (1 + g) —log, (1 — g)

=k

x
+§+1im—log(1_§) =k

M)

= lim
x—0
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1 (b)
We have,
x2+6\°
76 = lim (1 +

* lim —2
2 ) = exaooxz—ﬁ = eO =1
x“—6

X— 00

X 2
4x + 1 . lim 42" +x b
2— = llm e x—oo X“+x+2 — @
x“+x+2 xX—00
(a)
We have,

%ﬁ(l) = G'(1) [By def. of derivative]

X

G(x) = —/25 — x2 = G'(x) = \/ﬁ = G6'(1) =

e
V24
4 (a)

lim cos™?! <11_ ﬁ)

x—1 — X
e ()
— VR R

- (1 +1\/E>

. sin(e" —1)
= o0 Tog(1 + h)
-h _ 1
(e ) y h 1
h log(1 + h)




6 (b)
~ 3sinx —+/3cosx ~ 3cosx++3cosx
lim = lim
x-;% 6x —Tm x—»% 6
3 cos% ++3 sin%
B 6
3.8,
_ T2 2

6

1

()
We have,
reo £x)
[t*], {f(x)}* — 16

alcl—lg x_zdt=L1$ﬁ=L1_rg x—2
2

= lim
x—2

= 4(f()’f' ) = 32f'(2)
8  (a)

sec? x

=z e [% from]

3 !
w [Applying L’ Hospital’s Rule]

T2
x2 -
16

f(sec? x)2secxsecxtanx
2x

U@ _8@
/4 I8

9 (c)

We have,

1— sinx
X —sinx \/ x
lim f(x) = lim i

Y o = lim —_— =
X—00 x—oo | X + Ccos“ x X—00 + cos“ X

i 1-0 . sinx 0 cos? x 0
= = |[/—= - - — 00
xggsf(x) 140 X "ox asx

10 (a)
We have,

. 2f(x) = 3f(2x) + f(4x) 0
lim 5 [— form]
x-0 X 0
— lim 2f (x)-6f' (2x)+4f'(4x)

x—0 2
— lim 2f ()12 (2x)+16f" (4x)
x—0 2

[Using I’ Hospital’s Rule]

[Using I’ Hospital’s Rule]




_2f"(0) —12f" (0) + 16" (0)
B 2
=3f"(0)=3x2=6

(b)

cotx —cosx

cot (g + h) — cos (g + h)
(—=2h)3
—tanh +sinh
(—=2h)3
sinh(1 — cos h)
cosh x 8h3
sinh 2sin?h/2 1 1
= —lim X =—
8h-0 h 4(h/2)?> cosh 16
12 (c)
We have,

x+3 x+3 4 x+3 4 @i3)
) = lim (1 + ) = eygl—glo xtD) = 4
1 xX—0 x—1

VaZ+1- Va3 +1
m - 3
oo et +1—-xt + 1

1 3 1
= lim

ek
15 (a)
[f@ae3dr  afreop
lim .
x—2 xX—2 1
=4{f(D¥.f'(2)
=4 X (6)3.%
=18
16  (b)
Since, g(x)g(y) = g(x) + g(y) + g(xy) — 2
Now, at x =0, y = 2, we get
9(0)g(2) = g(0) + g(2) + g(0) — 2
= 5g(0)=5+2g(0)—2 [~ g(2) =5]
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f')




= g0)=1
g(x) is given in a polynomial and by the relation given g(x) cannot be linear.
Let g(x) =x*+k
=  gx)=x*+1 [+ g(0)=1]
g(x) is satisfied in Eq. (i)
)lci_rg gx)=9gB)=32+1=10

17 (b)
We have,

1—cot3x

lim 3
x-m/42 — cotx — cot® x

= lim 1-y?
y-12-y-y

y -1

y1y3 +y—2
-DO*+y+1)  y*+y+1 3
= lim =lim———————=-
y-1(y— D2 +y+2) yo1y2+y+2 4

18 (c)
We have,
xlir?_{l —x+[x—1]+[1—x]}
=lim{1-(1-h)+[1-h—1]+[1-1-W]
= }ll_r%{h + [—h] + [h]} = }ll_l’)r(l)(h —-14+0)=-1
and,
1ir{1+{1 —x+[x—1]+[1—-x]}
x—
=lim{1- (1 +h) +[1+h—1]+[1- 1+
= ;ll_I;r(l){—h + [h] + [-h]} = }ll_r)r(l)(—h +0-1)=-1
Hence, lim f(x) = —1

x—-1
19 (a)

ax?+bx+c _

=2

5 where y = cotx

Given, lim
' x-1  (x—1)?

This limit will exist, if
ax?+bx+c=2(x—1)>?
= ax’+bx+c=2x%—4x+2
> a=2, b =—4, c=2
20 (a)
_ 2x2+x—3 o (2x+3)(x-1
lim = lim
x-213x3 —=3x2+2x—2 x>1(3x2+2)(x—1)
2x + 3
- xl—l;q 3x2+2 -
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TOpIC --LIMITS & DERIVATIVES

o /JT T E )

x+ Vx +x +\/_/
x +/x

= lim

X—00

x+vx+Vx+Vx
ROV

y—>0 le\/_ [put A= ﬂ
"t

/1+ﬁ
J1+ /y(1+\/§)+1

2 (d)

We have,
x + 6)x+4 3 hm < 5 x+4 lim 5(x+4)
1

) = @ex—o0 X+1 — e5
X—00

= lim
y=0

x+1

We have,
~ 1—cos(ax?®+ bx +¢)
lim
x—a (x —a)?
2
sinz {(ax +bx+c)}

=21i 2
xl—r>rclz (x - CZ)Z

i {a(x—a)(x_ﬁ)} * a, 3 are roots of
:21imsm 2 ax’?+bx+c=0
e (x — a)? ~ax?+bx+c

=a(x—a)(x —p)




sin {a(x—az)(x—ﬁ)} 2

a 2
e | X7

2
2 2

=212 x (@ = f)? = - (a - )’

4 (@)

}Ci_%(l —ax)V/* = )lci_I:I(l) [(1 — ax)_ﬁ]_a =e @

5 (c)

i = dO"

L= lip

lim > x(\/z-l_m)
02 -V2—h) (V2+V2-h)
5(V2++V2—h)
2-2+h -

Ril= lip

. 5 ><(\/7+\/2+h)
ONZ-VZER) (ZH+VZER)
5V2+V2+h)
2-2—-h
LHL+#RHL
Hence, limit does not exist.




(@)
2 5 6

i 27"(n% +5n+6) . nf(1+-+-3)
m = l1mm
n-ow (n+4)(n+5) n—owon n2 (1 +i)(1 _|_§)

n n
=0
9

: . 1
)lcl_r>r(1) flx) = }Clir(l) x. sin—

= 0 X finiteterm = 0

g Temmy)

ex
- 9161_1:% e*(x —a) +e*

[by L’ Hospital’s rule]
e
0+ea 1

11 (c)
We have,

X . —2x
lim — 2

lim <1 — ) = ex-oox+l = @~

X— 00

x+1
12 (d)
[3" +37%— 2]

lim
X2

x—-0

2
1+ xlog3 +%(log3)2 + -t

2

i 1—xlog3 +%(log3)2—...—2

B xl—% x2

13 (d)

We have,

1

<e"+e—x—2 xZ

= (log3)?

lim

x—-0 2

X

4! 6!

x—0

X X
=1im<1+2—+2—+---




14 (b)
- 1/x
Let y = lim (E —tan™?! x)

= logx;(: )li_)rgo%log (g —tan™?! x) E form]

1
( 1+x2) [using L’Hospital’s rule]

) —2x
_ ;) = A 1+ x2
1+x2
[using L'Hospital’s rule]
= logy=0 = y=1
15 (d)
We have,

1-cos(x—1)
x3+2x2+x+1) @2
x2+4+2x+3

2sin?(x-1)/2
x3+2x%2+x+1) @02
x2+2x+3

(@)
Here, lim3x2 +2x—-3=0
xX—o—
lim33x2 + ax + a — 7 must be zero, in order to limit exist.
X——
3(-3)2+a(-3)+a-7=0
27—-2a—-7=0
2a =20
a=10
(b)
3x—-1

(Y5
|

lim (1 - ﬁ)‘gx_l — lim [(1 ~ )

X— 00 X— 00

= o HImG-1/00-1/x) _ 12

18 (b)
We have,

R B }
—n?2 1-—n? 1—n?
1+2+34+4+n n 1

1—n? now2(l—n) 2

. 3.2n+1 _ 4 gntl
S 757

n
S (6.(3) =20) 20

=% on (5@" +7) 7
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