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CONTINUITY AND DIFFERENTIABILITY

Important Questions
Multiple Choice questions-

1. The function
F(x) = ii%—xi-cosx, if x#0
k s x=0
is continuous at x = 0, then the value of ‘k’ is:
(a) 3
(b) 2
(c)1
(d) 1.5.
2. The function f(x) = [x], where [x] denotes the greatest integer function, is continuous at:
(a) 4
(b)-2
(c)1
(d) 1.5.

3. The value of ‘k” which makes the function defined by

1
sin — , if x#0
filx)= x
k , if x=0,
continuous atx=0is
(a) -8
(b) 1
(c) -1
(d) None of these.

4. Differential coefficient of sec (tan™ x) w.r.t. x is

www.swottersacademy.com



CONTINUITY AND DIFFERENTIABILITY

1-x d
2) then =
1+x, dx

5.1fy=log ( is equal to:

: dy .
IfFy = \/sinz + y, then ng is equal to
COSIT
(3) D1
COsSTxr
b) 19,
sSinT
(c) fine

(d) ﬁ

2x ) and u =tan-1 ( 2

1+X2 1—X2

e dy .
7. 1fu=sin-1( ) then e

(a) 12
(b) x

1—x2
1+x2

(c)
(d) 1
d?y

_ 32 \, — 3 ay.
8.1fx=t% y=13 then 2 1S

(a)

(b) =
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CONTINUITY AND DIFFERENTIABILITY
3
(c) >
3t
(d) =
9. The value of ‘c’ in Rolle’s Theorem for the function f(x) = x3 — 3x in the interval [0, V3] is

(a) 1

(b) -1
3
(c)5
1
(d) 5
10. The value of ‘c’ in Mean Value Theorem for the function f(x) =x (x —2), x € [1, 2] is

(a)

N w

(b)

()=

(d)>

Very Short Questions:

1. If y =log (cos ex), then find Z—i (Delhi 2019)

2. Differentiate cos {sin (x)2} w.r.t. x. (Outside Delhi 2019)

3. Differentiate sin?(x?) w.r.t. x%. (C.B.S.E. Sample Paper 2018-19)

. dy . . _
4. Find - if y + siny = cos or.

dy

v ain=1(Br/T—0:2) — 1 cme 1 e dy
y=sin"" (6zv/1 — 92?%), 35 << 35 thenfind 7

(%))

6. Is it true that x = e'°® for all real x? (N.C.E.R.T.)

7. Differentiate the following w.r.t. x : 3**2, (N.C.E.R.T.)
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CONTINUITY AND DIFFERENTIABILITY

8. Differentiate log (1 + 8) w.r.t. sin!6.
9. Ify=x* find v
dx

10.

fy= \/2"' + \/2" + V25 +...... + 000 then prove that: (2y = 1)== = 2*log 2.

Short Questions:

1. Discuss the continuity of the function: f(x) = |x| at x=0. (N.C.E.R.T.)

2. Iff(x) = x + 1, find :—x (fof)(x). (C.B.S.E. 2019)

cosx—sinx

3. Differentiate tan™ ( ) with respect to x. (C.B.S.E. 2018 C)

cosx+sinx

1+cosx

4. Differentiate: tan™ (

) with respect to x. (C.B.S.E. 2018)

sinx
5. Write the integrating factor of the differential equation:

(tanty—x) dy = (1 +y?) dx. (C.B.S.E. 2019 (Outside Delhi))

B &

6. Find

.| 5z+12,/1—2z2 o T
if y = sin” [—lg—] (A.L.C.B.SEE. 2016)

Im
)
(an)]
b
(@)}

oy dy . « =1 61_4\/1_412 A = o
7. Find = ify = sin [f (A1CBS

8. Ify = {x + VxZ + a?}", prove that % L

v x2+4a?

Long Questions:

1. Find the value of ‘@’ for which the function ‘f’ defined as:

dsiﬂE{x+1],.t5{]
) = tan x - sin x

3 '
X

x>0

s continuous at x = 0 (CBSE 2011)

2. Find the values of ‘p’ and ‘g’ for which:
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CONTINUITY AND DIFFERENTIABILITY

[ 1-sin’x T
—=, ifx<=
3cos'x 2

: n

1 Py lfx:E
q (1 -sin x) 4
I R Y, % :’_p
w2 T3

is continuous at x = 2 (CBSE 2016)

3. Find the value of ‘k’ for which

W +kx = 1-kx -1<x<0
X
flx) =
2x+1 if0<x<1
x—1

is continuous at x =0 (A.I.C.B.S.E. 2013)

4. For what values of ‘@’ and ‘b\ the function ‘¥ defined as:

Jax +b ifx <1
f(x)= 11 ifx=1
Sax -2bif x>1

is continuous at x = 1. (CBSE 2011)
Assertion and Reason Questions-

1. Two statements are given-one labelled Assertion (A) and the other labelled Reason (R).
Select the correct answer to these questions from the codes(a), (b), (c) and (d) as given below.

a) Both A and R are true and R is the correct explanation of A.

b) Both A and R are true but R is not the correct explanation of A.
c) Aistrue butRis false.

d) Ais false and R is true.

e) Both A and R are false.

Assertion(A): L 9 *=9 js continuous at x = 0.
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CONTINUITY AND DIFFERENTIABILITY

Reason (R): Both h(x) = x?, -9 *=9 3re continuous at x = 0.

2. Two statements are given-one labelled Assertion (A) and the other labelled Reason (R).
Select the correct answer to these questions from the codes(a), (b), (c) and (d) as given below.

a) Both A and R are true and R is the correct explanation of A.

b) Both A and R are true but R is not the correct explanation of A.
c) Aistrue but R is false.

d) Ais false and Ris true.

e) Both A and R are false.

) 1f':\'|—,|‘:~\:—|:-:_ x 20
f(x)=
| sinx 0

n X<J

Assertion (A): The function is continuous everywhere.

Reason (R): f(x) is periodic function.
Case Study Questions-

1. If arelation between x and y is such that y cannot be expressed in terms of x, then y is called
an implicit function of x. When a given relation expresses y as an implicit function of x and

d
we want to find d_Z' then we differentiate every term of the given relation w.r.t. x,

d
remembering that a tenn iny is first differentiated w.r.t. y and then multiplied by d_i

Based on the ab:ve information, find the value of d—z in each of the following questions.

3

x> +x%y +xy2 +y3 =81

(3% +2xy+y°)
x2+2xy+3y2

(3x>+2xy+y°)

x..! + 2;‘{}' 4 3}r2

(3x%+2xy—¥°)

x2 2 x}! - 3}?2

3x2+4 xy- }'2
T x24 Xy 33‘3
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CONTINUITY AND DIFFERENTIABILITY

ii. x¥ = XY

Xy

P (1+log x)
Xty

" (1+log x)
%5

- x(1+log x)

x+y
" x(1+log x)

iil. ®2Y = xy

_..y

o= x(y cosy—1)

—_—
ycosy—1

.
y cos y+1

¥y
x(y cosy—1)
x+cosly=1

sin 2y
sin 2x

B sin 2x
‘ sin 2y

sin 2y
sin 2x

C.—

sin 2x
d. sin 2y
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CONTINUITY AND DIFFERENTIABILITY

ey= (\/f) VXVE...00

2
}r

B e
x(2—y log x)

9

¥
b_ ———L A——
2+y log x

9
v

C . A—
x(2+y log x)

9

¥

- x(2—y log x)

1. If y =f(u) is a differentiable function of u and u = g(x) is a differentiable function of x, theny
dy _dy  du

= f(g(x)] is a differentiable function of x and dx ~ du dx " This rule is also known as
CHAIN RULE.

Based on the above information, find the derivative of functions w.r.t. x in the following

questions.

i COS /X

sin /X
24/x

sin /X
24/x

c. sin /X
d —sin /X
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CONTINUITY AND DIFFERENTIABILITY

1
L
x2 1 ..}.l
a. (7) '7x X '10g7
: 1
o (Z5) -7 - logT
-1 A
C (—15—) .7x x 10g7
x> +1 =
d (xz—.)-'zx F . log7
l-cosx
. 1+cos x
1 2 X
a gsec 3
| 2 X
b."‘"z"SGC 5
2 %
C. SeC 3
2 x
d. — secC 35
o i3 -1 f x 1 -1 [ x
1 1
- x2+b? * x%4-a?
1 1
b. x2 +b2 + x2+4a2
E_ L
C AT Bl
d. None of these.
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CONTINUITY AND DIFFERENTIABILITY

v.sec ! x + cosec ! —X—
V;X" 1
a —=
\,r"’x_ 1
b 2
' vxi—-1
1
- |xlv/%2-1
d —2
x| /x2—1

Answer Key-

Multiple Choice questions-
1. Answer: (b) 2

2. Answer: (d) 1.5.

3. Answer: (d) None of these.

4. Answer:

6. Answer:

COST
@) 2y—1

7. Answer: (d) 1
3
8. Answer: (b) —
4t
9. Answer: (a) 1

10.Answer: (a)%
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CONTINUITY AND DIFFERENTIABILITY

Very Short Answer:
1. Solution:

We have: y = log (cos e%)

=—e*tan e*
2. Solution:
Let y = cos {sin (x)%}.

Z—z = —sin {sin (x)2}. Z—';VC {sin (x)?}

= —sin {sin (x)?}. cos(x)? Z—Z (x?)
=—sin {sin (x)?}. cos(x)?2x
= -2x cos(x)? sin {sin(x)%}.
3. Solution:
Let y = sin?(x?).
Z—z = 2 sin (x?) cos (x?) = sin (2x?).
4. Solution:

We have:y +siny = cos x.

Differentiating w.r,t. x, we get:

d d .
—y+cosy.—y=—smx
dx dx

dy__.
(1+cosy) —=-sinx

d sin x
Hence, oA
dx

1+cosy
wherey # (2n + 1)m, n € Z.

5. Solution:
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Here y = sin” (6z+/1 — 9z2)
Put 3x =sin 0.

y =sin™ (2 sin 6 cos 0)
=sin (sin 26) = 26

=2 sin? 3x

(fy - 6

dr V1- Q2

6. Solution:
The given equation is x = e'%&
This is not true for non-positive real numbers.
[ - Domain of log function is R+]
Now, let y = /o8
If y >0, taking logs.,
log y = log (e'°®) = log x.log e
=log x.1=logx
=y =X

Hence, x = "8 is true only for positive values of x.

7. Solution:
Lety = 3**2,
dy

_3x+2 a
oo log3. = (x +2)

=3**2 Jog3.(1+0)
=3**2 log 3 =log 3 (3**?).
8. Solution:

Lety =log (1 +6) and u =sin*6.
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CONTINUITY AND DIFFERENTIABILITY

ﬂ__l and -’Ez 1
dd 1486 do h_gz
dy  dylde
du duldb
1
1+86 -6
il W \(1+e
1-8°
9. Solution:

Herey =x*...(1)

Taking logs., log y = log x*

= logy=xlogx.
Differentiating w.r.t. x, we get:

1 dy _
S =x 1x + logx. (1)

=1+logx.
Hence, 2 =y (1 +log x) d
ence, ——=y og x) dx

=x* (1 + log x). [Using (1)]

10.Solution:

The given series can be written as:

y=4/2"+y

Squaring, y?=2*+vy

= yi—-y=2%

Diff. w.r.t. x, (2y -1) % =2"log 2.
Short Answer:

1. Solution:
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—-x, ifx<0

By definition. 7 =
y definition, f (x) {x,if.xz{].

im_roy = lim ()

=0 x=0

lim (—(0—h))
h=+0

I

= lim (k) =0.
lim f(x)= lim (x)
x=0" x—=0"
s }i_rg}] (0+h)
= lim ”1:! =0
h=D

Also f0) = 0.
Thus lim Ax)= lIm £ =7(0).
x—=0 x=0
[ Each = 0]
Hence ‘f’ is continuous at x = 0.
2. Solution:
We have : f(x) =x+1...(1)
~ fof(x) = f (f(x)) =f(x)+ 1

=(x+1)+1=x+2.

:—x (fof)(x).) = % (x+2)=1+0=1.

3. Solution:
Let y= tan” Ccosx—sin x
Cosx+sinx
tan'] l_tﬂnx
- 1+ tan x

[Dividing num. & denom. by cos x|
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:m-l[m[g_x]) - X

Differentiating (1) w.r.t. x,

'di 1
= T
4. Solution:
(1+cosx
Let ¥y = tan™ .
, sinx
( 2cos’ &
= tan’ 2
Zsmfcnsf-
\, 2
T ;
= tan” kco‘t'z‘
/ ‘
= tan™! mn[lr._i)] oy E_f
L 2 2) 2 2
dy
s = = 0= 1 - l
dx 2 2
5. Solution:

The given differential equation is:

(tanty—x) dy=(1+y?) dx

1

d‘t A Yy -
= — == Linear Equation
dy i3 .1+1y2 1+y2? qauey
I':=ejlwr2 = etan 'y
6. Solution:

13

51+12\"1—sz

We have : y = sin'll
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CONTINUITY AND DIFFERENTIABILITY

12
= gin™' x + sin 13

[ .;in"A+ sl'n"'E = sin™' (AV1 ‘Bz + By1-A%)]
M-«:l

+ﬁ-
dt 1-x*

7. Solution:

y 6:;@]

We have ; y = Sil [ 5

i
(3307

\

— sin™’ {2 x). %-:- 1—(2:4:)’)

( 2
-1 (2x) 1{%) —(%)JI—(Z::}’]
\

_ sin

= sin”' (2x) —sin™ T

2
__#__ T R
Hence, |- @2 .2 1— 4x

8. Solution:

‘-v' = '{X -+ m}ﬁ ':‘
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CONTINUITY AND DIFFERENTIABILITY

. % = nfesdiral]”
A ra)

dx

= ?I{.I+‘\‘.Iz +ﬂ3 }"-! .

1
1+ —— (2x+ 0)
I: Wit +a’ ]

n-l qul.]}.'2 +ﬂz + X
=n{x+\!x1+az} [W}
H{x-l""«frz'l'ﬂz}m ny
) V2P +at - IR+t

(Using (1]

which is true.

Long Answer:

1. Solution:
lim f(x) = lim asin=(x+1)
oo T R
lim asin - (0 -k +1)
- hl_l;[é.'ﬂs 2
.
= asin—{(0-0+1)
2
asinn 1
= — =agl=a
2
: S —-sinx
lim f(x) = lim _a_nx_s___
=0t x=0" X
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CONTINUITY AND DIFFERENTIABILITY

tan (0 + h) —sin (0 + h)

= lim
T k=D (0+ h}-‘
tan h—sin h
= lim —————
=0 -
lim sinh 1—cosh 1
T W cosh
.o h
: 2sin” —
o sin h i
B0 k=0 h2
. 1
lim
k= eos ki

LT 2
=12£1_:£ ; tp
2
| I
=1.={l)y.- = —.

2{)] 2

Also f(0) = a sin /2 (0+1)
=asinm/2=2a(l)=a

For continuity,

lim, o f(z) = lim, o+ f(z) = £(0)
=>a=1/2=a

Hence,a=%

2. Solution:
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CONTINUITY AND DIFFERENTIABILITY

‘3
lim f(x)= lim 250X
it o " 3cos”x
l-sinj(%-ﬂh]
= lim

- 1-cos’ A
k=0 3sin’ h
. (1=cos k) (1+cos” h+cos h)

— lim -
h=0  3(1-—cosh)(l+cosh)

mi+mszh+msh
k=0 3 (14 cos h)

1+1+1
31+

B3 |

].iITl.‘ f(x] = Tim q {]: — sin I]
sl L (m—=2x)°
2

1—cosh
fim q (1 —cos J1
k=0 (£ — 1 — 2h)

. g(l—cosh)
o 4h*
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Also f(3,)=p

For continuity lim
- A

-~ f(z) = lim_ .- f(z)

1 __9._
=3=3"P
Hencep=1/2andq=4

3. Solution:

lim £(x) = lim V1+kx — V1 ks

s X

i Wk —T=k)(V1+kx +1-kx)
T x(¥14kx + /1 - kx)
[Rationalising Numerator]

(1+ kx) ~ (1= kx)

=lim —————
I—E*]' 1+ kx ++1-kx)

4 2hex
= lim —
=0 x(yf1+ kx + /1 - kx)

. 2%k
= lim e [ x #0]

=0 1+ kx + V1 kx

lim f(x) = fim 2x+1 5 2{ﬂ+h]+1
0 =0 x—1 0 (0+h)—1

_20+1_1_ .

T oop-F -1
200+1 1

Albof) = =oy ol

For continuity lim,_,o- f(z) = lim,_,o+ f(z) = £(0)
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CONTINUITY AND DIFFERENTIABILITY

Hence k =-1
4. Solution:
limx=1 - f(x) = limxs1 — (3ax +b)
= limnhso (3a (1-h) + b]
=3a(1-0)+b
=3a+b
limxs1 + f(x) = limxsa + (5ax - 2b)

= limhso [5a (1+h) — 2b]

=5a (1+0) - 2b
=5a-2b
Also f(1) =11

Since ‘f’ is continuous at x = 1,
s limyst = f(x) = limyosr + f(x) = (1)
=>3a+b=5a-2b=11.

From first and third,
B3a+b=11.......... (1)

From last two,
5a-2b=11.......... (2)
Multiplying (1) by 2,
6a+2b=22......... (3)
Adding (2) and (3),

11a =33

=>a=3.

Putting in (1),
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CONTINUITY AND DIFFERENTIABILITY

3(3)+b=11

=>b=11-9=2.

Hence,a=3 and b = 2.
Case Study Answers-
1. Answer:

(3% +2xy+y°)
x2+2xy+3y>

i. (b)
Solution:
d d | d
=3 +x>F +2xy+ 2xyF +y> +3y° ¢ =0
= (x* —}-2xy—!—3y2)%x31 = —3x? - 2xy — y*

dy _ —(3<+2xy+y’)
dx 2 42xy+3y°

=2

; x—y
I ) x(1+log x)

Solution:

X =e*Y =3 ylogx=x—y

1 dy _ dy
yx 3 +logx- =N £

= gi—[logx—l- 1] =1—%

dy  x-y
= dx — x[iHog3]
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y

B 3 x(ycosy—1)

Solution:

eS®Y — xy = siny = logx + logy

dy _ 1, 1dy dy 1| _ 1
=Y = = +§E = Ty — = l=g
dy y
= dx — x(y cos y—1)
v @
Solution:
sin® x + cos? y = 1

= 2sinxcosx+2cosy( —siny%) =

= &= ok =
y_"_}

V) x(2—y log x)

Solution:

y = (VE)VEo =y f/x)
=y =y(log vX) = logy = +(ylogx)

dyJ1_ 1 — 17
=>dx{y 2logx}—2x
o dy _ ¥y 2y y

dx 2x (2—ylog x) x(2—ylogx)
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i (a) - Zijgﬁ
Solution:
Lety = COS /X
= 4 (cos /x) = —sin X - L (vVX)
"t dx dx dx
o . ' — sin /X
=—sinyX X 5= = —=
i (a)( == ) 73 . log 7
Solution:

ety = tx - % i _d (7’”‘%)

2

iii. (a) 5 sec 2
Solution:
1-14+2sin? X
1-cosx D) x
Lety = \/ T+cosx 9 cos? - X &1 = tan (5)
’ ——sec x ., L Lgec? X
‘e 2 T 2
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- 1 1
v. (b) 2+b? + aad
Solution:
= B 1(x 1 1(x
let y = {tan (b) + S tan (a)
ﬂ — l ped 1 X l + l b4 1 p4 l
*dx ~ b 14 22 b a 14 <2 a
. 1 1
= T I
2
(d) |11’.|\/Jc2 1
Solution:

——
vx2-1

putx =secld = @ =sec 'x

Lety = sec ! x + cosec !

x = —3 —1 sec 0
.y =sec "(sec8) + cosec (\/m2 ~ )

=@ +sin ! [s/l — cos® 9]
=0 +sin '(sinf) =0+ 6 =20 =2sec 'x
) % = 2i(sec‘1 x)&Z x

—i
EN=
_ 2

x| /-1
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