Continuity and Differentiability
Part-1

Assertion-Reasoning MCQs

Directions (). Nos. 64-78) Each of these
questions contains two statements : Assertion
(A) and Reason (R). Each of these questions
also has four alternative choices, any one of
which is the correct answer. You have to
select one of the codes (a), (b), (¢) and (d)
given below.

(a) Alistrue, Ristrue; Ris acorrect

explanation for A.

(b) Aistrue, Ristrue; Risnotacorrect
explanation for A.

(c) Aistrue; Ris False.
(d) Ais false; Ris true.

64. Assertion (A) The function f(x)=3%/x
is continuous at all x except at x = (.
Reason (R) The function f(x) = [x] is
continuous at x = 299, where | | is the
greatest integer function.

65. Assertion (A) A function

f(x)—~=x2 Sinl, ifx;t()is
= X

0, if x =0

discontinuous at x = ().

Reason (R) The function
sin x —cosx, ifx=#0

f(x):-: 1 ifJC:OlS

continuous for all values of x.

66. Assertion (A) f(x)is continuous at
x = a, iff lim f(x) exists and equals to
f(ﬂ). X—>
Reason (R) If f(x)is continuous at a

: | .
point, then — —is also continuous at the

/(%)

point.
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67.

68.

69.

70.

1.

12.

sin TTX, x <1
flx) =4 0, =]
—gin(x—1) Lo
S
Assertion (A) f(x)is discontinuous at

x=1

Reason (R) f(1)=0.

Assertion (A) The function
2 H'x<Q

f(x) =10,

4x, it x > 1

if 0 <x <l1is continuous

everywhere except atx =1.

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

X+ T, for x € |-m, 0)

==

1 (x) =qmcosx,

for x € | 0, s
2_

(x E)g f xe(n :ﬂ:]
—— | , for oty
i ), 2

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

Reason (R) The function f(x)is

continuous at x = 1w/2.

Assertion (A) The function
f(x) =|cos x| is continuous function.

Reason (R) The function f(x) = cos||

is a continuous function.

Assertion (A) The function defined by

f(x) = cos(x*) is a continuous function.

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

f(x) =[x =1+ x — 2|, where [-] denotes

the greatest integer function.

13.

74.

1.

76.

1.

78.

Assertion (A) f(x)is discontinuous at

p=2

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

Assertion (A) f(x)=|x—3|is

continuous at x = ().
Reason (R) f(x)=|x—3|is
differentiable at x = 0.

Assertion (A) Every differentiable
function is continuous but converse is
not true.

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

Assertion (A) If f(x) = M +4,

cos(ex +d)’
then /7 (x) = acos(ax + b)sec(ex + d)
+ ¢sin(ax + b)tan(cx + d) sec(¢x + d)

Reason (R) If £(x) = -, then
[,

) ou’ —uv’
[ x)=—=
)
: d sin X sin X
Assertion (A) — ¢ = ¢ (cos x)
dx
Reason (R) = e’ =e”
¢ =
| i = Vx
Assertion (A) — (We¥' ) = —.
dx 4 xgwfﬁf
Reason (R)
d 1
— |log(log = 1
7 logllog()] =~ x>
Assertion (A) If f(x) =log x, then

' 1
f (I) = — R
Reason (R) Ify = x° log x, then
dzy

E =.?C(5+610g%)
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64. (d) 65 (d) 66. (¢) 67. (d 68 (a) 69. (b) 70. (b) 71. (b) /2. (b) 73. (b)
74. (c) 75. (@) 76. (@ 77. (b)) 78. (b)

SOLUTION

64. Assertion Given, f(x)=vx or f(x)=(x)""

Now, we check the continuity of the function

at x =(.
LHL= f(0-0) = }!inéf(ﬂ—-h)
= lim(0-4)'"
h—0
=(0_O)l#’3 —:{

RHL = f(0+0) = lim (0 + &)

= lim(0 + p)YY =(0+0)77 =0

and [f(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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L7 -
65. Assertion Here, f(x) = b S 2
0, if x=0

LHL = lim f(x)= lim x” sin l

x— 0 x— 0 X

Putting x=0-/Aasx—> 0,7 > 0

s lim (0 = A)* sin LI . lim | — 47 sin .
h— 0 0O-n5h hi— O h

if x#0

- sin(—0) = — sin 0]

=—() X sin (o)
= — () x (a finite value between —1 and 1)
=(
RHL= lim f(x)= lim x° :5111l
x— 07 y— 07 X

Putting x=0+ h,asx— 0", A = 0

lim (0 + £)* sin( : ]z lim A* sin%

h— 0 0+ h h— 0
= () X sin ()
= ( X (a finite value between —1 and 1)
= {)

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

sin x —cos X, Ifx #0
Reason Here, = .
ere, f(x) { 1 —

LHL = lim f(x)= lim (sin x —cos x)

x—0 x—0

Putting x=0-Aasx— 0" when/ — 0
S lim [sin(0 = &) —cos(0 — £)]

h—
= lim (—sin & —cos &)
h— 0
S T P
RHL= lim f(x)= lim (sinx —cos x)
x— 07 x— 07

Putting x=0+ has x— 0" whenh — 0
oo lim [sin(0 + A2) —cos(0 + 2]

f— 0
= lim (sin/& —cos /)
h— O
=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 x > 0,
[(x)=sin x —cos x is also continuous.

Hence, f( ) is continuous for all values of x.

66.

67.

68.

Assertion We know that,
If f(a)=lim f(x), then f(x)is continuous at

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

1
is not necessary that
J (%)
that point.
e.g. f(x) = xis continuous at x = 0 but
1

f(x) == is not continuous at x = 0.

X

sin mx, X <l

Assertion f(x) =< 0, x=1
~ sin{x —1)

:.x':::-l

X

Also, LHL = lim f(x)

x—1

= lim £(1— %) = lim sin(n — A
lim f(1—#4) = lim sin(n —7k)

- }Ein{} sin(mA) =sin 0 =0

RHL = lim f(x)

=17

= lim f(1+ &)

h— ()
. —sin(l+ A2 -1)
= lim
h—0 (1+4)

sin /1

= —lim = ()

h-0 1+ A
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.
2x, if x<0
Assertion Here, f(x) =20, if0<x <1
4x, if x>1
For x <0, f(x) =2x;0< x <1, 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 =10,
LHL = lim f(x)= lim (2x)

x—0 ¥—0~

is also continuous at



69.

Puttingx=0-hasx—> 0,h > 0
S im [0 - A)|=1im (-24) =—-2%x 0 =0,

h— () hi—0
RHL = lim f(x)= lim (0)=0
=07t =07

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 x—17

Putting x =1+ A as x — 17 when 4 — 0

RHL = lim 4 (1 + /) = Lim (4 + 44)
h—0 h—0

=4+4x0=4
Y EHL#RHL.

Thus, f(x)is continuous everywhere except at
x =1.

Assertion LHL = lim f(x)

0

=lim(x+mn)=m

x—0
RHL = lim f(x)=lim 7 cos x
207" =0
= fteog(0)=x

Also, f(0)=mcos(0)=m
Hence, f(x) is continuous at x = (.

.. Assertion is true.

T
Reason Now, for x = B
LHL = lim f(x)= lim mcosx
/92 X—m/2
T
=TT COS 5 = ()

RHL= lim f(x)= lim (x—ET

r—om/27 X /2

r om)
(2 E) —n

(2 2}
A]sn,f(%)=ncns£=0

2

Hence, f(x) is continuous at x =

n
2

.. Reason is true.

70. Assertion We have, f(x) =|cos x|

cosx, x#0

= <

Continuity at x =0,
LHL =lim f(0—4%) = limcos(0—4) =cos 0 =1

h—0 N
RHL = }Ilﬂéf(g +h) = EH}]CDS (0+4)
= limcosh =cos (0 =1
h— 0
and f(0) =1

s 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, x=0

cos(—x), x<0

cosx, x>0
— 4

cosx, x<{(

=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 =c,

LHL = limcos (¢ —%)* =cos¢”
h—0

RHL = limcos(¢c+ £)? =cos ¢*
h—0

and f(c) =cos ¢’

. LHL=RHL = f(c)
So, f(x)is continuous at x = c.
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.

72. Assertion

LHL = lim f(x)= yjréf(ﬁ—ﬁ)

x—2

— lim[2-h —1]+|2- & 2|

h— ()
=};i_l>%[l_ﬁ]+ |—h|= }'B&(UM) =0
and f(2) =[2-1]+|2-2|=[1]+ 0 =1
LHL # f(2)

= f(x)is discontinuous at x = 2.



73.

74.

Reason and RHL = lim f(ﬂ T h) —f('[})

; 2-—};)—f(2] h—07 f
L5 ) = f
/e i —h =lim|0+hl_0=lim E=l
_ i 2= 11+ |2-h—91-a-11{2-2] WO 0" B
h—0 —/ Here, LHD # RHD, hence f(x) is not
| —1- . {1 it =),
s Ticos 0+42-1-0 -+ lim |1 4] = 0] con IHUUlllb at x
50 —h h—0 75. Let y— sin(ax + b)
= ]im(l -—l) = —oo (not defined) SRR + &)
=0\ On differentiating both sides w.r.t. x, we get
. f(x)is not differentiable at x = 2. dy _ d (sin(ax + b)
Hence, both Assertion and Reason are true dy  dw! cos (ex + d)
and Reason is not a correct explanation of J
Assertion. cos (¢cx + d) E{sin (ax + b)}
_ x—3 =x23 d
Assertion - f (x)=|x—3|= 3 x x<3 i — sin (HJE+:5‘J£CBS(WC+CZJ
LHL= lim f(x) = lim f(0- ) [cos(ex + )}
x— 0 =

|by quotient rule|
= lim(3+ ) =3 3

Fagum cos (ex + d) cos (ax + b)(a + 0)
RHL = lim f(x)=lim f(0+#A) _ + sin(axfr b) sin (cx + d) (¢ + 0)
:~:—.~}U+‘ f!(-?'fi' cos’(¢cx + d)
= lim(3-4)=3 "by chain rule, “
and {}[10131 =§;;£= :}(0) % sin(ax + b) =cos(ax + b) %(ﬂx +b)
— — ==
So, f(x)is continuous at x = 0. =cos(ax +b) x{a x1+0)
Reason Now, mﬁ;f}?ﬂ) . dims(ﬂr+cf):—sin(ax+d)%(£x+d)
| — (0 - X
=£1_% A i =—sin(ex+d) x(c x1+ 0) |
=lim3_[i_k)=l acos(cx + d)cos(ax + b) + ¢ sin (ax + b)
50 sin (¢x + d)
, _ O0+ha)— /(0 = 1-
and RHD = f (0+)=}£[}f( h) L) cos” (cx + d)
344 -3 _acos(ex + d) cos (ax + b)
:ﬁfé A = cos® (ex + d)
= LHD=RHD N ¢ sin (ax + b) sin (¢x + d)
.. f(x) is differentiable at x = 0. cos® (ex + d)
Hence, both Assertion and Reason are true. _acos(ax+b) c¢sin (ax + b)sin (¢cx + d)
Assertion It is a true statement. cos (¢cx + d) cos (ex + d) cos (ex + d)
Reason We have, f(x)=|x| =a cos (ax + b) sec (cx + d)
At x = (), + ¢sin (ax + b) tan (¢ex + d) sec(ex + d)
ILHIL = li[‘l‘{ f(U _i‘)&_ f(U) 76. Assertion Let y= Eﬂmx*
s Using chain rule, we have
= lim | 904
0" —h I e™* - (cos x)
e 1 }3 — -] dx :
e I Ll =cosxe "




Reason @ (e*) =¢". d(x)
dx dx

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

77. Assertion Let y = (E’J;)UE
On differentiating both sides w.r.t. x, we get

dy _ 1( )——df

—e¢*x]l=¢"

dx 2 dx
1
dy .« 2 =
=~ =—("") 2" —
D) dx(“)
cfy lﬂ'”i_ v i_

R 2( AAR/T' Nm

Reason Let y = log (log x)

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

dy—in ﬂx:l dﬂ‘x
——dxil g (log x)) lﬂgx{dx(lg )}

dx

dy 11 1
— == : = }.T}l
dx logx x «xlogx

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

78. Assertion Let y =log x

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

g _1

dx x

2 S
and M=d (l)=—l

de?  dx \x x*

Reason Let y= xS log x

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

dy_ﬂr 3
dx_dr(x log x)

X" fi(]ﬂg x)+ log x%(xﬂ)

= i3 (i) + (log x) (32)

X

x° (1 + 3log x)

lusing product rule]

e {x? (1+ 3log x)}

= x* ({) + é) + (1 + 3log x) (2x)
X

=3x + 2x (1 + 3log x)
=x (5+ 6 log x)
Hence, both Assertion and Reason are true,

but Reason is not the correct explanation of
Assertion.



