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Limits and Derivatives

Short Answer Type Questions

2
.oxT -9
Q. 1 Evaluate lim .
x-3x—3
2 _ 2 2
Sol. Given, im =92 jim ¥ -0
x-3 x—-3 -3 x—-3
= |lim w: ||m(x+3)
x - 3 (x—3) x> 3
=3+3=6
) 4x% -1
Q.Z Evaluate Llim .
x - 1/2 2x — 1
2 _ 2 42
Sol. Given, im 272 gy @) =0
x-122x -1 x-12 2x -1
x- 2 (R =) 172
:2X1+1:1+1:2
2
Jx+h ~Jx
Q. 3 Evaluate lim ———.
h -0 h
- 1/2 _ 1/2
SOI_. Given, lim M: |imw
h-0 h h-0 x+h-x
1/2 _ ,.N/2 A n
=i w % Iimx a =l’78n_1g
h-0 (x+h-x 0+-a x-a
1
|
:1x2 :1x_1/2 [+h>00% h «x
2 2

‘ —

2



+ 2 1/3 _ 21/3
Q. 4 Evaluate lim (x+2) .

x -0 X
Sol. Given, Iim (x+2)"° -2"7 = lim (x+2)"% —2"%
=0 x $40  (x+2)-2
15
=_ x23
3
n _ an
=1 x 2 D im ¥ 2@ 1D
3 0 x-a x—a 0
:ﬁ [cx-00% 2. 2]
. QA+ -1
Q. 5 Evaluate lim —
x-0(1+x) -1
. (1+2° -1
Sol. Given, lim (+2) -1_ lim X [dividing numerator and denominator by x]
- 01+ x) =1 - 0(1+ x)° —1
X
A+ x° -1
= fim (0* %) -1 [fx-004 % A1
v=0(1+ x) -1
1+ x) -1
1+ x)° - .
im lim f(x) O
_ -0 1+x)-1 0. IimM—xﬁa 0
(1+xf - (1 Jegl im gog
X - a
x=0 (1+x) -1
6-1 n o on
:6(1)2_1 %]“mx a :nan—1|:|
2(1) Dxﬂa x—a
6x1_6
2x1 2
R+ x)? —(a+2)*?
Q. 6 Evaluate hm( ) ( ) .
x-a X —a
Sol. Given, Iim C+x)°"? —(@+2? lim @+ x)"? —(@+2)?
v x-a r-a 2+x)-(@+2)
§—1 n_ on 0
:§(a+2)2 o lim X =na" "'
2 E x-a x —a E
=22’ fxoalx 20 a 2]



4 _
Q. 7 Evaluate lim M
x -1 \/_ - 1

. x4_\/}_ ) \/}[(x)7/2_1]
Sol. Given, xl|£n1 N x||£n1 \/}_1

()2 - Dllm Jx . jim f() (G (x) = lim f(e) Olim Q(x)g

= |lim

x o 1 \/7—1 gxaa x - a x - a
x7/2_1
o x=1
_xllin1(x)1/2_1m
x =1
Iimx7/2_1 0 lim f(x) O
x-1 x—=1 0 lim f(x) Zerna (x)[l
1/2 _ D‘xﬂ i O
Jiﬂn1(xl_11 a ag(x) xllgmag(x)E
74
Twe™ I
:2 :227
1,0 ]
21)2 P
2() 2
2
x° —4
Q. 8 Evaluate hm
~2\f3x -2 - Jx+2
x° -4 — iim x -4)J3x -2 + Jx +2

Given, lim
Sol. Given, I, 5~ 72 xﬁQ\/Sx 2 - Jx +2)({3x -2 \/x+2
:” (x? - 4)(\f3x - 2+\/xT

\/3x 2 \/x +2

[ (@+ b)a-b)=a®> -b?]

- i (x® = 4)(f3x -2 + Jx +2)

x -2 Bx -2)—(x +2)

||m (x® - H(f3x -2 + Jx +2)

3x -2 -x -2
= m. (x® = 4)(f3x -2 + . Jx +2)
2x — 4
— im (x +2)(x —2)(y3x =2 + Jx +2)
x -2 2(x—-2)
_ |m2(x+2)(’/3x;2 +Jx +2)
_R+2)({6-2 +2+2)
2
:4(2+2):8




x* -4
Q.9 Evaluate lim

SN2 X%+ 3\/_36 8
. xt -4 - | (%) =@y
Sol. Given. M — avr =8 = " 32+ 30r =8

I e i)
- V2 x% + 42x —\2x -8
_ (x = V2)(x ++2)(x® +2)

- V2 x(x + 42) —2(x + 42)
= lim (x_\/7 x+\/7 x +2)

1-42 (= 2)(x + 4/2)
lim (x ++2)(x® +2)
1-N2 (x+ 4/2)

_ (2 +2)[(2Y +2]

(V2 + 42)
_2\2@+2)_8
5v2 5

x’ —2x° +1

Q. 10 Evaluate lim 3

x-1x3—3x2 +2

7 _ 5.5
Sol. Given, lim X 2% *1
-1y - 3x2 +2
= lim x—x® —x® +1
vt g% —x? —2x2% +2
- im x5 (2% =) =1(x° -1)
v P (x —1)-2(x? -1)
On dividing numerator and denominator by (x —1), then
x° (%=1 1(x®-1)
= lim (x—=1) (x-1)
-1 xPe=1) _ 2(x% -1)
(x=1) (x=1)

10
lim x5(x +1) - lim B -1H

x -1 xa1|:|x—1|:|
lim x% - lim (x+1)
x -1 x -1

_1x2-5x(1)" _2-5
1-2 %2 1-4




1 31 =43
Q- 11 Evaluate lim \/ b \/ i .

x> 0 2

X
Sol. Given, Iim m;m: lim \/1"'953 —2\/1 -x° D\/1+x3 +\/1 — 3
X0 x x-0 x m+m

im (0 x%) = (1-x°)

220214 2%+ [1-4%)

1+ 2% -1+ 48

= |im
o021+ 6% + 1 -x%)
3
lim 2x
x”ox2(1/1+x3 + 1—x3)
= lim 2x
0 X+ 147
=0
3
. x” + 27
Q. 12 Evaluate lim ——— -
¥ - -3x" + 243
x3 +27
3
Sol. Gven,  lim X *27 = |y _X*3
x--3x5 4+ 243 x- 345 +243
x+3
3 _7\3 3 _(_7\3
x° = (-3) im % (-3) q
= gim 278 2@ 2o Oy M)
35 a6 5 __3p O
et o8 2t (3 g
x=(-8) =8 x-(
_3(3°7"_3(37 im X2
5(=3°7" 5(=37 0+ 2 x-a
3 -3 _1

x-3 4x?+10
Q. 13 Evaluate lim QS -
s 12 Rx -1 4x? -1

— 2 0 _ B 5 0
Sol. Given, lim X =3 _ 4 *15_ iy E{&c 3ex +1) - (4x® + 10
x-12Px -1  4x% -10 x- 12 (4x2—1) a

D|6x2+8x—6x—3_4x2 —10
K| 2 0
xa1/2|:| Ax? -1 0




x - 1/2

2 (6x? + 4x — 3x —2)
4x° -1
2 2x(3x +2)-1(3x +2)]
21
2[(3x +2)(2x - 1)]
(x)* ~ (17
2Bx +2)2x —1)

im

im

x-12 2x -1 (Rx +1)

2%3x,+2§

2 (3x +2)
= lim
x-12 2x —1 2x1+1
2
+2:Z
2

=3
2

Q. 14 Find the value of n, if lim

n _ on

2
X 7% _gonON.

x-2 X—2
n _nn
Sol. Given, lim ¥_—2 =80
x-2 x -2
n _ gn
0O n@)" " =80 g lim ¥ ~2 :na”'ﬁ
O+ -2 x-a 0
0 nR)"~'=5x16
0 nx2"" 1 =5x@2)*
0 nx2" 1 =5x@y® !
U n=>5
sin3x
Q. 15 Evaluate lim ~—~.
x - 0Sin7x
Sin3x B i Sin3x
Sol. Given, lim 3% =*=0 ,3’7“ x
x - 08in7x Tz lim sin7x  7x
7x x-0 7x
I sin3x
im
=3F-0 3x 0. i SiNE _ 40
7 i Sin7x Hax-0 x H
x>0 7x

[-x - 00 (kx- 0) herekis real number]



;2
Q. 16 Eavaluate lim M
x - 0sIn"4x

P2 P2
Sol. Given, lim SN <* 2x _ lim S =X 2x
x-0gin4x  x- 0 [sin2 @x)]?
. sin®2x
= lm ——
x -0 (2sin2xcos2x)
(2
= |lim Sin“2x [-sin26 =2sinBcos 6]

¥~ 0 48in°2xcos’2x
1 1

= lm ——=— [ cos0=1]
¥~ 0 4cos?2x 4
. 1-cos2x
Q. 17Evaluate lim —
- _ P2
Sol. Given, lim w: lim w [ cos2x =1-2sin®x]
x -0 X x -0 X
_ . 2sinPx _, . sinPx
= |im =2 lim
x - 0 X x - 0 X
) inx 0., sinx O
=2 lim g;g ©lim —/—= =1
x - 0 X g x-0 x a
=2 x1=2
. 2sinx —sin2x
Q. 18 Evaluate lim ————,
x - 0 x3
Sol. Given, lim 28IN¥ ~SIN2x _ yjp, 2sinx = 2sinxcosx [+ sin2x = 2sinxcosx]
x- 0 x3 x- 0 x3
— im 2sinx(1 - cosx)
x- 0 x3
=2 lim S im =280
x-0 x x-0 x2
. 1-cosx 0. ... sinx _.0
=20 lim ——= s lim /= =1
x- 0 x2 B x-0 x H
1-1+ 28in2g 2sin® X
x- 0 x2 x- 0 x2
4 x =
4
Cxrf xrf
in= in
2 % 5 O _ %



1—-cosm
Q. 19 Evaluate lim -

x-01-cosnx
1-1+2sin2™* 5 cosmax =1-2sin? 720
. . 1-cosmx _ | 5
Sol. Given, Iim lim = 0 0
FooTmoosny w0 g4 ogin? %ndsinnx:1—2sin2n2—x5
2 Mx
mx mx
sin 5 xg l %'” E‘F
E@ im 575
sin? M* gﬁg 2 smogme g ox?
= Jim — 2= fim 2n - 02 04 4;
x”osinz?x ¥-0 sin2?x . %mnxD2
%g lim 020 4
@”ﬁg x-0pg 0% g
2 g o 0O
Bin ™
lim 0—2 0
anD mx I:l
m? 0 o m? i Sinx _ 0
= = . :1
n? % nxf n? 5%0 x B
IH—D
im 0—2-0
x-0pg %
o2

1/ — C0sb6
Q. 20 Evaluate lim i

Sol. Given, Iim J1-coséx _

im J1-1+2sin® 3x
xan/3\/§§g_x§ x - /3 ﬁ@ﬂ_xg

[+x-00ks

[ cos2x =1-2sin’ x]

= jm _Y¥2sindx _ sin3x

x - /3 xaTIIST[

2E-F
_ . Sin(mm- 3x) _a =i
—xl|rl[1/3W [ sin(Tt = =sin 0]
3

=3 78”’1(1‘[—330:3)(1 U lim sinx =10

x - /3 (T[—Sx) ax—»o X H
=3

'x—»%l]@r %E—»OE

o



sinx — cosx
Q. 21 Evaluate im ————.
Tt

4 4
ﬁ%inx 0l —cosx EQ@ V2 %inx cos - cosx E‘sinl%
Sol. Given, lim V2 V2 b_ lim 4

4

x o /4 Q’C_;Q x4 @C_gg
i

=42 lim Sin%” _gg

=2 . jjm SIN% 40

x - /4 @C_Eg_ gxﬂo X H
4

3sinx —
Q. 22 Evaluate lim V3sing osx

6
_ 2 %sinx - %Cost
Sol. Given lm Y3sinx-cosx_ . [0 =
x - T /6 x_l'[ x - T/6 @_l’[@
6 6
. TT . . TT

2 %IﬂxCOS— - COSxSIﬂ—T[Q SIﬂ@C - —@
= lim 6 6Y-5 jim 2 6L

x - T/6 Tt x - T/6 Tt
B o8 5
[ sinAcosB - cos AsinB =sin (A - B)]

=2 e im SN =40

Hx -0 «x H
%‘x—»%ﬂ@r %@—»OE

in2x + 3
Q. 23 Evaluate lim SNeX T X

x - 02x +tan3x

sin2x + 3x

in%x + 3 Px
Sol. Given, lim SMe*X 9% _ iy 2x¢
x-02x + tan3x «- 02x + tan3x Bx

3x

gian + 37x§2x sin2x + §

im =
xqo%“anfﬂx@c&x xaog+tan3x 3
X 3x 3 3x




=2 2x 2
== lim
3xr-02 . tandx
3 -0 3x
30
EH"'*D _
-25-28 0. jim $N% —4ang fim 18N% — 40
3 + 10 gxﬂo x il
O3 O
S
=24222,5,3 4
3 5 3 2 5
3
. sinx —sina
Q. 24 Evaluate lim —————.
oo Jx-va
+ alrj. -a
2
Sol. Given, lim SN¥ =sina_ . oos QCT%”@%E
. ’xﬂa \/7_\/5 xo 0 \/7_\/5
D'Sinc_SinD:2COSC+D_SinC_DD
H 5 0
+ a ) -a
° +
e cos gx?gsm Q)CTQ(\/T«/E)
T (Jx - Va) (x +a)
+all. -3
° +
= lim cos (27 ppin B S 7 (e + V@)
x -0 -4

M -a
=2 lim cos Qx;ja@ Wx + Ja) imosnS@'CI”;ETJﬂH
x - a ¥ 0,
2

. Ox-a
:2x|i£nocos QX;JQ\/; +/a) [;LJEnOH
2

=oos?/a 0. |im SiNx _ 40
p) p) Hz-0x H
= Jacos?
2
2
cot°x -3

Q. 25 Evaluate lim ————.
x ~ T/6 cosecx — 2

2 2

, . cot“x — 3 . cosec“x —1-3

Sol. Given  lim == *"° = |jm X222 Y77 [ cosec® x =1+ cot? x]
x- /6 cosecx —2 x-Tm/6  cosec x —2

_ . cosec’x-4_ . (cosec x)® - (2)
= |m /= = |m X"

x- 76 cosecx =2 x-T/6  CcOseCx — 2

_ +2 -2 i

im (Cosecx +2)cosecx =2) _ | (cosecx +2)
X116 (cosecx - 2) xomie

:cosecg+2:2 +2 =4



V2 - J1+cos
Q. 26 Evaluate lim x.

x -0 sin® x
N2 = [1+2c0s®t -1
Sol. Given, Iim V2 - V1+003x lim 2 . cosx =2c0s2 ¥ - 1E
x-0 sin x x -0 sin x H 2 H
V2 - f2C082g . e %D
=lm-—_ < ssinx =2sin=cos=
¥ 0 sin® x H 2 2H
\@@ cosfg ﬁ@‘—1+28in2£
= |m_———_ £~ I|m 5 4
x-0 sin x -0 sin“ x
\/E%Siﬂ S|n - ?g
= |lim 72 I|m 22 4
¥~ 0  sin’x x - %g smx
|nf 1
=242 lim [475 Olim g[p
x- 0 0 f x -0 inx (3]
U4
1 1
=2J2000-=__
16 42
sinx — 2sin3x + sin5x
Q. 27 Evaluate lim .
x - 0 X
Sol. Given,
. sinx —2sin3x +sinbx _ . sinbx + sinx —2sin3x
lim = |lim
x -0 X x -0 X
_ . 2sin3xcos2x —2sin3x _ . 2sin3x(cos2x — 1)
= |im = lim
x -0 x x -0 X
= Jim 251M3% (050 — )= 6 lim SM3% (cos2x — 1)
x-01 3x x-0 3x
=6 lim $"3% Ojim (cos2x ~1) =6 x1x0 =0
x>0 3x x- 0
4 3 3
Cooxt -1 .ox’ -k .
Q. 28 If lim ——— = lim ———, then find the value of k.
x-1 x—-1 x-kx?—k?
4 _ 3,3
Sol. Given, lim ¥ 1: lim * k
x-1 x =1 xﬂka_kz
xS _kS n_ onp




3 _ 43

Iimkx p
0 q=""" X7K 4
2 _ 2 Ijxﬂ
jim ¥ K g 9w
x>k x —k
2
U 4_% 0 4:§k
2k 2
O :4X2:§
3 3

Differentiate each of the functions w.r.t. x in following questions

4 3 2
x T +x +x"+1
Q. 29

Sol. MD d%,c3+x2+x+l

0 dx x

ixa +ix +7x +7§;§
dx dx dx

= 3x® +2x +1 +@—7§
X

=3x° +2x +1 _iz

x

:3x4+2x3 +x° -1
2

i

Q.30§&+

K| =

~<
I
mum!
+
8=
o,

Sol. Let
-1
o Lol og i B
0B+ B
:3x2—xi'2—xi4 +3
Q. 31 (3x +5)(1 + tanx)
Sol. Let y = (3x + 5)(1 + tanx)

dy _d

0 = [(@r + 5)(1 + tanx)]

=3 +5) L (1 + tanx) + (1 +tanx) 9 (3x +5)
dx dx

= (3x + 5)(sec®x) + (1 + tanx) 3
=(3x + 5)sec®x + 3(1 + tanx)

= 3xsec’x + 5sec’®x + 3tanx + 3

lim f(x)

fx) _ x-a

0
0
l 0
Am 9(x)g

[by chain rule]

[by product rule]



Q. 32 (secx — 1)(secx + 1)

Sol. Let y=(secx —1)(secx + 1)
y = (sec? - 1) [-(@+b)@-b)=a° -b?]
=tan’x
O %:Ztanx Dcitanx
dx dx
=2tanx Bec’x [by chain rule]
3x + 4
Q. 33
-7x+9
Sol. Let y = ﬂ
5x% - 7x + 9
o (5x% = 7x + 9)i(3x +4) —(3x + 4)i(5x2 -7x +9)
0 @& - dx 5 dx [by quotient rule]
dx (5x% = 7x + 9)°
_(5x® =7x +9)B —(3x +4)(10x ~7)
(5x? - 7x + 9)°
_ 15x° = 21x +27 - 30x” +21x —40x +28
(5x2 = 7x + 9
_ —15x” = 40x + 55
(5x2 = 7x + 9)°
_ 55-15x° - 40x
(5x% - 7x + 9)°
x> = cosx
Q.34 5 0¥
sinx
5 _
Sol. Let y= w
Sinx
d sirwci(x5 -cosx) — (x° —cosx)isinx
0 Y- dx dx [by quotient rule]

dx (sinx)?

_ sinx(5x* + sinx) - (x° -cosx)cosx

sin® x
_ Bx*sinx + sin®x - x°cosx +cos®x

sin® x
_ 5x*sinx - x%cosx +sin®x +cos®x

sin x
_ bx*sinx — x®cosx + 1

sin® x



O
e

1
5 -

sin x

& OOQo
Ooooo

inx @x — x° @osx U
— 0
SIN~ x 0
xsinx — x°cosx
sin® x

Q\JDD

SEES RS RS

[2cosec x — xcotxcosec x]

cosec [2 — xcotx]

Q. 36 (ax? + cot x)(p + gcos x)

Sol. Let y=(ax? +cotx)(p +qgcosx)
O & - (ax?® + cotx)i(p +qcosx) +(p +qcosx)i(ax2 +cotx)
dx dx dx

= (ax? + cotx)(—gsinx) + (p +gcosx)(@ax —cosec’x)

= —gsinx(ax® + cotx) + (p +gcosx)(Rax —cosec’x)

a+bsinx

Q. 37 ——

c+dcosx
_a+ bsinx

c +d cosx

c + O’COSx)i(a + bsinx) —(a + bsinx)i(c +dcosx)

= dx dx

O
e

(¢ + dcosx)?
_ [c +dcosx)(bcosx) = (a + bsinx)(-dsinx)
(¢ + dcosx)?

_ bccosx + bdcos? x + adsinx + bdsin® x
(¢ +dcosx)?

_ bccosx + adsinx + bd(cos? x + sin® x)
(¢ + dcosx)?
_ bccosx + adsinx + bd

(¢ + dcosx)?

[by quotient rule]

[by product rule]

[by quotinet rule]



Q. 38 (sinx + cos x)?

Sol. Let y = (sinx + cosx)
O & - 2 (sinx + cosx)(cosx —sinx)
dx
=2 (cos®x —sin® x) [by chain rule]
=2c0s2x [ cos2x =cos® x —sin®x]

Q. 39 (2x - 7)’(3x +5)°

Sol. Let y=@x —7°(3x +5)°
Y ox-72 9 e +5° +3x +5° Lx -77 [y product rule]
dx dx dx

=@x -7 (38)(3x +5° (3) +(3x +5)°2 (2x -7)(2)  [by chain rule]
=9@2x -7)°(3x + 5)° + 4(3x +5°@2x -7)

=@x -7)Bx + 572 [9(@x —7) +4 (3x +5)]

= (@x —7)(3x + 5°(18x —63 +12x +20)

= @x —7)(3x + 57(30x —43)

Q. 40 x?sinx + cos2x

Sol. Let y = x2sinx + cos2x
o/ i( 2sinx) + 9 cosox
dx dx dx
= x® [Bosx + sinx 2x + (-sin2x) @ [by product rule]
= x%cosx + 2xsinx —2sin2x [by chain urle]
Q. 41 sin® xcos® x
Sol. Let y =sin® xcos® x
0 Y sinx 1% cos® x + cos®x L sind x [by product rule]
dx dx dx
=sin® x [Bcos? x(-sinx) + cos® x [Bsin xcosx [by chain rule]

= - 3cos?® xsin® x + 3sin® xcos* x
= 3sin® xcos? x(cos® x —sin? x)
= 3sin® x cos? x cos 2x

= %(QSimccosac)2 cos2x

= %sin2 2xC082x



Q. 42 !

ax® + bx +c¢

Sol. Let y= N (ax?

ax® + bx +c

O Y~ _(ax? + bx +c)2Rax +b)
dx
- (2ax + b)

(ax? + bx +c)?

Long Answer Type Questions

+bx +c)”!

[by chain rule]

Differentiate each of the functions with respect to x in following questions using

first principle.

Q. 43 cos(x? +1)

Sol. Let f(x) = cos(x® + 1)and f(x + h) =cos{(x + h)> +1}
0 9 ) = fim & F )~ Fx)
dx h-o0 h

- jim COS{l@ + h)? + 1} —cos(x? +1)
h-o0 h

2 2 0 2 — 2 _10
—23in§x+h) +1+x +1DSmEtx+h) +1-x° -1

2
= lim J SR

O

h-0

h
0.
B

0 0
| 1D_S|n|:(x+h +x% +2 Ox +

h g 0 2 D 0

10 Ox + h)? +x2 +20 . k2 + h? + 2xh - x2
= lim —F2sin 3 0osin g

cosC —cosD = -2sin

gsin 57[5

h-ohg D 2 0 O

_ 10 Ox + h? +x2 +2 0 EV72+2hxD:|
= lim —2sin 3 sin |j:|

h-0hg O 2 0 IZI

+2x
|nh§ﬁ7
O
=-2 IimsinEtD—x+h tatre Bg

C+D_. C-Dn

[3$in

2 H

0
0
u|

H heas
h-0 g 2 hao hgz+2xga Eﬁ 2@

=-2 IimsinEKx+h +at +ZD Eﬁ
h-0 2
= - 2xsin(x® +1)

sinx - 40

B ogamT g

[+x - 00 keo 0]



Q 44ax+b

cx+d
Sol. Let f(x):ax+b
cx +d
f(x+h):a(x+h)+b
cu+m +d
d
O 9 fw)= tim M + by~ f
dx() fim h[( ) = f(x)]
— i 1lax+h+b _ax+bl
m N 0
h-oh(@x+h+d cx+dp
_ 1 Lax + b + ah ax+bD
= |m7D
h-0h el +h) +d Cx+d|:|
- lim 1 Hax + ah + b)cx +d) —(ax +b{c(x +h) +d}0
h-oh (Clx + h) +d}(cx + d) H
— jim 1 1 %ax + ah + b)lcx +d) —(ax +b)lcx +ch +d)O
“h-op B {clx + h) +d)}cx + ) H
Bacx2+achx+bcx +adx +adh +bd B
_ ImlD—{acx2+achx +adx + bcx + bch + bd} [
hﬁohg (clx + h) +d}cx +d) B
Eécx2+achx+bcx+adx+adh+bd g
i 1+ acx® — achx —adx —bcx — bch —bd} 0
=m0 0
h-ohg {c(x + h) +d}cx +d) 0
- im 10 adh - bch 0
= lim — 0
h~0hHe(x + h) +d}x +d)F
i ac — bd
m
hHO{C(x+h)+d}(x+c/)
_ ac- bd
cx +d)?
Q. 45 x¥3
Sol. Let flx) = x%/3
fx + h) = (x +hy'®
Now, 9 ) = lim [+ ~1x)
dx h-o0 h

= lim L[ + A% - £21%]

/3
= | 2/3 g
Jm B g

D:[II:II:I



2 g .o
= lim 1[qc2/SD1+hE2L+g%—1 n +---0-10
x 3 3

haohg |:| x D E
D(1+x) =1+nx + (n 1)x2+ “|:|
H ! H
2 il
= ||mlgc2/3%5ﬁ—g + .0
haoh@ B x 9 x2 [D
2/3
= ImLD%ﬁ@—l[ﬁ+ @
h-0 h 3x 3 «x
-2,2/3-1_2 -3
3 3
Alternate Method
Let fla) = x%/®
flx +h) = (x +h)?'3
0 9 ) = lim [N =)
dx h-0 h
_ 2/3|:| _ 2/3[|
= Jim (EHAR/8ZTTE ey et N2/3-xT
(h*OD h D (x+h)qx|:| (x+h)—x D
x _ on
2(95)2/3_1 g im ¥ =8 _ pgn-1B
3 0 *a x-a
I
3
Q. 46 xcosx
Sol. Let f(x) = xcosx
O f(x + h) =(x + h)cos (x + h)
O if(x): lim @+ h) —f(x)
dx h-0 h
N
= Iim —[(x + h +h) -
hlinOh[(x )cos(x + h) —xcosx]

= lim %[xcos(x + h) + hcos(x + h) —xcosx]

= hIimo% [x{cos(x + h) —cosx} + hcos(x + h)]

.10 0 . x+ h[. hO O
= Jim 2 %Es MHih +h
h|£ﬂo Hcg— sin in D cos(x )E
@C smf g
= I|m D—2x3|n +7§7+Cosx+hm
D
D'CosC—cosD:—ZsinchD inC D0
H 2 H
. h
sin—

=-2 lim xsin@c+ﬁ lim 72Dl+ limcos(x + h)
h=-0 20h-0 h 2 n-o
2

==-2 E;Lxsinx +Cosx

=COoSx — xSinx



Evaluate each of the following limits in following questions

Q- 47 tim (x+ y)sec(x +y) —xsecx

-0 )%
SOL Given ||m (x + y)SeC (x + y) —XSecx
Yy o ,
xty X
= lim cos(x +y) cosx
y-0 y

- im (x + y)cosx — xcos(x + Y)
y-0 ycosxcos(x + y)

Ckcosx + ycosx —xcos(x + y)0

= |
Yy -0 yCcosxcos(x + y) B
- im Ckcosx — xcos(x + y) + ycosx
y-0nq yCcosxcos(x + y) 0
- lim x{cosx —cos(x + y)} + ycosx
y -0 yCcosxcos(x + y)
x sm y%m %%+ yCOSx
lim
y -0 ycosxcos(x + y)
0. cosC —cosD = 2 sin ©+ P in© =20
H 2 > B
Efc %sin Qx + nginzg+ ycosacg
= lim -2 2= 20 O
- 0[] ycosxcos(x + ) O

2xsin§x y@ sin? 1
= lim Olim —2 0~ + lim sec (x +y)
yaooosxcos(x+y Yy-0 Y 2 y-0
2

0. ||mﬂ—1andxHOElkxa o:

SIS B

pesn 1§

=Iim — = & + lim sec (x + )
y - 0cosxcos(x +y) 2 y-0

2xsinx 1
="~ [} +secx
cosxcosx 2
= xtanxsec x + sec x

=secx (xtanx + 1)



sin(a + B)x + sin(a — B)x +sin2ax O
cos2B3x — cos20 x

Q. 48 lim

Sol. Given, lim [sin(a + B)x + sin(a — B)x + sin2ax]
: x - cos2Px — cos20x

- 1im [2sinax [EasBx +;s|n2axé&25|nc Dcos
x-0  cos2PBxag-cos20x 2

m [2sinaxcosPx + sin2ax]x
x -0 2sin(a + B)x sin(a — B)x

Ck

C-Dn
B

H
H
[2sinaxcosPx + 2sinaxcosax Jx

2sin(a + B)x sin(a - B)x

= lim
x - 0

2sinax[cosPx + cosox]x
x - 0 2sin(@ + B)x sin(a — B)x

Slnax%cosép B@mosg’ B@”E”

-cos C —cos D =2sin

C+D D-C

2

3in

O
B

o £ PGroos 2P fycxsn - Ppeos 7 P

§~COSC+COSD:2003C+DcosC_D
- sinox Lk
23|n§x B@xsmép B@c
SmachE(kxx)
2’“0 %Qx éﬂi@c[éu+[3§x[@x—[3§x
ALk
1 SINAY 2
2x-0 Qx
B, B g S
Wt
0. jim Sinx sinx
H o0 «
0 a
O a
E lim sinax B
-lpath g xB~0 ox 3 B
2 a2-p2 T _
élifnosing?ﬁx xl|fnosinéa?ﬁ§x§
H T H Hs H
:1{] da _ 20
2 0(2‘52 0(2‘52

and sin26 =2 sin 6cos GD

H

=1andx - 00 kx 0O

H



Q 49 lim tansx—tanx

x> m/4
CoS

Sol. Given, Iim tan’x - tanx %formg
vl oos%x + E@
4
] ]
= lim tanx(tan *7 U= |im tanx Olim Ditan * 0
x— /4 x- T/ 4 x- T/ 4 agmn
cos fir + @ Fpos B+ FHH
— _1 X|| (‘1 + taﬂx (1 —taﬂx) [‘.‘ az _b2 - (a +b)(a _b)]
x-T/4
cos@wf@
O
cosx —sinx U
=— lim (1+tanx) lim 3 0
X - 4Q:osxmzos§x+f§5
5|
1 1 O O
U @osx - L @inx @OS—I]:OSx smf Tginx
EI
(1 +1) x lim B2 2 B 242 lim 3
A osk mosgx+1{§ =40 soex E:os@x @ D
4 S|
[-cosAltosB-sinAsinB =cos (A + B)]
oos@wﬂ@
=22 lim 4 0B x =B X3 =4
=4 s Ebos%x + EQ 1
4 N2
. X
1- sm—
Q. 50 lim
CO0S — [0S — — sin—
2 4 4
1 —smf
Sol. Given, lim

x - T
COS— @)OS— Sln—g

. . X X
cos?® +sin?* -2 gin* @os®
= lim 4 4

X T

cosf.(cosf —sinf)
2 4 4

X . X
QZOS——SII’]fg2
lim 44
x— T 2X .o X X X
@:OS — —SIn 7§§:OS——SIH—§
4 4 4 4

[ sin®8 + cos® 6 =1sin26 =2sin6cos §

[~ cos?28 =cos? 8 -sin® 6]



X . X
%OS—‘SIH—@

4 4 [-a? -b% =(a+b)(a-b]
X TT X X X . X

%OS—*’SIH—@@:OS— —Slﬂ—g

4 4 4 4

lim 1 - 1 : 2 _ 1
=mosXagn® e 120 V2

4 4 2 2

X —4 .
Q. 51 Show that lim udoes not exist,
Sol. Given, lim = 4]
x-ml4d x -4
LHL= fim &9 [ola -4 = —(x —4), x <4]
LT x—4
4
=-1
RHL= fim * =% 4 [o|x = 4] = (x - 4), x >4]
xai x -4
0 LHL #RHL
So, limit does not exist.
[k cosx TT
O 2’ whenxiz
Q.52 fr)=(* & and lim f(x) = f%ﬂ‘@thenﬁndthe
3, whenx = —
U 2
value of k.
gkcosxy xil[
Sol. Given,  f(x)="~ 2% 2
O 3 x:E
0 2
kcos%[—h
0 LHL= lim Kcosx _ |im7§
. T
2
_ ksinh _ . ksinh
= |lim ——~ = l|im
h-0Tm—-m+2h h-0 2h
K m Snh_kg_k 0. |y Sinx _ 40
oh-0 h 2 ) Hn-o x H
kcos%[+h
RHL = fim KCOS¥ _ jim + Q

P MLTT2X wn D m-2 e

= lim _KSINN__ g KSINA_ K i, Sinh —7and =2

h-0m-m-2h h-0 2h 2h-0 2h

It is given that, lim  f(x —f%g nf=
x - /2

O




B3 If f(x) = , then find ¢ when lim x) exists.
Q881 f@=0_0" ., 4 lim_f(x)
) _x+2 x<-1
Sol. Given, flx) = ch% o1
LHL = Iim flx)= lm (x +2)
x - 17 x - —17
= hliino(—1 -h+2) = hliino(1 -h)=1
RHL = lim f(x)= lim cx? = lim c(=1+ h)?
x - -1 x - —1* h- 0
0O = C

If lim f(x)exist, then LHL = RHL

x - -1

0 c=1

Objective Type Questions

sinx

Q. 54 lim is equal to
xoTmx =T
@1 (b) 2
(0 -1 (d) =2
Sol. (c) Given, lim "% = jim sin(m — x)

XoMx - T ¥~ T —(T—x)
[ sin® =sin(1t — 9]

= gim SN=%) - Dy SN% g -k » 00 & r@
x- T (T x) Qxao x

2
. x“cosx
Q.55 lim ———"isequal to
x-01-cosx

3
a) 2 b) =
(a) ( )2
-3
(00— (d) 1
2
2 2
Sol. (a) Given, lim X OS% — |y ¥ COSX¥ U4~ cosx =2sin? *U
¥~ 01-cosx *-0og 2% H 2H

=2 lim % Olimcosx =20 =2
xﬂOSinzf x -0
2




Q. 56 lim is equal to
x -0
@ n (b) 1
(C)—n (d)o
Sol. (a) Given, lim +ax) -1_ lim A+ -1_ lim (T+x)" -1
x-0 X x-0 (1+x)—1 *-0(1+x)-1
S i e T U 2l
x>0 (1+x)-1 (t+x) -1 (1+x)—1
=n)'~"=n E} lim X =@ =na”_1g

Ox-a x-a

. -1,
Q. 57 lim is equal to
o 1x" -1
(a) 1 (b) 2
n
2
©-" o =
n n
A RTINS
, . m -1 x-1 x—1
Sol. (b) Given, lim X = |lim -~ =
() x - 1" =1 x—.‘lxn—‘] i xn—‘]n
x -1 x-1 x -1
_m" ' _m O x" -a" _ _nq0
= = 0} [im =na '
n@~" n gv-2 x-a
. 1-—cos40 .
Q.58 lim ——— is equal to
6-01—cos60
4 1
(@ — (b) -
9 2
-1
() — (d) -1
2
. . 1-cos40_ . 2sin’28 o
| | 1= 20=2
Sol. (a) leen’9|~m01—00366 9|~m023in239 [ c0s20 =2sin” @
. 2 .
fim SN 226 l:(ze)g lim %mzeg .
_°-0 @9 ~Ag-°H28 O D jim $M% —qandx - 00 ke OZ
[l . N
o Sin (26 36y 9 i %IDSGEZ H o0 H
8-0 (36) 8-00 30 O

[CCAEN



cosecx —cotx .
Q. 59 lim is equal to

-1 1
(@ — (b) 1 (0= (d) 1
2 2
SOL (C‘) Given, “mOCOSGC.’XT - cotx
X - X
1 _cosx
= lim Sinx__sinx = |im 1-cosx
x-0 X x -0 x[$inx
2sin? * tan®
= lim = lim —2
= Ox@sinfcost -0 X
tan™
= im_—2pg=1 0. jim fané _,0
x-0 X D2 2 He-o 8 H
2
. sinx )
Q. 60 lim is equal to
xo 0 Jx+1-1-x
(@2 (b) O (©1 (d) -1
Sol. (¢) Given, im ___Sn*
(e) x>0 Jx+1—-/1-x
= lim sinx x+1+ 1-x
o0 e+ 1= -2 Je+1+ 1-x
- lim sinx(yx +1+ J1-x )
x-0  (x+1)-(1-x)
— i sinx(yx + 1+ J1-x)
x-0 x+1-1+x
:% im S fim (Jx + 1+ T=x)
X - x x-
1 0. ... Sinx _.0O
='om-= < lim SNX =4
2 Hv-0 x H
2
. sec” x —2 .
Q.61 lim ———is
x - m/4 tanx — 1
(@3 (b) 1 ©0 (d) 2
2 . _
Sol. (d) Given, lim sec” x -2
x-m/4 tanx -1
- 1+ tan®x -2 _ i tan® x — 1
x- /4 tanx — 1 x - /4 tanx — 1
= gm (EnxEhanx =1 _ s ang + 1)
x- /4 (tanx = 1) x - /4

=2



-1)(@2x -3
Q. 62 lim (o - )(ex )is equal to
x-1 2x"+x—3
1 -1

— (b) —
10 10

() (€1 (d) None of these
, - Wr-NEx-3)_ . (Wx-1)Cx -3
sl () Ghen I e s T g
. Wx - 1)2x - 3)
- 1Q2x + 3)(Wx - NHx +1)
i 2x -3 _ -1
x-1Qx + 3)(x +1) 5x2 10

fin[x]
Q. 631 f()=H [ @ M7

H o, [x]=0

function, then lim f(x)is equal to
x - 0

, where [[J denotes the greatest integer

(@) 1 (b) 0 () -1 (d) Does not exist
in[x]
Sol. (d) Given, foy=H @ 170
H 0, [x]=0
0 LHL= lim f(x)
x - 0"
- Iim sinfx] _ lim sin[0 = h]
x-0" [x] h-0 [0-h]
= Jim ZSIN=01 -
h-0 [-h]
RHL= lim fix)= fim SN
x-o0* x-0" [x]
- im sinf0+ h] _ m sin[h] -1
x- 0" [0+ h] h -0 [h]
. LHL # RHL
So, limit does not exist.
. |sinx] .
Q. 64 lim uw equal to
x - 0 X
(@ 1 (b) = -1
(c) Does not exist (d) None of these
Sol. (¢) Given, limit = IimoM
X - X
o sinx[J_ _ sinx:_
- LHL = lim BT - fm 2 = -1
RHL= lim %=1
- 0" x
LHL # RHL

So, limit does not exist.



2
- <
Q.65Iff(x)=gx L O<wx<2
Px+3, 2<x<3

are lim f(x)and lim f(x)is

X - 2 +

, then the quadratic equation whose roots

x-2

@ x?-6x+9=0 (b) x> - 7x +8 =0

(©) x% =14x + 49 =0 d)x2-10x +21=0

Oy2 —
Sol. (d) Given, fx)= [* 1, 0<x<?
x+3 2<x<3

O lim fx)= lim (x® =1

x - 27 x - 27

=i —h? =1]= i +h? —4h -
i [@ =P =1)= lim (4+h® - 4h -1)

= lim (h° —4h +3)=3

-

and lim_ f(x)= lim @x +3)

x - 2 x - 2

= lim [2@ + h) + 3]= lim (4 +2h + 3) =7
h- 0 h- 0

So, the quadratic equation whose roots are 3and 7 is x = (3 + 7)x + 3 x7 =0i.e,,
x? =10x +21=0.

tan2x — x .

Q. 66 lim ——— is equal to
x - 03x —sinx
1 -1 1
2 b) — — d) —
(a) ( )2 (c) P ( )4
ffan2x _40
. . 2x — x . H B
Sol. (b) Given, Tl — % = lim X
*-03x —sinx x-0 xga_wm
x B
. tan2x
:xllznOZX o -1 :2_1:1
- fim SN%  3-1 2
x-0 x
Q. 67 If f(x) = x —[x], (IR, then f' %@is equal to
3
(a)E (b) 1 (©) 0 (d) =1

Sol. (b) Given, f(x)=x —[x]
’

Now, first we have to check the differentiability of f(x) at x = >

1.0 .0
0 Lf'%@z LHD = lim f%h—gf%@
h-0 -h



= |im
n-.O

5 % G

——h O—7+O—1
= |im 2

h-0

Rf'%@ RHD fim f%”@ %Q

and
1
+h + h 7+ —+h-0-—-+0
:Iim% %% @ %Q—nm? 2 =1
h-o0 h-o0 h
LHL = RHD
0 f'%§:1
1 d .
Q.681fy=\/;+—,thenlatx=11sequalto
Jx dx
1 1
1 b) — — d) o0
(a) ()2 7 (d)
. 1
. d) G ; = __
dy _ 1 1
Now, w__r _
o dx  2Jx  2x%/2
O y :1—1:0
%Qm 2 2
Q.69 If f(x) = ~—* then £'(1) s equal to
2Jx )
@2 (b) 2 (© 1 ()0
. 4 5 x—4
SOL (a) leen) f(x):ﬁ
1
2Vx —(x -4HR2O
Now, 7 (x) - 2Vx
X
2x —(x-4) _2x-x+4
4x3/2 4x3/2
x+4
4x3/2
1+4 _5
O (1 =2
() 4)((1)3/2 4
1+ L "
Q.701fy = x* ——, then = is equal to
1 dx
1=
ax ¥ 4
—4X —4Xx
(@ 1) (b) 71
1_ 2
% (d) 2%
4x x” =1



14+

2
Sol. (a) Given, y=— 2’ g y=%*1
1- n x? -1
x2
2 2
O gy - (7 =~ 1)2x ~(x° +1)Ex) [by quotient rule]
dx (x? =1y
Q:2x(x2 -1-x% -1)
dx (x? -1
_ 2x (=2) -
(% =17 (@ -1
sinx + cosx d .
Q. 71 If y = —, then Y atx=0is equal to
sinx — cosx dx
(@) -2 (b) 0 (c)% (d) Does not exist
SO[, (a) GiVen, y= Sl.ﬂx + COSx
sinx —cosx
0 ady _ (sinx —cosx)(cosx —sinx) —(Slnx2+ cosx)(cosx +sinx) [oy quotient rule]
dx (sinx —cos x)

(sinx —cosx)? - (sinx +cosx)?
(sinx — cosx)?

_ —[(sinx —cosx)® + (sinx +cosx)’]

(sinx — cosx)?

_ —[sin?x +cos®x —2sinxcosx +sin®x +cos’x +2sinxcosx]

(sinx — cosx)?
2
(sinx - cosx)?

0 %@(O =-2

sin(x+9 d .
Q. 72 Ify = (—) then & at x = 0is equal to
Cosx X
(@) cos9 (b) sin9 (0 (d) 1
Sol. (a) Given, = w
cosx
x dy _cosxcos(x + 9) —sin(x + 9)(-sinx) [by quotient rule]
dx (cosx)?

_ Cosxcos(x + 9) + sinx sin(x + 9)

0 %QK _cos9
X =0 1

=cos9

cos?® x




X X
. 73 If =l+x+—+... +
Q.781F f) =142+ 4. 2

a1
100
(©) 0

Sol. (b) Given,

()

O

Now,

Q.74 1f fx)= =T

(@) 1
Sol. (d) Given,

Now,

O

2 100
0’ then f'(1)is equal to

(b) 100
(d) Does not exist

2 100
fry=1+x+5 +  +%
2 100

X £

fle)= 0+ 1+2 x% + . +100%_

2 100

flix)=1+x + x°+. +x%

ff(=1+1+1+..+1(100 times)
=100
n _ an

X —a

So, f'(a) does not exist,
Since, f(x)is not defined at x = a.
Hence, f'(x) at x = a does not exist.

Q. 75 If f(x) = x'®

(a) 5050
(c) 5051

Sol. (@) Given,
O

Now,

+x% +... +x +1, then f'(1)is equal to
(b) 5049
(d) 50051
fx)=x'% + 2% + . +x +1

f'(x)=100x% + 99x® + ... +1+0
=100x% + 99x% + ... +1
ff()=100+ 99 + ... +1

:12@[2 x100 + (100 = 1)( ~1)]

= 50[200 - 99] 'S, =

[mamp|

=50 x101
= 5050

NS

for some constant a, then f'(a) is equal to

(d) Does not exist

[by quotient rule]

2a+(n —1)d}§



Q.76 1f f(x)=1-x+x® —x> +... —x*° +x%, then f'(1)is
(@) 150 (b) =50 (c) =150 (d) 50
Sol. (d) Given, f(x)=1-x+x? —x% +... —x® +x'®
flx)=0-1+2x —3x% +... —99x%® +100x*°
=-1+2x -3x% +... —99x%® +100x%
O f)=-1+42-3+...-99 +100
=(-1-3-5-...-99) +(2 +4 +... +100) E-
= 520[2 x1+(50 —1)2] +%0[2 x2 +(50 -1)2]
=-25[2 +49 x2] +25[4 +49 x2]
=-25(@ +98) +25(4 +98)
= -25x100 +25 x102
= —2500 + 2550
= 50
Fillers
tanx
Q. 77If f(x)= ——— then lim f(x)= ....coo.
X - T
Sol. Given, f(x) = tanx _ | tanx lim —tan(m - x)
X—T -7 x—T m-x-0 —(TT—x)
=1
.. x
Q. 78 lim Hmmxcot —H: 2, thenm= ......
Sol. Given, lim inmxcotLQ:Z
x -0 3
0 jim SN e T 2o
r- 0 mx tan——
3
X
0 jim SV gy V8 gl oo
¥- 0 mx tan ™
3 3
X
0 lim $N% O N8 i M =5
x-0 mx xaotani anL
NG NE)
J3x =2
I’l’l=72\/§

equal to

g{Qa +(n - 1)o/}H




2 3
d
Q.79 y=1+—+2 +X 4+ then P =
2t 3! dx
Sol. Given, y:1+f+£+£ LA
21 3l 4l

2 3
O Y o_geq42 3T A
dx 2 6 4!
2 3
“1+x+X + % 4
2 6
2 3
=+ XX Xy
1 21 3!
=Yy
. X
Q.80 lim = =...
x - 37 [x]
Sol. Given, im = jim 8+
x-3%[x] h-0[3+ Al
3+ h)




