UNIT-III : CALCULUS

Term-i

CONTINUITY &

DIFFERENTIABILITY

» Continuity and differentiability, derivative of composite functions, chain rule, derivative of inverse
trigonometric functions, derivative of implicit functions. Concept of exponential and logarithmic

functions.

» Derivatives of logarithmic and exponential functions. Logarithmic differentiation, derivative of
functions expressed in parametric forms. Second order derivatives.
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Q.1.If f(x)=2xand g(x)= %+1 then which of the

following can be a discontinuous function?

(A) f(x) + g(x) (B) f(x)-g(x)

(©) fx) 8 (i) B
Ans. Option (D) is correct.

X

2
are continuous functions, then by using

Explanation: Since f(x) =2y and g(x) =7 1

the algebra of continuous functions , the
functions flx) + g(), f(x) - g(x), fx).g(x)

X
are also continuous functions but g( ) is

f(x)
discontinuous function at x = 0.
_ 4 — x2
Q. 2. The function f(x)= -
4x —x

(A) discontinuous at only one point
(B) disconhinuous at exactly two points

(C) discontinuous at exactly three points

(D) none of these

Ans. Option (C) is correct.

STAND ALONE MCQs

(1 Mark each)

Explanation: Given that,

f(x)“ 4—x°

N dx—x°
then it is discontinuous if

f

— dx—x" =0
— :-:(4—9:2):{}
=\ x(2+x)(2—x)=0

. x=0,-2,2

Thus, the given function is discontinuous
at exactly three points.

Q. 3. The function f(x) = cot x 1s discontinuous on the sel

(A) {x=nm;neZ}

(B) {x=2nm:neZ}

() {x — (2n +1)g; e z}

(D) {xz%; HEZ}

Ans. Option (A) is correct.



Explanation: Given that,

COSX

f(x) = cotx =—
SITNL X

It 1s disconhnuous at

—_—

sitx = 0

X=HnrR,nel

Thus, the given function is discontinuous at

{x=nn:nel}.

.. T
mx +1 if x EE
Q.4.1f f(x)=+ , 1s continuous at x = —
sinx +n, if I}E
2
then
(A)m=1,n=0 (B) m:%+1
T
(C) -n=% (D) m=n==
Ans, Option (C) is correct.
Explanation: Given that,
mx+1if x < g
fix)= i
sinx+mn, if x>—
T
1s continuous funchion at x = bX then
LHL = RHL
=5 lim f(x)= Im f(x)
- +

h—=0

= ]imf[E—hJ=]imf(g+h]

h—l

2

ﬁﬁmm[%—h]+1:]jm sin (g+ﬂ:]+n

h—0

h—{)

= limm(E—h]+1=1im cos h+n

h—0 h—0
= m(E]+l=1+n
2

mm
=% n=—
2

Q.5.If y = Ae>* + Be™, then 5 A equal to

(A) 25y
(C) - 25y

dx’
(B) Sy
(D) 15y

[CBSE Delhi Set-1 2020]

Ans, Option (A) is correct.

Explanation:

Yy = Ae’ + Be™*
ay

= BbAe™* — bBe™*

dx

2

d’y

% = = DAt AR R
d-x

= 25y

2 )
Q.6. Ity =log (I—EJ, then d_g; equals

g dx
1 1
(A) -~ (B) ——
X x
2 2
C) — D) —
( ) J:‘E' ( ) xz

[CBSE Delhi Set-III 2020]
Ans. Option (D) is correct.

Explanation:

.
Given, y = log,| -
e

= y = 2log x—log ¢
— y = 2log, x—2

dx x

d’y —2
— — 2 =

dx? x?

Q. 7. The set of points where the function f given by

f(x)=|2x=1]|sin r is differentiable is

1
(A) R (B) R - {E}

(C) (0, ) (D) none of these

Ans. Option (B) is correct.
Explanation: Given that,

f(x)= |2x-1|sinx

The function sin x is differentiable.

The function | 2x —1] is differentiable, except

2x-1=0
1
= ¥ = —
2
Thus, the given function is differentiable R — {é}

Q. 8. The function f(x) = e is
(A) continuous everywhere but not differentiable at
x =10
(B) continuous and differentiable everywhere
(C) not continuous at x = 0
(D) none of these

Ans. Option (A) is correct.

Explanation: Given that,

flx)=e"



The functions ¢*and|x| are continuous

functions for all real value of x.
Since e" is differentiable everywhere but | x| is
non-differentiable at x = 0.

Thus, the given functions f(x) = e is continuous
everywhere but not differentiable at x = 0.
Q.9.Let f(x)=|sinx|, then

(A) fis everywhere differentiable

(B) f is everywhere

differentiable at x = T, n e Z.

(C) f1s everywhere continuous but not differenhable

S = D e
(D) none of these

Ans. Option (B) is correct.
Explanation: Given that,

f(x)=|sinx|
The functions |x| and sin x are continuous
function for all real value of x.
Thus, the function f(x)=|sinx| is continuous
function everywhere.

Now, | x| is non-differentiable function at x = 0.
Since f(x)=|sin x |is non-differentiable function

atsmx =0
Thus, f is everywhere continuous but not
differentiable at x = nm, n e Z.

2
Q. 10. If y:lgg{i_lz} then j—i is equal to
+ X
4x° —4 x
A B
( ) 1_x4 ( } 1—I4
1 —4x3
C D
©) 4 —x1 (D) 1—x*

Ans, Option (B) is correct.

Explanation: Given that,

= lo 1-x"
/ 5 1+ x?

= Y= ]mg(l—xz)—lﬂg(1+xz].

Ditferentiate with respect to x, we have

2 - o= & enf ]

. —2x _ 2X '
- 1-x* 1+x°

2
i (l—xz)(lJr:rg)
4
1=y

continuous but not

Q1L It y= \fsin x+y, then Y i equal to

dx
COS5 X COS X
™) 5, ®) 15,
Sin X sin x
©) 122, ® 57

Ans. Option (A) is correct.

Explanation: Given that,

y=\/5in;t:+y
=1y =sinx+y

Differentiate with respect to x, we have

= Zyd—y=c05x +d_y
dx dx
— (Zy—l)ﬁ=cnax
dx
- dy _ cosx
dx 2y 1

Q. 12. The derivative of CDS"I(sz —1) wrt. costxis
-1
241 — x°

(A) 2 (B)

2 2
(C) - (D) 1—-x

Ans. Option (A) is correct.
Explanation: Let

i =COS (2.::-:3 - 1)

E _ 4x
dx \/1— (2> -1)
du 4x

=5 =
dx  1—dx" +4x* —1
du 4x

= Y L .
dx \/—-'il;'::'*+4x‘3
du 2

= ——=—
dx 1—&"

do 1
dx 1—x?
Thuﬁ,duzz
do
dzy
Q.13.1f x = t*and y = t* then — is
dx
3 3
A) — BY
A) 3 ® >
3 3
C) — D) =
(€) 57 (D) A

Ans. Option (A) is correct.



Explanation: Given that,
x=Fandy=1¢
dx

— 2 and ﬂ::}f:l

Then,
dt dt

dy 3t° 3t
dx 2t

Z

dx* 2

@ ASSERTION AND REASON BASED MCQs (1 Mark each)

Directions: In the following questions, A statement
of Assertion (A) is followed by a statement of
Reason (R). Mark the correct choice as.

(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) A is truc but R is false

(D) A is false and R is True

Q. 1. Assertion (A): |sin x| is continuous for all x eR.

Reason (R): sin x and | x| are continuous in R.

Ans. Option (A) is correct.

Explanation: sin x and |x| are continuous in R.
hence R is true.

Consider the functions f(x) = sin x and g(x) = | x|
both of which are continuous in R.

gof(x) = g(f(x)) = g(sin x) = [sin x |.
Since f(x) and g(x) are continuous in R, gof(x) is
also continuous in R.
Hence A 1s true.
R is the correct explanation of A.

Q. 2. Assertion (A): f(x) = tan?x is continuous at x = g

Reason (R): g(x) = x?is continuous at x = g
Ans, Option (D) is correct.

Explanation: g(x) = x?is a polynomial function. It
is continuous for all x € R.
Hence R 1s true.

. : T
flx) = tan® x is not defined when x = —

T
Therefore f[E) does not exist and hence f(x) 1s

] U
not continuous at x = E

A 1s false.
E, ifx <0
Q. 3. Consider the function f(x) = * |~1“
3 ,ifx=20

which is continuous at x = 0.
Assertion (A): The value of k 1s - 3.

—x, ifx<0

Reason (R): ‘I‘ ={ < ifx>0

Ans. Option (A) is correct.

Explanation:
—x, if x <0
=1 -
x, ifx>0
This 1s the definibhon for modulus function and
hence true.

Hence R is true.

Since f1s continuous at x = 0,

lim f(x) = lim_ f(x) = f(0)

x—0 x—0
Here f(0)=3,
LHL = lim f(x)
x—=0"
LI
x—=0 |I | x—=0" —X
-k =3 ork=-3.
Hence A 1s true.
R is the correct explanation of A.
Q. 4. Consider the function
g .
X+ 3x 1[)}r £y 20
fx) =  x-2
kh ifx=2

which is continuous at x = 2.
Assertion (A): The value of kis 0.

Reason (R): f(x) is continuous at x = a, if

lim f(x) = f(a).

X—

Ans. Option (D) is correct.

Explanation:
f(x) 1s continuous at x = a, if lim f(x) = f(a).
~. R1s true. o

lim f(x) = f(2) =k

]jm(x-i-S)(x—Z) _
x—2 x—2

s Z

Hence A is false.

Q. 5. Assertion (A): |sin x| is continuous at x = 0.

Reason (R): |sin x| is differentiable at x = 0.

Ans. Option (C) is correct.



Explanation: Since sin x and |x| are continuous Reason (R): A differentiable function is always

functions in R, |sin x| is continuous at x = 0. GO
Hence A is bruc. Ans. Option (D) is correct.
_ —-sinx, ifx<0 Explanation: The function f(x) is differentiable at
‘Smx‘ B {Sin x, ifx=0 x = a, if it 1s continuous at x = a and
£(0) =|sin0| =0 LHD = RHD at x = a.
e A differentiable function is always continuous.
LHD = f(07) = Piﬂ“ y Hence R is true.
1 A continuous function need not be always
v — 0 differentiable.
RHD = (07} = h_n}}smx For example, | x| is continuous at x = 0, but not
_ T' r differentiable at x = 0.
Hence A is false.
At x = 0, LHD # RHD.
So f(x) is not differentiable at x = 0. Q. 8. Assertion (A): If y = sin™ (6:::\/ 1-9x%), then
Hence R is false. dy 6
Q. 6. Assertion (A): f(x) = [x] is not differentiable at x = 2. A \1-927
Reason (R): f(x) = [x] is not continuous at x = 2. Reason (R): sin™ (6x V1-9x%)=3sin™(2x)
Ans. Option (A) is correct. Ans. Option (C) is correct.
Explanation: f(x) = [x] is not continuous when x Explanation:
is an integer. put 3y = <in® or 8 = sin 1 3x

So f(x) is not continuous at x = 2. Hence R is true. o > G
A differentiable function is always continuous. e (6x\/1 Sl ik o

Since f(x) = [x] is not continuous at x = 2, it is =28

also not differentiable at x = 2. = 2sin~! 3x

Hence A is true. _ dy 6

R is the correct explanation of A. N dx  \J1—9y2
Q. 7. Assertion (A): A continuous function is always A is true. R is false.

differentiable.

CASE-BASED MCQs

Attempt any four sub-parts from each question. Q. 1. foglx) =
(A) sin x° (B) sin®x

(C) sin 3x (D) 3sin x
Ans. Option (A) is correct.

Each sub-part carries 1 mark.

I. Read the following text and answer the following

questions on the basis of the same:

Ms. Remka of city school is teaching chain rule to Explanation:
her students with the help of a flow-chart fog(x) i f (ng))
The chain rule says that if & and ¢ are functions and ; {(; )(xs)
f(x) = g(h(x)), then
Q. 2. gof(x) = :
F) = (g(h(x)) = ¢'(h(x)) K'(x) (A) sin 2 (B sitix
\_/ (C) sin 3x (D) 3sinx
- keep the inside by derivative Ans. Option (B) is correct.
- take derivative ~ ©f the inside Explanation:
ofoutside 8of(x) = g(f(x))
= g(sin x)

= g = x°
Let f(x) = sin x and g(x) = x sin’ x



Q. 3.

Ans.

Q. 4.

Ans.

Q. 5.

Ans.

I1.

d .3
—(sin” x) =
7\ )
(A) cos’®x (B) 3sin xcos x
(C) 3sin’x cos x (D) —cos’x
Option (C) is correct.
Explanation:
d . 3 .o d .
— (sin =3 —(s
o (sin” x) sin” x T (sin x)
= 3sin® x cosx
L} sin x” .
%
(A) cos (x7) (B) —cos (x)
(C) 3x?sin (x°) (D) 3x%cos (x’)
Option (D) is correct.
Explanalion:
— (sinx”) = cosx” — (x
o O ) o)
= 3x% cosx”
i(S_mZJr:) atx = L 15
dx 2
(A) O (B) 1
(€) 2 (D) -2
Option (D) is correct.
Explanation:
d . d
—(sin2x) = cos2x—(2x)
dx dx
= 2C0S2x
i(sian) = 20082 X~ = 2cosT
dx o 2
4
=2 (-1)
=—2
Read the following text and answer the following

questions on the basis of the same:

A potter made a mud vessel, where the shape of the
pot is based on f(x) = |x-3| + |x - 2|, where f(x)

represents the height of the pot.

[CBSE QB 2021]

Q. 1. When x > 4 what will be the height in terms of x?
(A) x -2 (B) x-3
(C) 2x -5 (D) 5 - 2x

Ans. Option (C) is correct.

Explanation: The given function can be written

as
5—-2%, ifx<?2
f(x)=141, if2<x<3
2%—B, iftx23

When x > 4, f(x) = 2x -5

Q. 2. Will the slope vary with x value?

(A) Yes (B) No

(C) Can't say (D) In complete data
Ans. Option (A) is correct.

Explanation:
2. fx<?
ff(x)=<0, if2<x<3
|2, if x >3
Q. 3. Whatis d_y atx =3
fdx

(A) 2

(B) -2

(C) Function is not differentiable

(D) 1

Ans. Option (C) is correct.

IEpraﬂatiﬂn: f(x) 1s not differentiable at x = 2 and
x = 3.

Q. 4. When the value of x lies between (2, 3) then the
function 1s
(A) 2x-5 (B) 5-2x
(€)1 (D) 5

Ans. Option (C) is correct.

| Explanation: n 2,3), fx) = 1 I

Q.5.1f the potter is trying to make a pot using the
function f(x) = [x], will he get a pot or not? Why?
(A) Yes, because it is a continuous function

(B) Yes, because it 1s not continuous

(C) No, because it is a continuous function

(D) No, because it 1s not continuous

Ans. Option (D) is correct.

Explanation: [x] i1s not continuous at integral
values of x.
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