Continuity and Differentiability

Assertion & Reason Type Questions

Directions: In the following questions, each question contains Assertion (A) and
Reason (R). Each question has 4 choices (a), (b), (c) and (d) out of which only one is
correct. The choices are:

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

b. Both Assertion (A) and Reason (R) are true but Reason (R) is not the correct
explanation of Assertion (A)

c. Assertion (A) is true but Reason (R) is false

d. Assertion (A) is false but Reason (R) is true
Q1.

Consider the function f(x)=[sin x], x €[O0, «].

Assertion (A): f(x)is not continuous at x = g

Reason (R): Llim ) f(x) does not exist.

x—>n/

Answer : (c) Assertion (A) is true but Reason (R) is false
Q2.

1/x
Assertion (A): f(x) = x( 1 i ew ] (x = 0), f(0)=0

is continuous at x =0.
Reason (R): A function is said to be continuous at a
if both limits are exists and equal to f(a).

Answer : (a) Both Assertion (A) and Reason (R) are true and Reason (R) is the correct
explanation of Assertion (A)

Q3. Assertion (A): f(x) = | log x | is differentiable at x = 1.
Reason (R): Both log x and -log x are differentiable at x = 1.

Answer : (d) Assertion (A) is false but Reason (R) is true
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Q4.

2 >
Consider the function f(x) —{ x5, x=1

x+1, x<1

Assertion (A): f is not derivable at x =1as

lim f(x)= lim f(x).

x—>1 x—>1"
Reason (R): If a function f is derivable at a point
‘a’, then it is continuous at ‘a’.

Answer : (b) Both Assertion (A) and Reason (R) are true but Reason (R) is not the
correct explanation of Assertion (A)

Q5.
Assertion (A): If e + log(xy)+ cos(xy)+5=0,
then &y =¥
dx X
Reason (R): LS (xy)=0 = dy _J
dx dx x

Answer : (a) Both Assertion (A) and Reason (R) are true and Reason (R) is the correct
explanation of Assertion (A)

Qeé.

Assertion (A): di {tan"! (sec x + tan x)}
X

= LS {t:ot_1 (cosec x + cot x)}, x € (0, Ej
dx 4

Reason (R): sec? x —tan? x =cosec’x — cot? x

Answer : (b) Both Assertion (A) and Reason (R) are true but Reason (R) is not the
correct explanation of Assertion (A)

Q7.
. d 1
Assertion (A): For x <0,— (In| x|)=——
dx X
Reason (R): For x <0,| x|=—x

Answer : (d) Assertion (A) is false but Reason (R) is true
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Q8.

Assertion (A): If y=log,, x +log, x, then
dy _ log,, e . 1

dx X X

log x

log10

d
Reason (R): dx (log,, x) =

log x
loge ’

and a (log, x)=
dx

Answer : (c) Assertion (A) is true but Reason (R) is false

Q9.

Assertion (A): If y:‘—j‘;u4 and u=§x3+5, then
dy 2 5. 3 3

—=—x"(2x" +15)".

dx 27 @ )

Reason (R): If y is a function of v andv is a function
dy _dy dv

of x,then .
dx dv dx

Answer : (a) Both Assertion (A) and Reason (R) are true and Reason (R) is the correct
explanation of Assertion (A)

010 Assertion (A) The function f(x)=3/x

is continuous at all x except at x = 0.
Reason (R) The function [(x) =[] is

contintinne at v = 9290 whara [ 1ic the

011

012
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sin X, x <1
Sflx) = 0, =1
—Sil'l(x—l) x>1

x 2

Assertion (A) f(x)is discontinuous at

x=1

Reason (R) f(1)=0.

Assertion (A) The function
2x, if x <0

flx) =10, if 0 < x <1is continuous
4x, if x >1

everywhere exceptatx =1.

Reason (R) Polynomial and constant
functions are always continuous.

X+, for x e [-m, 0)

J(x)=qmcosx, forxe [0, ;]

(x RJQ fi xe(n Tt]
& " R
| 2)"° © 1

Consider the following statements
Assertion (A) The function f(x) is
continuous at x = 0.

Reason (R) The function f(x)is
continuous at x = /2.

Assertion (A) The function

f{x) =|cosx|is continuous function.
Reason (R) The function f(x) = cos|x|

is a continuous function.

Assertion (A) The function defined by

Fla) = cos(x”) is a continuous function.

Reason (R) The sine function is
continuous in its domain i.e. x € R.

[(x) =[x =1+ x — 2| where [] denotes
the greatest integer function.

=X

Assertion (A) f(x)is discontinuous at

=2
Reason (R) f(x)is non derivable at
x=2

Assertion (A) f(x)=|x—3|is
continuous at x = 0.

Reason (R) f(x)=|x—3]is
differentiable at x = (.

Assertion (A) Every differentiable
function is continuous but converse is

not true.

Reason (R) Function f(x) = |x |is

continuous.

Assertion (A) If f(x) = M,
cos(ex + d)

then f(x) = acos(ax + b)sec(cx + d)
+ ¢ sin(ax + b)tan(cx + d) sec(cx + d)
Reason (R) If f(x) = ¥ then
v
o —uw’

f,(X)— 9

v
Assertion (A) cfx ¢S ¥ = ¢f0% (cogx)
Reason (R) L] ¢* =¢*

dx

Assertion (A) %( %)= i

Reason (R)

< logflog()] = 51

xlogx’

Assertion (A) If f(x) = log x, then

" 1
&) =——n,
fiw=——0
Reason (R) Ify=x" log x, then
d?y

w =x(5+610gx)
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A R 1/~

10.(d)  11..(d)  12.(c)

~ Assertion Given, f(x)=%x or f(x)=(x)'"?
Now, we check the continuity of the function
at x =0.
LHL = f(0-0) = lim f(0-#)

= lim(0— )"
h—0
=(0-0)"* =0

RHL = f(0+0) = lim £(0+ £)

=lm(0+ A)"? =(0+0)° =0
=0

and £(0)=(0)"" =0

'+ LHL = RHL = £(0)

So, function is continuous at x = 0.

Reason Given, f(x) =[x], which is greatest
integer function.

We know that, the greatest integer function is

continuous for all x except integer values of x.
So, f(x) =|x]is continuous at x = 2.99.
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PR 0
~~ Assertion Here, f{x)= = Sm;’ £ &5
0, if x=0
LHL = lim f(x)= lim 2% sin l
x>0 =0 X

Putting x=0-Akasx—> 0, k> 0

o lim (0 - A)* sin( L ]= lim (—hg sin l)
h—= 0 0-*k h— 0 h

[~ sin(—8) = —sin B]

=0 xsin {o)
=—0 x(a finite value between —1 and 1)
=0
RHL= lim f(x)= lim x? sinl
x—o0t xo0F X

Putting x =0+ h,as x = 0", A = 0

= lim %2 sin l
h

lim (0+4)? sin [

A0 0+ 4 h— 0
=() xsin (o)
=0 x (a finite value between —1 and 1)
=0

Also, f(0)=0
LHL = RHL = f(0).
Thus, f(x) is continuous at x = 0.
inx— Lifa #0
Reason Here, f(x) = {Sm x_LCOS . ifi _0
LHL = lim f(x)= lim (sin x —cos x)

x—0" x—0"
Putting x=0-hasx— 0" when’ — 0
I}im [sin(0 — &) —cos(0 — £)]
- =h]in}](fsinkfcosh)

=0-1=-1
RHL= lim f(x)= lim (sin x —cosx)
r— 0t x—= 07

Putting x=0+ has x— 0" whenk — 0
hlm}) [sin(0 + &) —cos(0 + &)]

= lim (sin & —cos &)
h—0

=0-=1=-1
Also, f(0)=-1
LHL = RHL = £(0).
Thus, f(x)is continuous at x = 0.
We know, when x <0, f(x)=sin x —cos x is
continuous and when & > 0,
f(x) =sin & — cos x is also continuous.

Hence, f/(x) is continuous for all values of x.
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»~ Assertion We know that,
If f(a) = lim f(x), then f(x)is continuous at

x = a, while both hand must exist.
Reason If f(x) is continuous at a point, then it

is not necessary that is also continuous at

that point.

e.g. f(x) = xis continuous at x = 0 but

1
f(x) == is not continuous at x = (.
i

sinmx, «x <1

~ Assertion f{x)= 0, x=1

Csin(x-1) oy

X

Also, LHL = lim f{x)

x—1"
= li 1-4) = lim si -nh
lim £{1-A) = lim sin{x ~
= limsin(nk) =sin 0 =0
h—0

RHL = lim f(x)

y17

= lim f(1+4)

—sin(1+ 4 -1)
im-——
b0 (1+4)

and f(1)=0
LHL =RHL= /(1)
= f(«) is continuous at x =1.
. Assertion is false.
Reason It is clear that f(1) =0
.. Reason is true.
2%, il x<0
~~ Assertion Here, f(x)=1 0, if0<x<1
4x, if x>1
For #< 0, f(x) =2x0<x <], f(x)=0and
x>1, f(x) = 4x are polynomial and constant
functions, so it is continuous in the given
interval.

So, we have to check the continuity at x =0
and 1.

At x =0,
LHL = lim f(x)= lim (2x)

x—0" —07
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Putlingx=0-hasx— 0,2 — 0
};mﬂ[?(()—h)]:};mn[—?ft):—ZxO:(),
RHL = lim f(x)= lim (0)=0

ot =0t
Also, £(0)=0
LHL = RHL = £(0)
Thus, f(x) is continuous at x = 0.

At x=1,

LHL = lim f(x)= lim (0)=0,
x—1" x—1"

RHL = lim f(x)= lim (4x)
217 =1t

Putting x =1+ A as x— 1" whenk — 0
RHL = lim 4 (1 + &) = lim (4 + 44)
A—=0 h—0

=4+4x0=4
- LHL # RHL.
Thus, f(x)is continuous everywhere except at
&=l

Assertion LHL = lim f(x)

07

=lim(x+n)=n
x—0

RHL = lim f(x)=limmcosx

0% =0
=ncos(0)=n
Also, f(0)=mncos(0)=n
Hence, f(x) is continuous at x = 0.

. Assertion is true.
T

€

Reason Now, for x =

LHL = lim f(x)= lim mcosx

x—u/27 *m/d
n
=Tt COS E =10

RHL= lim f(x)= lim [x-“T

xams2*t x> /2 2

r n)
I
(2 2)
Also,f(g)=ncosz=0

Hence, f(x) is continuous at x = n

«

.. Reason is true.

=X

~~ Assertion We have, f(x)=|cos x|

_|cos x, x=0
_{ L, x=0
Continuity at x =0,
LHL = lim f(0—#%) = limcos(0—A) =cos 0 =1
) )

RHL= }Iimof(0+k) = }Iingcos (0+4)
=limcosh =cos0 =1
A0

and f(0) =1

+ LHL =RHL = £(0)

So, f(x) is continuous at x = 0.

Hence, f(x) is continuous everywhere.

Reason We have, f(x) =cos| x|
_ ) cosx,  x20
- {cos(—x), x<0

cosx, x=0

a {cos x, x<0
=cosx, x€R

But cos x is always continuous in their domain.

Hence, f(x) is continuous everywhere.

Hence, both Assertion and Reason are true,

but Reason is not the correct explanation of

Assertion.

Assertion We have, f(x) =cos(x*)

At x =g,

LHL = limcos (¢ —/)* = cos ¢?
)

RHL = limcos(c+ ) =cos¢*
=0
and f(c) =cos¢”
- LHL =RHL= f(c)
So, f(x)is continuous at x = ¢.
Hence, f(x) is continuous for every value of x.
Hence, both Assertion and Reason are true
and Reason is not the correct explanation of
Assertion,
Assertion
LHL = lim f(x)=1lim f(2-A)
-0

=47
= lim[2-h ~1]+ |2- % —2]
A0
=;!1_r)ré[l—h]+ |—k|=}11_1>1&[0+k)=0
and  f(2) =[2-1]+]2-2]=[1]+0 =1

LHL # £(2)
= f(«)is discontinuous at x = 2.

@’E www.studentbro.in


user
Typewritten text
Q15.

user
Typewritten text
Q16.

user
Typewritten text
Q17.

user
Typewritten text
Q18.


Reason

o f12-) = f()
1 (2)=tm L 2=H =1

—h
=1i

[0~ b1} 9k} 311 {99

and RHL = 1im J00+#) = £(0)

0" h
= lim M= lim E=l
A0t h ot R

=0 —h Here, LHD # RHD, hence f(x) is not
: o ti s at x = 0.
o M b el K] =] con 11’11.101.].‘3 at x
A0 ~h h0 Let v sin{ax + b)
~— cos(cx + d)

. flx)is not differentiable at x = 2.
Hence, both Assertion and Reason are true
and Reason is not a correct explanation of

Assertion.
- =3
»~~ Assertion - f[x)=|x—3|={;ci i<3
LHL = lim f(x)=klimof(0-—h)
x— 0" =2

= hlim(3+ h)=3

-0
RHL= lim f(x)=lim f(0+4)
x>0t h=0

= lim(3-1%)=3
=0

and f(0)=3-0=3
= LHL=RHL = f(0)
So, f(x) is continuous at x = 0.
Reason Now, LHD = 7 (07)
f(0)—f(0—A)

h
3-(3-4)

h
S0+ 4) - f(0)

=lim
h

= lim
A—0

= lim

and RHD = f*(0%) lim

3+h-3
h

=1lim 1

h—0
= LHD=RHD
- flx) is differentiable at x = 0.

Hence, both Assertion and Reason are true.
Assertion It is a true statement.
Reason We have, f(x)=|x|

At x =0,
TR = Tieg L0 AL
h—0" —}l
= lim 7| He=] -8
b0~ ~h
= lim —=-1
=0~ —h

Get More Learning Materials Here : &

(not defined)

On differentiating both sides w.rt. x, we get

dy _d (sin (ax+b)]

dx  dx (COS (ex+d)
cos (ex + d) %{sin (ax + b)}
—sin {ax + b) icos(cx +d)
dx

[cos(ex + d)*
[by quotient rule]
cos (ex + d) cos (ax + b)(a + 0)
+ sin{ax + &) sin (cx + d) (¢ + 0)
cos’(cx + d)

[by chain rule,
d | d
— sin(ax + b)=cos(ax+b) — (ax+b)
dx dx
=cos{ax + b) x(a x1+0)

icos (ex+d)=- sin(ax+d)i(cx+d)
dx dx
=—sin{ex+d) x(c x1+ 0)

acos (ex + d)cos(ax + b) + ¢ sin (ax + B)
sin (cx + d)

cos? (ex + d)
_acos(ex + d) cos (ax + b)
- cos® (ex + d)
L€ sin {ax + &) sin (ex + d)

cos?® (ex + d)

¢ sin (ax + b) sin (ex + d)
cos (ex + d) cos (ex + d)

_acos(ax + b)

cos{ex + d)
=a cos (ax + b) sec (ex + d)
+ ¢sin (ax + B) tan (ex + d) sec(ex + d)

Sl X

Assertion Let y=¢
Using chain rule, we have
L
dx

sin x

=& - (cos x)

sinx

=COS X ¢

=X
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Reason L] (e*) =¢". dz) = el =
dx dx

Hence, both Assertion and Reason are true,
but Reason is the correct explanation of

X

= x? (0+ é) +(1+ 3log x) (2x)
X

=3x+ 2x(1+ 3logx)
=x(5+6log x)

Assertion. Hence, both Assertion and Reason are true,
o~ Assertion Let y = [e‘/;)” 2 but Reason is not the correct explanation of
Assertion.

On differentiating both sides w.r.t. x, we get

1
LIS el

dx 2 dx
1
:;%%(M) ﬁ.e\’?.%(m
1 e‘rx 1 e\"; Ef;

dy g
- = — X = —

de 2 v e“’q 2x 4/ xy e"G 4\/er
Reason Let y = log (log x)

On differentiating both sides w.r.t. x, we get

dy d 1 d
= =— (log (1 = — 1
dx dx (log (log x) log x {dx (Dgx)}

e 1. 1. 1
dc logx x  xlogx’

x>1

Hence, both Assertion and Reason are true,
but Reason is not the correct explanation of
Assertion.

~~ Assertion Let y =log x

On differentiating twice w.r.t. x, we get

41

dx X

z g
sl ﬂ=i(l)=_l

dx?  de \x %

Reason Let y = x®log x

On differentiating twice w.r.t. x, we get

dy d

e (x° log x)

=x7 %(log x)+ log x% (=)

= (l) + (log x) (3x%)
x
=x% (1 + 3log )
[using product rule|

{x” (1+ 3log x)}
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also continuous in R.
Hence A is true.
R is the correct explanation of A.

- 2 . b
~~ Assertion (A): f(x) = tan?x is continuous at x = &

Reason (R): g(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 is frue.

fix) = tan® x is not defined when x
T

Therefore f{E) does not exist and hence f(x) is

not continuous at x = 5

A is false.

[E, ifx <0
~ Consider the function f(x) = ‘x |

13,ﬁx20
which is continuous at x = 0.

Assertion (A): The value of kis - 3.
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Hence R is true.
Since fis continuous at x = 0,
lim f(x) = lim_f(x)= f(0)
x—=0 x—=0
Here floy=3,
LHL = lim f(x)
x—0"
= T s
x—0" |I| x—=0" X
—k=3o0rk=-3
Hence A is true.
R is the correct explanation of A.
»~ Consider the function
W2
% +3x—10’ -
fla) = x-2
k, ifx=2

which is continuous at x = 2.
Assertion (A): The value of k is 0.
Reason (R): f(x) is continuous at x = a, if
lim f(x) = f(a).
Ans. Option (D) is correct.
Explanation:
f(x) is continuous at x = g, if lim f(x) = f(a).
= Ris true. o
lim f(x) = f(2)=k
x—2
h,m(x+5)(x—2) .

x-2
b=z

x—2

Hence A is false.

~ Assertion (A): |sin x| is continuous at x = 0.
Reason (R): |sin x| is differentiable at x = 0.

Ans. Option (C) is correct.
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Explanation: Since sin x and |x| are conlinuous
functions in R, |sin x| is continuous at x = 0.
Hencee A is truc.

| . | —sinx, ifx<0
sinx| =+ | .
sinx, ifx=0

f(0)=|sin0|=0
LHD = f(07) = fim =Sinx—0
x—0
=-1
REID = F/{0+)=lim e 0
x—={ 'y
=

Atx = 0, LHD # RID.
So f(x) is not differentiable at x = 0.
Hence R is false.

~ Assertion (A): f(x) = [x] is not differentiable at x = 2.

Reason (R): f(x) = [x] is not continuous at x = 2.

Ans. Option (A} is correct.

Explanation: f(x) = [«] is not continuous when x
is an integer.

So f(x) is not continuous at x = 2. Hence R is true.
A differentiable function is always continuous.
Since f(x) = [x] is not continuous at x = 2, it is
also not differentiable at x = 2.

Hence A is true.

R is the correct explanation of A.

~ Assertion (A): A continuous function is always

Aifforontiahlo

Reason (R): A differentiable function is always
continuous.

Ans. Option (D) is correct.

Explanation: The function f(x) is differentiable at
x = g, if it is continuous at x = 2 and

LHD =RIDatx = a.
A differentiable function is always continuous.
Hence Ris true.
A continuous function need not be always
differentiable.

For example, | x| is continuous at x = 0, but not
differentiable at x = 0.

Hence A is false.

~ Assertion (A): If y = sin! (6xV1-9x%), then

dy___6
dy  \1-9x2
Reason (R): sin™ (6xv1-9x%)=3sin™(2x)

Ans. Option (C) is correct.

Explanation:
put  3x =sin® or B=sin" 3x
y =sin~ (6xv1- 9x%) = sin” (sin 28)
=26
=2sin™' 3x
dy 6
dx  \J1_gx?
A s true. Ris false.
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