Solution
LIMITS AND DERIVATIVES

Class 11 - Mathematics

(a) 100
(2+1)104(2+2)04.. .4 (2+100)1°

Explanation: lim

00 21041010
s T T 10
Dividing N" and D' by x
10 10 10
(1) (14 2) (14 22)
= lim m
T—00 10

210

=1+1+1+..+100 times
=100

(® 0
1—sin( g -y)

. . 1—si .
Explanation: lim ——= = lim —
-3 s y—0 cos(5—y)
.9 ¥
— 1 l-cosy li 2 sint 2
=1l1m ——= 1mﬁ
y—0 Sy y—0 2sin 5608 <
=limtan £ =0
y—0 2
d) —=2_
) —
Explanation: f(x) = /1 — z2
1 —
f'(x) = — 2z =
) 2¢/1-22 1-22
@91

Explanation: We have;

siny=xandcosz=+/1 — 22 = cosz=cosy
= 7=y

dy

dz_l

(b)-1
Explanation: Given, lim £2Z = lim sin(r—a)
z—m T zor —(T—z)
sinz

:—1[','limTzlandw—w%0:>w—>7r}

z—0
1
OF 1
Explanation: Substitute x = +
. 2+t+1-1
= lim ————
t—0

Using L' Hospital

2t+1

24/t2+4t+1

lim ——
t—0
=1

2

1
OF p
. . 2cosz—1
Explanation: lim ———
n  cotxz—1

Z*}Z

Rationalising the numerator, we get;
— lim ( V2cosz—1 ) % ( V2 cosz+1 )

Z_)f cot z—1 v2cosz+1

taking > —z =y
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10.

11.

12.

13.

= lim

z— I
1

= lim
s
$4%Z

= lim
T
r—r 1

(COS
_ 4

(
(%

(2 cos” — 1) sinz

(cos z—sinz)

(cos2 z—sin? z)

(V2 cos z+1)

sin

(cos z—sinz)
(cosz+sinz) sinz

(v2cos z+1)

us . us . us
—+sin — | sin —
+ 4 ) 4

V2 cos %Jrl)

533

\/2-£+1
2 1

_ (&%

- 2

-1

T2

@0

(v2 cos z+1)

Explanation: Given that y = /x + =

dy

1 1

de — 2T 9432

(d_y> ~1_1_9
dzx at z—1 2 2

(H\/_

Explanation: y = sec”

=y =

= —
|z|¢ 2

© —

1

Cot y Cosy
— for [x]>1

X =Secy=x

Explanation: The equation is in the form of %

Using L' Hospital rule we have

Substituting x = 1 we get e

V24

(b) 24/a? — x2

Explanation: y' = (z) - (

= 24/a? — z2

(@0

Explanation: lim

z—0

= (O) Finite number = 0

@35

a2 —z?2

(=25 ) sin(2)

1

)+ W) (@)

((—2z)

1
24/25—22

Vi (;)2

8\/3
] 14V2ra—v3 \/1+——\/' \/1+\/_+f
Explanation: " lim — =
o2 = \/1+\/_m+\/3
— lim \/2+w72
22 (3-9)(1/1+ V2t z+/3)
I Votfz—2 Votaz+2
= lim X
292 (-2)(4y/14+v2Tar3)  V2tat2
= lim (2=2)
z—2

(2-2)(1/1+V2+z++/3)(

V2tzt2)

1

.(_

a

)
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14.

15.

16.

17.

18.

19.

= lim L

=2 (\14vV2 2t /3) (V2 z+2)

_ 1

B (V1+v2+2++/3) (V2+2+2)

_ 1
T 2.3x4

- 1
= L
@ 3

Explanation: lim
n—oo

1+2+34.. 4n

n2

_poon(ntl) L g 1y _ 1
= dm S = im0 a)=s
(c) 5050

Explanation: Given, f(x) = x100 4+ x99 +x+1

o P(x)=100x% +99x% |+ x+1
So, f(1) =100+ 99+ 98 + ... + 1
= 22002 x 100 + (100 - 1)(-1)]

= 50[200 - 99] = 50 x 101

= 5050

(d) 0
Explanation: lim S22
z—o00 T

Letz = +

<

T — 0

= limysin +
y—0 y

= limy x limsin 1
y—0 y—0 y

=0 x limsin &
y—0

=0

=3
© 75
Explanation: Using L'Hospital,
2z

. 12/12‘#10
lim

z—3 1

2z

24/22+10

1

Substituting x = 3 in

3
We get ﬁ
1
b) 5.~
Explanation: y = /(z + y)
y =x+y
2yy' =1+y

(0) sec?y/z2 + 1
Explanation: Let /22 + 1=t
d(tant)

dt

= sec? t=sec? /22 + 1

Now we have to find
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20.

21.

22.

23.

24,

25.

(a) 4/9
1—cos 46 in? .
Explanation: Given, hm €05 28 — |y 2sin 20 [ 1 — cosf = 25sin? 2}
0 1—cos 66 9—0 2sin? 30 2
= lim s1n 20 |:sm 20i|
6—0 sin? 30 g0 Lsin30
sin 26
C lm 20><20_ﬁ2_22_i
T 90 sin 30 T 130 " \3 9
09950 | —5— %30
36750 30

(b) derivable at x = a
Explanation: Substitute x - a = t; then the function will become

= lim#2 cos 7 L

t—0
=0

Finite number = 0
f(a)=0

(b) /2% + a?

Expmnaﬁon:y::(g).(5_2£__> +(VAET;7§).(%)4_<%;> 1+<2J§iﬁ)

z2+a2 z++/22+a2

= Va2 + a?

(d)a
. . tan(aw2+bw+c)
Explanation: lim | ————
r—o (z—a)
— lim [tan{a(za)(za)}:| < a
T a(mzfoz)2
tan{ a(z—a)?
= lim g] X a
T—a a(z—a)?
=1xa [hm(tano) = 1}
0—0 0
=a
(b)1
Explanation: Substitute x with %
. l+tsing
= lim T
t—0 1+t cos n
=1

2n—1)x 3741
(@)

. 1 z" 1 3"
Explanation hm T o Y
z—3

I x1+m2+z3+ ...... (3'+3%+3%.....3")
=1

z—3 z—3

. x—3 2232 -3° z" 3"
_}cllgw 3+ z—3 cc3+" z—3
—142x3+3x32+...... 03t [ 2 = g

This series is an AGP of the form given below:

S=1+2r+3r... n!
g= =" 1-m™m "

(1— 7‘) 1-r
r=3,a=1,d=1
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26.

27.

28.

29.

30.

31.

_1-3742n3"

- 4

37 (2n—1)+1
4

(o
Explanation: lim (secz — tan z)

z—Z
2

= lim (sec(— — h) — tan(% — h))

h—0 2
= lim(cosec h — cot h)
h—0
1—cosh

h—s0 sinh

2sin2 L

= lim —
h—0 sinh
h

2 sin? 3
= lim —
h—0 2sin ;cos 3

= limtan 2
h—0 2
=0

——==; for 0 <x| <1

\ \\/
Explanatlon Substitute x = sin 8; 4 d€ =cos 6
=y=0

d_y
= % =secf

a8

|z|¢1
@1

Explanation: lim
z—0 log(1+z)
tanz 1

tanx

8|8

= lim ==
20 T log(1+x)
z

=11=1

© 5

Explanation: lim LAET-S
z—0 z

. (V1+z—1)(vV1+az+1)
—hm—

z—0 (V1t+a+1)z
= lim 1+;1: 1

z—0 zvV1+x+1

=lim £

z—0 z(V1+a+1)

(Va-1)(2-3)
1212+3m 2z—3
~ lim (Vz—1)(2z—-3) (y/z—1)(22-3)
o o(2048)-1(204+3) o (a-D)(20+3)

=lim

Explanation: Given, 11

= lim —22-3
z—1 (vVa+1)(2z+3)
Taking limit we have
2(1)-3 —1 —1

T (IrD@xits) 25 10

(®)0

s n
Explanation: lim =22 . Z
P 200 (sina)™ @

(VE-1)(/Z+1)(22-3) iy —E=DC23)
el (e-D(/aD)(2213) 201 (a-1)(ya+1)(20+3)
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32.

33.

34.

35.

36.

= 1(0)=0

(b) does not exist

Explanation: Given f(z) = £=2"

, . (zfa)(n-znfl) (z""—a )1
f (:E) - (wia)2 1
, (afa)(n-a"7 )7(a"7an)
a)=
flo= )

So f'(a) = % = does not exist

1

®) 3
[ 2
Explanation: lim ye 1

300 2z+1
17—

22

= lim T
r—00 2+;

Dividing the numerator and the denominator by x, we get;

1
2

(a) None of these
Explanation: We have,

) sin z, 0<z<
|sinz| = ) -
—sinz, —5 <z <0
Now,
li | sinz| — lim —sinz li sinz 1
z—0" x—0 z—0 T
lim 922 — jjy sine _ g
z—0t 7 z—0 ©
Clearly,
\smx\ 7& lim \smx\
m~>0’ z—0t
. | sinct\ .
L lim does not exist.
z—0
(b) 4
Explanation: Substitute x = cos 6
d(26)
d20)  Ta
d(sin6) T d(sin6)
dt
= 2secf
=212)=4
@y

2 3
Explanation: y = 1 + % + % 4 % T

Differentiating both sides with respect to x, we getj—z:% I+ 5+ 5 +5+
— T d 3 d [z

—5(1)4— ( )+E<_>+_(?)+E(F>+

_d 1.d (2 1.d (.3 1.d (.4

O FRHORE FrICORE FriC R FriC R
:0+—><1 —><2a—|——><3a +—><4a +.(=«a :>8—y na™ 1)
IR R il z _ _1

BRRETIR T TS [n! - (n—l)!}

=y

L4y

'dz_y

6/14



37.

38.

39.

40.

41.

42.

(a) continuous at x =0

- —1<z<0
Explanation: f(x) = < 0 0<z<1
T 1<zx<2

Function is continuous at x = 0 but discontinuous at x = 1

(b) 52

Explanation: lim

Z*}Z

44/2—(cos z+sinz)®
1—sin22

N ot

5
22— ((cos w+sinz)2)

- zhjng 2—(1+sin2z)
4
5 5
. 22 —((cosx+sinz)2)2
= lim >
z— X 2—(cos z+sinx)
4

Let t= (cos x + sin x)2
™
T — 2

2
St= (cos% + sin%) - (2)?=2

44/2—(cos z+sinz)® .22t
1—sin2z o 2—(t)

8
=
ENE]

3
- Z 7&
2 [ ‘lim, ,, ——,- =na" 1]

Ol pofon

Q’/\
N2

(b) does not exist
sin [z]

Explanation: Lt =1
z—0T (=]

sin [z]

=sin1l
z—0" (2]

= L.H.L.#£ RH.L.
hence limit does not exist.

(@8

Explanation: hm —L
0t \/16+f VI8

(16+/2)—

= lim lim2(4/16 + \/5)

z—0

=8

) 35

PUNIE 8 22 22 22 2
Explanation: lim = 1 — cos = — cos =- 4 cos —-cos =
z—0x

()

2 4 2
2 2
—hm—[<1—co L —cosz—(l —COSw—)]
z—0 28 4 2 4

2)
)
(s

4
—hm—[(251 Qﬁ)

70 @8 8

)

O 2%
4y EE
CEEE
64x16
E?)



43.

44,

45.

46.

. : 0
Explanation: lim 2=

x—0
. s
. sin m(t
= lim
x—0 z
s
— lim sm< 180 z) Es
250 (=) 180
180
- T - T
180 x1 180

(a) None of these
Explanation: We have,

0, 0<z<l1
[2] =

-1, -1<z<0

sin(—1)
, —1<z<0
Sf(x) = -1
0, 0<z<1

sinl, —1<z<0
= f(z) =

0, 0<z<1
Now,
lim f(z)=limsinl =sinl
z—0" z—0
lim f(z)=1lm0=0
z—0" z—0
Clearly,

lim f(z) #lim, .o+ /()

Thus,

lim f(z) does not exist.
z—0

@0
Explanation: lim 1cosZe
z—0

2sin? z
T

= lim
z—0
sin’ z

= lim 2z x =;
i

z—0

=0

(C) z—1

(2171:2)3/2
Explanation: y = cos! (1-x)
=cosy=1-x
= (-siny)y'=-1

= y"=(y)? (coty) = —(7,605 Z)
) (siny)
= 3
(217;1:2) 2
1
© 7

sin(%fz>
Explanation: lim ———
m 2cosz—1
T— E

g (5-1)

= lim
h—0 2c0s(§*h> 1
— lim sinh
h—0 2 [cos %cos h+sin %sin h} -1
— lim sinh
h—0 2 [%cos h+ gsin h] -1
. inh
= lim — sinh
70 cos h++/3sinh—1
— lim sinh

h=0 —2sin? 2+ /Bsinh
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Dividing N" and D" by h

s
=i y
— sin® — T
h ) V/3sinh
(2XZ)( B )+ h
4
— L
(@1

Explanation: Given, lim —22
P 250 Va+1-vV1-z

— lim sinz[va+1+v1—z|
T 250 (Va1 VI—z) (Ve 1+v/1-7)
sinz[Va+14+V1—z]

= lim
z—0 z+1-1+4z
. sinz[Vz+1+V1—z] 1
= llm _—m

z—0 2z 2

Taking limits, we get

=i xIx[0FI+/T=0=5x1x2=1

-alci_rgﬁ%[\/x+1+\/l—m]

48.

49.

50.

51.

52.

®) 55,2 #0,+£1

Explanation: Substitute x = tan 6;

=y=20
=B _9c0s20

dz

2

1+22

1
@3
Explanation: We have

2sin S cos &
2 2

sinx
z—0 z(l4cosz

)_1;*)0.1‘ 20052%

z

=1lim 2 =
2250 5

o =

(=1)" Y (n—1)!

© ——

Explanation: y = log x

(b) 1

Explanation: lim (z — [z])
z—k~

= lim(k — h — [k — h])
h—0

= lim(k—h — k+1)
h—0

=1

1
() 3
Explanation: lim 3
n—oo n
2
n—oo N
- lim n(n+1)(2n+1)
n— o0 6n3
~ lim (n+1)(2n+1)
n—0 6n2

12422432...... n

9 _ gec?f

do



53.

54.

55.

56.

Dividing the numerator and the denominator by n?, we get
(n+1) « (2n+1)

lim =
n—oo 6
(1) (%)
= lim ——
n—oo 6
—2_ 1
6 3
1
@ 3
ion: 1 L 1, 1
Explanation: 7351010 [1‘3 +55t+ 55 (2%1)(2%3)]
-1
Here, T, = (2n—1)(2n+1)
_ A B
=Tn = (2n—-1) = (2n+1)
On equating A = % and B = -%
_ 1 1
Tn= 2(2n-1) 2(2n+1)
1|11
:>11_.2_1 3
—1/1_1
=Th=3 B 5}
11
= Th1=3 |:2n71 2n711|
_1[_1
=Tn = 2| 2n—1 2n+1:|
1 1
=T +T2+T3...Tn=5|:1— 2”+1i|
=T —|—T2+T3...Tn:%[zjzl}
=T +Th+1T5...T, = 2nn+1
- lim [L3’+ 35 T 57 (2n+lﬂ2n+3J
n
= lim ;
n—oo | — 1)(2n+1)
= lim ( )
n—oo
= lim ( T ) [Dividing N" and D' by n]
n—oo F
2
() —m
Sll’lﬂ'.’l’
Explanation: 11 m =7
— smﬂ'(lJrh)
T hb0 (k)1
— 1l sin(m+mh)
o h—0 h
— lim sinh
R0 b
_ 1ien _ [ sinwh
= Jim— (<272) =
=7
(@2
2
Explanation: Given lim gloss _ ) o’ cosa [ 1 — cosx = 2sin? ﬁ}
z—0 1—cosx z—0 2 sin? % 2
2 T
T><4cosw . (E) -2cos
=lim ———— = lim ——7—
z50 2sin? 3 EHO sin” &
z o\ 2
= lim ( _2z> 2coszT
%4)0 smg
:2c050=2><1=2[ lim :1]
z—0 sinx
@0

. . n!
Explanation: 7}51010 ST
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57.

58.

59.

60.

61.

62.

Dividing N" and D" by n!;

- nhjf}o (nr1)!

n!
_7}1_)]330 (n+1)n! 1
n
= lim
n—oo n+1-1
=limi=0
n—oo ™

(b) 1

Expl tion: 1 (n+2)!4(n+1)!
Xplanation: 0 (e 1)

Dividing Nr & Dr by (n+1)!

(n+2)(n+1)!

. (n+1)!

= 1 —
n;‘{}o ()1

(n+1)!

. n+2+1

- nh_,nolo n+2-1

=1 nt3

T pyoo ntl

(d) not continuous
Explanation: Atx =1,
L.H.L. #R.H.L.

Therefore function is not continuous at x = 1 which is why it is not derivable at x = 1.

(o

Explanation: limz = 0 and —1 < sin % < 1, by Sandwitch Theorem, we have

z—0

. .1
limzsin 7 =0
z—0

@1

Explanation: Let Y = lim (secz)®t?
z%%

Taking log on both sides,

logy = lin}r cot x log sec x

T—
2

logy =0 x log sec x (." cot & = 0)

logy =0
y=100=1
1
@ 3
tan 2:
. . . tan2z—2a . z[ aJ:C - 71]
Explanation: Given, lim — = lim -
20 3T—sinz 2—0 z[37%]
tan 2z
lim 2z x2-1 _12-1_ 2-1 _ 1
@0 g sz 3-1 2 T2
T
@0
.1 n!
Explanation: 731%120 [—(H 1)!+n!]

. n!

= ng(}o [ (n+1)><n!+n!}
: n!

o T}ggo [n!(n+1+1):|
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63.

64.

65.

66.

67.

68.

(b) 4

Explanation: Polynomial functions are continuous and derivable into their entire domain f'(x) > 0. for |x| > 0.

So it will be an increasing function in [0, 2]
= f(0)=2and f(2) =4
So, f(2) will be maximum.

@ o

Explanation: Substitute x = tan
Then y = log (sin  + 1) - log (cos 6)

v®)= (:225) - (=)

y'(0) = sec
(x) = —=
Y \/ (1+a2)
") = —2—
Y (ac2+1)3/2
d) ———for0O<|x|<1
(@) — === for 0 <[x
Explanation: Substitute x = cos 6
de _ .
= ? = -sin 6
ay _
i 1
=% __ s ;for0 < x| <1
dx lz|v/1-22
© v2

Explanation: Using L' Hospital rule
lim secx—+/2

us

s xr— —
Tz =

1 4

= V2

(b)ﬁ,x>0

Explanation: Substitute x = tan 6; Z—z =sec? 6

= L =2cos? 6
dx
2 , x>0
1422
(b)1

Explanation: Given f(x) = x - [x]

we have to first check for differentiability of f(x) at x = 1/2

A1 1[5

- Lf'(3) = LHD = limy, .o

(G#)-[5-4]-5+[5]

= lim
h—0 —h
1 1
1 h-0-140
R TIN) 2~ —h _
= lim 2= = = 1

= lim
h—0 h



69.

70.

71.

72.

73.

74.

2+h=0-2+0

= lim 2 =h_1
B0 h h
Since LHD = RHD
1
f(3)=1
(@) 2

Explanation: Letz — 7 =t

i tan(%t-&-t)—l
t—0

= lim 2tant
t—0 (1—tant)(t)

=2

(2).(6Y)
d _—
( ) (1+c4c)7
Explanation: y; =
(=2)(=2)
(1+z)®
(=2)(=2)(=3)

(1+z)*
(=2)(=2)(=3)(-4)
(1+z)°
_ (=2)(=2)(=3)(=4)(-5)
(1+2)0

=2
(1+z)?

Y2=
y3=

4=

5=

— (9(=29(=3)(=4)(=5)(=6)
(1+=)7

M3

(d) not derivable at — 1 and 1

x x<—1
Explanation: f(x) = ¢ z3 -1<z<1
T x>1

The function is continuous at x =-1and 1 asatx = 1 lim1 f(z) and lin} f(z) equals to (-1) and f(1) respectively.
T—— z—

(@2
. . T+at (1422
Explanation: lim %
z—00 T
=lim ./t +1+2+1
z—o00 V zt z2

=2

(b) -2

Explanation: Given, y = sootoss
sinz—cos z

dy  (sinz—cosz)(cosz—sinz)—(sinz+cos x)(cos z+sinz)

dz (sinz—cos )2

—(sinz—cos z)?— (sin z+cos z)?

(sinz—cos ;1:)2
— [sin2 z4cos? z—2sinx cos x4+ sin® z-+cos? z+2 sinz cos m}

(sinz—cos )2

o —2

(sinz—cos z)?
. d_y o -2 =2 )
.. d£ _ - . _ 2 - _ 2 -

at =0 (sin0—cos 0) (-1)
@1
Explanation: lim —=
z—0 tAnT

= lim

z—( L

13/14



10
(@ X
. . (1—cos2z)sinbz
Explanation: lim ———
z—0 z2 sin 3z
= lim 2sin?  sin 5z
20 x%sin3z

2sin? x (sinﬁr )><5

. z2 5z
- hmzﬁo (sinSa: )3
3z
_10x1%x1
1x3
_ 1
]
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