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CBSE Class 12 Mathematics Differentiation
Worksheet

Continuity & Differentiability

Q1. For what value of Ais the function defined by
f(x) = {A(x? —2x);if x< 0}
{4x+1 ; x<0}

continues at x = 0 ? what about continuity at x =1 ?

Sol.1 Continuity atx =0
LHL = (A(x%2x))
putx=0—-h=-h and h—0
LHL= (A(h? + 2h)) = 2(0 + 0)
LHL=0
RHL (4x + 1)
putx=0+h=h and h« 0
. RHL = (4h+1)=1
RHL=1
since LHL # RHL
.. f(x) is not continuous at x.= 0 for any value ofA
Continuity at x = 1
here for LHL and RHL ; f(x) =4x + 1 (same)
LHL=(4x+1)
putx=1~h.,andh — 0
LHL=(4(1-h)+1)=4+1
LHL =5
RHL = (4x+1)
putx=1+h and h— 0
RHL=(4(1 +h)+ 1)
RHL=4+1=5
f(l)y=4(1)+1
f(1)=5

f(x) is continuous at x = 1 ; irrespective of any value of A Ans.
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Q2.

Sol.2

Q3.
Sol.3.

Copyright © www.studiestoday.com All rights reserved. No part of this publication may be

Discuss the continuity of f(x) given by
f(x) = {xzsin (%) Jifx # 0}
{0 ; x=0;

x? polynomial function which is everywhere continuous

and sin(1/x) is a sine function which is also everywhere continuous
and product of two continuous function is also continuous

when x #0

f(x) = x2sin(1/x)

.. f(x) is continuous for all x # 0

continuity at x =0

LHL = (xzsin G))

putx=0-h=-hand h—0

LHL = ((— h)2.sin (_71))
- (—hz.sin (%))
- (—hz.sin (%))

= Osin (%) = 0 X (an oscillating number between -1 and 1)

LHL=0

similarly RHL =0 (Do Yourself)
and f(0)=0

.. LHL=RHL~= f(0) =0

.. f(x) is alsoreontinuous at x =0

.. f(x)1s.continuous everywhere (or) there is no point of discontinuity.  (Ans)
Prove that the function f(x) =| x -1 | € R is not differentiable at x = 1.

We have f(x) =|x—-1] = {(x-1) ; x>1}
=1 x<I}

LHD - [fe—f®

| x—-1
[—(x—1)—(1-1)
x-1
[—(x-1)
| (x—1)
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LHD = (1)
=LHD=-1
f(x)—f(l))

x—1

RHD=(

_ ((x—l)—(l—l))

x—1
_ (@)
(x=1)
RHD = (1)
. RHD =1
- LHD # RHD .. f(x) is not Differentiable at x = 1 Ans.

Q4.  Prove that the greatest integer function f(x) =[x] ; 0 <x <3 isnot differentiable at x =1 and x =

2.

Sol.4. Wehave f(x)=[x]; 0<x<3
f(x) = {0 ; 0<x<1}
{1 1<x<2}
{2 ;2<x<3
Differentiability at x = 1
f(x)—f(l))

x—1

B [0—1
x—1

putx=1-h and h—0

LHD=( 1 )
1-h-1

:(1) = 0 .. LHD=00
h

LHD=(

JECI (1))

x—1

since LHD # RHD
.. f(x) is not Differentiability at x = 1
Similarly : check the Differentiability at x = 2

Q5. Iff(x) =] x . Show that f '(x) exists for all x € R and find it.
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Sol.5 We have, f(x)=[x
=>f(x)=[x|= {x*; x=0}
= ;x<0}

fe)-f (0))

x—0
—x3—
(=)
= (2x%)
putx=0-h=-h and h— 0
~LHD=(—(-h)?) =0
..LHD=0

LHD=(

Now RHD = (M)

x—0

_ (x3—0) _ (xz)

x—0

putx=0+h=h and h— 0
~ RHD=(h?)=0
RHD =0
since LHD = RHD
.. f(x) is differentiable at x =0
. fl(x) exists and given by
fix)= {3x* ; x>0}

{-3x* x<0}
fl(x)—fl(o))

LHD = ( x—0
=(—3x)
putx=0—-h=-hand h— 0
~.LHD =(3h)=0
.. LTHD=0
Similarly RHD =0
since LHD = RHD
.. fl(x) is differentiable at x = 0
. fl1(x) exists and given by
fllx)= {6x ; x£0}
{6 ;x<0j
Q6.  Find the values of 'a' and 'b' so that the function
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f(x) {x*+3x+a ; x<1} is differentiable

{bx+2 ; x>1}

atx=1.

Sol.6. Since f(x) is differentiable at x = 1
.. f(x) is also continuous at x = 1
continuity at x = 1
RHL = (bx +2)
putx=1+h andh — 0
LHL= (b(l +h) +2)
LHL=b+2
LHL = (x> +3x +a)
putx=1+h and h— 0
~ RHL=((1+h)*> +3(1+h)+a)
RHL=1+3+a
LHL=4+a
f(l)=1+3+a=4+a
we have , RHL = LHL = f(1)
=>b+2=4+a=4+a
>b+2=4+a
=>b=2+a ceee(D)
Differentiability at x = 1

f(x)—f(l))

x—1

LHD =(

(x23x+a—(1+3+a))
x-1

_ (x2+3x+a—4—a)
B (x-1)

2435
(%)
_ ((x+4)(x—1))
(x-1)
putx=1-handh — 0
LHD=(1-h+4)
LHD =5

RHD = (bx+2—f(1))

x—1
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_ (bx+2—(4+a))
B x—1
_ (bx+2—4—a)
B x—1
_ (bx—(2+a))
x—1
bx—b
—(x_l) ....{from(l)b=a+2}
_ (b x—1))
-1
RHL=b
since f(x) is differentiable at x = 1
.. LHD=RHD
=5=b
.. b=5putin(1)
a=3 (Ans) a=3 & b=5

Q7.  Show that f(x) is discontinues at x = 0

el/*_q
f(x) {—el/x+1,x¢0}
0 ; x=0}
Sol.7 el/x_q
LiL=(5777)

putx=0-h=-h andh — 0

e”1/x_q
e—1/h+1)

_ (e‘°°+1)
e®+1

=21 L {e® =0}

LHL = (

"
[=Y

LHL=-1

el/¥_1
RiL- (575)
putx=0+h and h— 0

el/h—l)

RHL = (el/h+1

1—e~1/h
- (14-:——1/’1) .....{Divide by el/h}

_1-e™®
1+e~®
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RHL =1
since LHL # RHL .. f(x) is not continuous at x =0. (Ans)

Rolle’s And Mean Value Theorem

Q8.  Verify mean value theorem if f(x) = x* — 5x*> — 3x in the interval a=1 & b=3 i.e. [1, 3]. Find all ¢
(1, 3) for which ! (c) = 0.

Sol.8 Wehave, f(x)=x>-5x*-3x ; x [1,3]
since f(x) is a polynomial function which is everywhere continuous.
.. f(x) is continuous in [1 , 3]
Diff f(x) w.r.t. x
f1(x) =3x> - 10x - 3
clearly f!(x)exists for all x « (1, 3)
.. f(x) is differentiable in (1, 3)
The two conditions all statistical then there exists a value ¢ «— (1, 3) such that

LN FB)-f)
f'(c) ==

:>3c2—10c—3=‘72°

= 3c2-10c—3=-10
=3c?2—10c+7=0
=3c2-3c—7c+7=0
=3c(c—1)—-7(e=1)=0
c=1; ¢=7/3
clearly c =7/3 «— (1, 3)
. mean value theorem is verified
(i) given f'(c) = 0
=3c2-10c-3=0
a=3;b=-10; c= -3
C:mim

{quadratic formula}

6
10+V136
C =
6
10+11.7
>C=—
6

¢=3.6 and ¢=-0.28
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clearly both value does not belong to (1, 3)

.. there is no value of ¢ for which f'(c) = 0.
Q9. Verify Rolle's theorem for the function f(x) = V4 — x2; on[-2, 2].

SoLY  Wehave, f(x)=V4 —x2
— forall x < [-2, 2], the limit of the function is equal to the value of the function
i.e. limit f(x) =f(a) wherea « [-2, 2]
.. f(x) is continuous for all x « [-2, 2]

Differentiable f(x) w.r.t. x
1 x
iz T = s
clearly f!(x) exists for all x (-2, 2)
.. f(x) is differentiable for all x «— (-2, 2)

f(-2)=4/4—(=2)2=V4—4=0
f2) =V4—-22=+4—-4=0
L f(=2)=1Q2)

f(x) =

the there conditions of rolle's theorem are satisfied , then there exists a value

¢ (-2, 2) such that f'(c) =0

—C
Now f(C) = \/ﬁ

—C

> =0
= —=0
= c¢=0

clearly ¢=0«4-2,2)

hence Rolle's theorem is verified. (Ans.)
Q10. Discuss the “applicability” of Rolle's theorem on indicated intervals.
Sol.10 (i) f(x) =3+ (x-2)*on[l,3]
X =0+ (x—2)7/?

2
] T e——

Fe) 3(x-2)1/3

clearly f'(x) does not exists when x = 2

.. f(x) is not differentiable in interval (1, 3)

hence Rolle's theorem not applicable
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(i1) f(x)=tanx on [0 ,TT]

T
clearly tan (E) = 0
. . s
.. tan X 1s not continuous at X = E

.. f(x) is not continuous on [0 ,7T]

Hence Rolle's theorem not applicable

(i) fx)=[x] ; x < [-1,1]
f-)=[-1]1=-1
and f(1)=[1]=1
clearly f(-1) # f(1)

hence Rolle's theorem not applicable

(iv) fx)=x| ; x«[-1,1]
we have that modulus function is not Diff at x =0
.. f(x) is not Diff in (-1, 1)

Hence Rolle's theorem not applicable

) f(x)={4x+5; 0<x=<1}
{2x -3 ; 1<x<2}
here LHL=1 & RHL=-1 (Do yourself)
clearly LHL # RHL
.. f(x) is not continuous-at x = 1

.. Rolle’s theorem not applicable (Ans.)
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