RD Sharma Solutions Class 12

Exercise 10.1

Q1

Show that £ (x) = |x - 3| is continuous but not differantiable at ¥ = 3

Solution
Flx)=|-3
-{x=3), ifx<3
-3 ,ifxz3
fI3)=3-3=0

LHL = hm f(x)
t-}'
“A'-%f”_h]
-i:_r‘r%}-(;-h)
- im0
h=0
RHL = lim f(x)
x=3'
=AI£‘6f(3+h)
',{'ﬂ3+h'3
-0

LHL = £13) = RHL
f(x) IS continuous atx = 3
(LHD atx =3) = h’m_w
x-3 X-3
f(3-h)-f13)
i-h-3

{ 3-;3-h!-0
= fiim

A0 -h

=Im
A=0

= jpm 2
T A=0-h

--1
: f(x)-f'[.'i)
(RHD atx-S)‘ :'-’737’7
mf(3+h)~f|‘3)
Al 3+h=3
a”‘m3+h-3-0
A=0 h
. _h
=hm—
A0y
-1
(LHD atx =3) « (RHD atx = 3)

f(x) is continuous but not differentiable atx = 3.

Q2

1
Show that £(x] = %% iz not differentiable atx = 0,

Solution
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Wi

f()\‘) =X

flx)-F
(LHD atx =0) = fim tx)-r0)
x40 X =0
i A =h) - £[0)
A50 0-h-0

(-hJ3-0

= fim
A=0 =h

1 1

~113 K3
=hm( 1)3h
A0 (-1)h

2222
= lim(-1Y= h 3
Kr&( 1)3h
= Not defined
fix)-f
(RHD atx =0)= /im ) -140)
ra0t x -0
flO+h)-fF
i [10+h) - £(0)
A0 0D+h-0
1
. h3-D
= fim
A0 R

= mh?
- Not defined
since,
LHD and RHD does not 8xists atx = 0
f{x) is not differentiable at x = 0

Q3

IIZX -13, ifx<3

v 1s"ifferentiable at x = 3. Also, find 7(3).
[2¢2+5, ifx>3

Show that £ {x) -

Solution

Ch 10 - Differentiability
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12x - 13, ifx = 3
f{H]- x4 5, ifx >3
(LHD atx = 3) = fim -
=T =3
fla-k-r(3
i BRI TE)
k=il I-k-3

[12(3- A)-12]-[12(3)-13]
—h

A6 -12h-132-36+13
= im
k=0 -k
-12h

= fim
Fe=n 0

b0 =l
=12

[RHD atx = 3) = jﬂ“w

fla+R-F(3
.m x=-13
[2{3+h2]+5:|-[12|:3j— 13]
0 I+h-3

18412k +2R° £ 5326413

0 h
2k ¢ 12h
0 h

h(2h+12)

A —

=1z

=f

3

T

=4

3

5T

MHow,

(LHD atx = 3) = [RHD atx'=3)
fx) is differenbable atw = 3
fiix) =12

Q4

Show that the function defined as follows; 1S continuous atx =2, but not differentiable
(3x-2 ,0<xg1

thereat: f(x) = ox% - x , l<xs2
ISX -4 ,x>2

Solution
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=2 ,0ux=zl
.F[x]: w2 _ , lexws?
Ex -4 , ¥ 2

Flz)=2(2)"-2
=8-2=8
LHL = fim f(x)

A+T

.fﬂ:"(E—h}

- jm|[2(2-1)"- (2- )]
=8-2
=B

RHL = lim 7 [x)

a—
= fﬂf(E +h}
= im5(2+h)- 4
A=D
=6
LHL = f(2) = RHL
Fx) is continuous atx =2

[LHD atx = 2) = fm M
= X -2

i T2 R)-7(2)
B S Ry
[2(2-h)? - (2- 1] -[8-2]

kil -h
i

G-Bh+Zh - h-8&

T
hi2h=a)
F ] -h
= fim (6 - 2h)
hal

=6

. F[x}—fl:Ej
BEH = =& R T S
|: D atx 2:I r-'i'i' -2

fla+m)-7f(2

gl L

[S(2+h)-4]-[a-2]

=

ters

A= bl
=ﬁm1tl+5."?-4-6
Aol h
=5
Since,
[LHD atx = 2] # [RHD atx = 2)
So,
flzx] is continuous at x = 2 but not differentiable atx = 2,
Q5

Discuss the continuity and differentiability of the function
F{=)=|x|+[=-1]in theinterval (-1, 2).

Solution
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f(x) = |x+|x-1] in theinterval (-1, 2).

X+x+1 -1«x <0
fx) = 41 O<x<1
—x—x+ 1 lexc2

2%+ 1 ~-1<x<0
f(X): 1 OSXSI
-2x+ 1 1<x <2

Ch 10 - Differentiability

We know thaet a pdynomial and a constant funcoon is continuous and differentiable everywhere,
So, f(x) is continuous and differentiable for x e (-1, 0}, x (0, 1) and (1, 2).

We need to check contnuity and differentiability at x =0 and x = 1.

Cononuity at x = 0
MipTv =i l=2
i fla=lg1-1
f{o) -1

)Iggf(x) = Ll_‘rg f(x) = £(0)

+ f[x) 1s continuous &t x = Q.
Continuity at x = 1

im )= Lip - 4

i fl = =1

F(1) = 1

lim f(x) = lim f{x) = f(1)

- f(x) is continuous at x = 1.
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Differentability at x =0

f(x)-f(O i
{LHD at % =0)=||mM=|;mM= ||m2_x=.2
=T x-0 wmT x-0 -0 X
(RHD at x = 0} = lim F o) limit.im2.0
a0 % =~0 Wl nal ¥

. (LHD at x = 0) = (RHD &t x = 0)
So, f{x) is differentiable at x = 0.

Differentability at x = 1

(LHD at x = 1) = lim f(x)- 1) ~lim =t 0
el x -1 wat y — 1

(RHD at x = 1) = lim F(x)- (1) - ||m—2x+ 1-1 o
w1 ®=1 H—s1* x-1

(LHD at x = 1) = (RHD at x = 1)
So, f(x) is not differentiable at x = 1.

So, f{x) is continuous on (-1, 2) but not differentieble at = G, 1.

Q6

Find whether the following functions is differentiablesal
®x=1and x =2 or not:

¥, w1
Fl=)= 2-x, 1sx=2

—2+3u=-x%, K2

Solution
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X X
flx)=4 2-% 1gx22

-243x-x%, x>2

Differentnability at x = 1
i f(x)-f(i)_ lim x—1

((HDatx = 1) = -1

S | %=1 X =1

f(x)-f - - -

(RHD etk 1) = i ) i @mx=t g dex oy

x=slt x-1 x»1' x-1 %1t x—-1
» (LHD at x = 1) » (RHD at x = 1)
So, f(x) is not differennable at x = 1.
Differentiability at x = 2

. o fx)=F(2) o 2-x-0 o2-x

LH £ =Z = l = l = | =_]
s R s e i a0

2 = 3
e -2+ 3x-% 0=||m (1 x)(x 2)3-1

: Fx)-f(2)
(RHD 8t x = 2) = lim TS X -2 X=2" oo

x—sZ"

- {LHD at x = 2) = (RHD at x = 2)
So, F(x) is differentiable at x = 2,

Q7

m i X
Show that £ (x) = lx sm[;], N is differentiable at X=0, ifm> 1,
0 , =0

Solution




RD Sharma Solutions Class 12

x™ sin (l) X =0

f(x): X
] , X=0
Fix)-F
(LHD atx = 0)= fim -(x)_(o)
P x=-0
flO-M-7
= lim 9 (0)

k=0 (U—h)—U

(0-#)" sin [-_1'5] -0

= lim
h=0 -h
(-h)" sin [— -1.]
. h
=fm -
h=0 -h
= fim (~h)" " sin {- -1-]
haO h'
- firm- (-h)'”" sin [-I-J
L0 (]
= 0xk
-0
f{x)~f(0
(RHD atx « 0) = fim ——L)—(l
=0 x =0
o fgo +h! - f!U!
hal (U + h) -0
A sin (1] -0
: h
L ([ So—" A S
k=0 h
= =Y einf L]
= ;":_rzg(h )sm[hJ
= Oxk’
=0

{LHD atx = 0) = (RHD atx = D)
f(x) is differentiable atx = 0

Q8

oy ok
x*™sinl =1, 0
Show that £ {x) = [x) e

Solution

[When 15k 21]

[Sinee? - 1< k' <1]

Ch 10 - Differentiability

is continuous but not differentizble atx =0, if0<m< 1,
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LHL = lim f(x)
xal

= fim (k)" sin [- l]
A0 h

= - lim (-hY" sin [1]

b0 h

=0xk& [When -1<& <1]

=0
RHL - lim f(x)

X"U’

= hmf(0+h)
kol

: m o
- f{'.%(o"'h) sin CEL)
= ;’:_r’%h’” sm[i—]
=0xk’ [where —1<&’<1]
-0
LHL = #(0) = RHL
f(x) is continuons aty = 0
For differentiablility atx =0

-f
(LHD atx = 0) = fim T)=F(0)
xea (2 x-0

o (0=R)-£(0)
40 (0-Hh)-0

” 1
(=h)" sin (- F]
-h
- fim- [-h)”"l sin[l]
A0 h
= Not definded [Since 0<m<1]
fxy-7(0
x=-0
w iimF(045)-7(0)
A0 0+h-0
h™ sm[iJ
- —P2
A0 h
=lim (h”’")sin[-ll]
h=0 h

= Not defined [aso,m<1]

]

= i
A=0

H =0)=/
(RHD atx = 0) Jrm,

(LHD atx = @) and (RHD atx = 0) are not defined, so
f(x) is continuous but not differentiable atx = 0, whenD<m<1,

Q9

A gn|=|, x «0 . . . ) .
Show that f(x) = [x]’ is neithar continwous nor differentiable, ifm< 0,
0 s x=0

Solution
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LHL = fim f(x)
xea 0"

= lim £(0-h)
k=0

= fim (~h)" sin [- 5)
= Notdefined asm=< 0
RHL - lim f(x)
(-’0“
= lirmn {0+ h)
k=0
= fimh™ sn [1]
h=0 h
= Notdefined,asm<0
Since RHL and LHL are not difined, so f(x)} is not continuous
Letx =« 0 form £0.
Now,

EHD o m B m i ERE) =£10)

=0 x =0
fl0-h)-
- hmM
k=0 0O-H-0
(—h)’" sin (— EJ
= Ilm—h
h=0 -h
= lim- (—h)""'l sin (-1-]
haO h
= Not defined,asm< 0
RHD - Iim w
=0t x~0

f!0+h! -f!0!
-‘lm

-0 0+h-0
1
h" k.
sin h]

= hm
h=0

p LT I
- im(h’” ’)sm[ﬁ)
- Notdefined,asm< 0
Thus,
f{x) is neither continuous not differentiable atx = 0 form £ 0,

010

2 f
Find the value of @ and b 5o that the funchon 7(x) = {x -l - S

bx +2 PG | 1758 |

i5 differentiable

ateachx e R,

Solution
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ifx <1
, ifx =1
(LHD atx = 1) = ,,m_w

X1 X=1
fla-m-7(1)
T =
[(2-#)% +3(2- 1)+

2
f(x)- X°+3x+a,
by + 2

= /im
A=0

=-hm

Ch 10 - Differentiability

a]—[1+3+a]

A=0
k% -5h
—h

-k

= fim
A0

=-5

Tlx)-7(1)
fi1 i;)l— (1)
1+h-1

(RHD atx = 1) = fim
a1t

lim
A0

s [B(t+h)+2]-(b+2)

A P
b+bh+2-b-2
A0 h
=b
Since ¥ (¥) is differantiable, so
(LHD atx = 1) = (RHD atx =1)
S-b
fl)=1+3+a
=443
LHL = lim f(x)
x=1

, 2
-;‘Ln"r)(l-h) +3[1-h)%a

=4+
= hm f(x)

x41*

RHL
=fim¥(1+h)
A=0
=limb(1+b)+2
A0
=b+2
Since 7 (x) is differentiable

= f(x) is continuous
— LHL = RHL
4+a=b42
4+a=542
am7-4
a=3, b=5
Q11

| 2x

Show that the function f(x) = (,w
sin

Solution

-3)fx], ¥23
) is continuous but not differentiable at x = 1.
, X<

2
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l2x -3|[x], x21
f(x)={ x

sin | — , Xx<1
(%)

(2x - 3)[x] ., ng
f(x)=4-(2¥-3) , 1sx=%

’n’W <1
sin | —- , X

-

mlw

For continuity atx = 1
f(1)=-(21-3)=1
LHL = 'f_iﬁ?d f(x)

= Hm sin [M]
b0 2

=1
RHL =tlr_::.>}f(x)
= imf (14 5)
0
= fim- (2(1 +h) - 3)
=-1(-1)
=1

Ch 10 - Differentiability
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Since,

LHL = f(l) = RHL
So, f(x) iscontinuous atx =1
For differentiablility atx =1

f -f
(LHD atx =1)= -M
x>0 X=-1

o Er f!l—h!—l

b0 1-h-1
sm(
[2]
EE T
TN
_\2 2)
- -k

th
2

a-

-1

\.—/

e

(RHD atx = 1) = lim ————2 f(x) f(l)
=21t X~ N,
_k.mf(1+h) f(l)
=0 1+h-1
=[2(1+h)-3]-1
h
-2-2h+3-1
h

h0
- =2

(LHD atx = 1) # (RHD atx = 1)
f (x) is continuous but differentiable atx = 1.

"
= e bb
Zs i3

=i
h

Q12

awt b, if J¢]=1

()= ) is differentiable atx = 1, find a, b.
T ,if x|z 1

Solution




RD Sharma Solutions Class 12

ax?-b ,if el <1
e Fig= Fll A ES!
0. ifxs-1
X
=Jdax®-b ,if =1cx<
2 ,ifxed
X

LHL = fim f{x)

=1

=£f%f(1-h)

2
-ifina(l—h) -b
=a-b
RHL = lim f(x)

=1

= fmf(1+h)
A0

=

=ﬂg1+h
=1
Since, f(x) is continuous, so
LHS = RHS
a-b=1
fixy-f(1
(LHD atx =1) = hmw
=1 x =1
f(1-h)=-1
=fm
=0 1-h-1
2
=/;'ma(1'h) =b-1
A0 ~h
2
=”.ma(1-h) R

A=
Using equatian (i),

o

-h

eb.ma+ah2 - 2afden 1- 1
AsD

-h
P ah®-2ah
T DT et
A0 -h

= - h
oyl

=23

1

—()

Ch 10 - Differentiability




RD Sharma Solutions Class 12

(RHD 2ty = 1) = lim -y
e I x=1

_ i TLR) - 1)
bw0 1+ h-1

Since £[x) is differentbable atx = 1,
[LHD atx = L) = [RHD atx = 1)
2a=-1

| g

-1
Puts= — L .
uts = — in equation (i

Ch 10 - Differentiability
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Exercise 10.2
Q1
If # is defined by £ (x) = »%, find (2.

Solution

Here, f(x)=x?isapolynomial function so, itis differentiable atx =2,

fl2+h)-r(2
f'[z)‘i’%[ !3 (2)

"
=
-

1
—

e
hwal h
lim {4+ h)
b0

-4
Fr(2) -4

Q2

If f is defined by f(x) = x4 4x + 7, showthat £'(5) = 2:"[ZJ
2

Solution
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fx)= 52 - 4x + 7 is a polynomial function, So it s differentiable everywhere,
f(s+h)-r(5)

f'(5)= ir’_rzg’ r
{(5+m) - 4(5+h)+7) -[25-20+7]
= Im
A=0 h
h?+25+10h-20-4h+7-12
= im
A=0 h
_ h¥+6h
- fim
A0 h

= [im (h +6)
Ah=0
-0

B 2 Z
Z+h -4 1+h)+7 =|[Z -4 % +7
2 2 2 z2
- i = =
] h
39 B iTh-14-ah+7 -[2-1‘“7]
2 4
= fim= =
h=0 h
B htith-14-4h+7-2 147
= fim % 4
h=0 h
-.ﬁmh2+3h
SN
= fmih+3)
=3
Now
Fi(s)=6
=2(3)
7
fiisy=2f|L
©)=2r (2]
Q3

Show that the derivative of the funchon £ given by

Flx)=2x7-9x%+12x +5, atx =1 andx =2 are equal.

Solution
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Ch 10 - Differentiability

We know that, f(x) = 2x° - 0x% +12% + 9 |5 a polynomial function. Sa, it is differentizhle

avery where. Far x =1
f -f
F1(1) = fim TR - (1)
h=0 h
[2(0+n)?-s(14m)+12(14h) +3]-[2-3+12+5]
= hm
A=D h
' [2(1+h°+3h2+3h)-9(1+h2+2h)+12+12h+9]-[14]
- h
 [2+2r° 4807 4 6h-9 -9k~ 1Bh+12 +12h+9- 14]
- h
. 2h® - 3n?
= {im —
h=0 h
_ h?(2h-3)
= lim ———=
A=0 h
= lim h{2h -
impen-9
Fr(1)=0 —

For x =2

[2(2+0)° - 9(2+£)" + 12(12+5) +3 |- [16 - 36 + 2448]
{2} = hm
h=0 h
[2(a+#%+ 120 +6h°) - 9(4 + 47 + an) +24 + 13089 S[H8]
g A

= [im
A0 h

iy 22+ 30
=M —
A=D h L Wy
2
it (2h43)
A=0D h
= fim h(2h+3)
A=0 o
r'(2=0 % ¥ —={ii)
From equation (1) and (ii), ,
F(1)=(2)

Q4
If for the function &(x) = o+ Tx - 4% (5) =97, find i

Solution

[16 + 20° + 24h + 1247 - 36 - 947 - I6r 38+ 1207 13| @
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$[x)=ax?+7x -4 and &' (5) = 97
[1(s+h)2+7(s+h)-4]-[251+35- 4]

cx:’(s)- himm
hA=0 h
1{25+h2+10h}+35+7h-4-252.-35+4
97 « fim
b0 h
 2BL+4 AR 4 10RA - 254 + Th
- hm
A0 h
1h? 4 h{104 +7)
afim — 7
h=0 h
i f(rh+ 100+ 7)
A0 h
a7 =100 +7
10A =27 +7
ap
l FEp——
10
A=9

Q5

IfFF(x) =+ 757 +8x -3, find £ (4.

Solution

f(x) =x%+7x% 485 - 9.i§ apolynomial function. 8o, itis differentiable every where.

£ (4) = fim L4 N)2BUE)

A0

[(4+8)+ 7(aan)f 28 (4 H] 3] - [635402 +32- 9]

= fim
AsO h
3 [64 +5° + 48h +12n% 4012 + 7h3£ 66h + 32 48R - 9] -[210 - 9]
" a0 »
:h.mh3+19n2+112h+210-9-210 +9
A0 h
R +19h° +112h
= —
A=D h
h(h’+19h+112}
= —_— 7
A=0D
f(4) =112
Q6

Find the derivative of the function F defined by £ (%) = rx + o atx = 0,

Solution
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f(x):mx +C

f(o+n)-7(0
IR -

:hmM

A=0 h

i b +c)- (mx0+c)

A0 h
mh+c-¢

= fim

A=D il

B s

-m

f'(O)-m

Q7

Examine the differenfiability of the function f defined by

2%+ 3 if=3gxL=2
fl=]=1 =+ 1,if-22x 20
e 2 ifO2w=l

Solution

2%x+3 if-3<x <=2
f(x)=¢ x+1 if-2<x <0 S g
x+ 2 if0< x=1
We know that pdynomial funtiona are continugistéﬁd differentiable everywhere,
So f(x) is differentiable on x =[=3,2) , x « (-2.0Y and % (0, 1}
We need to chedk the differentiability atx“-——' -2andx =0

.,

Differentability at x = -2
== 2
(LHD atx = -2)= lim f(x) f( 2] m 2X+3+1 lim _(x+2)_2

- i 2%, Sy, |
¥3-2" X- i—Z) x-‘>—2' X+2 k3-2- X+2

(RHD at x =-2)= lim i G i o fim X214 iy X2

=1
x»2  x-[-2) x9=2 X+2 x»=2X+2

- (LHD at x = -2) % (RHD &t x = -2)
So, f{x) is not differentiable at x = -2,

Differentability at x = 0

~f 2 2
(LHD at x = 0)= lim fx) (O)= lim g L 2= lim 2 1-—>w
%0 x-0 =0 x x50 X
(RHD at x = 0) = lim P FO) _ iy X422 iy X _ 4
x=»0 x-0 x=0* X x=0" X

~ {LHD at x = O)» [RHD at x = 0)
So, f(x) is not differentiable at x = Q.
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Q8

Write an example of a function which is everywhere continuous but fails to be

differantiable exacty at five points.

Solution

We know that, madulus function
f(x) = l¢| is continuous but bot differentiable atx = 0,

So,
fx)=le|+ =1+ - 2|+ - 3|+ |x - 4] is conbnuous but not differentiable

x=0,1,2,3,4

Q9

Discuss the continuity and differentiability of £(x) - FDQ‘I’(”.

Solution

f(x) = fog x|

Since, it is an absolute function. So, 1t 15 continuous functian,
The graph of the function is as below: -

f(x)= ||og ||

-

Yo+
w4
S

035+

From the graph, it 1s clear that
f(x) is not differentiable atx = -1,1 but continuous for all x

Q10
Discuss the continuity and differentiability of f[_1)=a”

Solution
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f(x) =kl

F(x) = {ef

=3

, Xx<0
, x20
For conbinuity atx =0
RHL = /im fx)
ra0
= dm f(0+h)
h=0
= lim&l®)
A0

= lime
h=0

=e°

1

lim f(x)

x= T [I

fim £{0-h)

h=D

= ime{®*)
h=a0

= lime”
A0

LHL -1
f(ﬂ) =g
-1

b

RHL
LHL

Now,
LHL = £(0) = RHL
So, f(x) is continuous atx = 0
For differentiablility at x =0
filx)-
LHD = limm M
xad Xx-0
f(o-h)<e®
1T .
440 (0~h)=D
-(0-4) _
- yme—1
A= 0 -h

A
= tim& 3
A0 ~h

=1

-
RHD - hm M
Ax= it x =0
= im {048}~ £(0)
440 (D+h)-0
x 0
P i
a0 h

- }ime_.f;l
pra0 h

-1

Clearly,
LHD # RHD
So,

f(x) is not differentiable at x = 0,

Q11

Sinca /im

x=0

) et -
Since im
x 0

eX

X

X

1‘1]

Ch 10 - Differentiability
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Discuss the continuity and differentiability of
1
0 K=

(x -c)cos X EC

f(x):

Solution

1 ‘
fx) = (x-c)cosbmj JXAC
1} (K=C
(LHL at x =)= flim (x)
yr e
- it ()
-_-f.fm[c-h-c)cos[ L ]
c=fN-c

A0

1
- ,f‘m— hcos[-s)

1
- - heos(7
=0
(RHL at x =c) = fim £ ()
¥t
=limf (c+h)

30

=him(c +h-c)oos(
»20

=mhms[%]
=0
fle)-0
Since, LHL = (%) « RHL &t x = ¢
= f (x) is continuows atx =¢
f c=hy=* (2)
s
1
i lc -h—c)cos[m]- 0

a0 -
1 \
-}

= lim cos :
»-20 h
=k

==
c+h~-C

(LHD & x =¢) = iim
0

(RHDatx:c)=mw

1
o [c+h c)cos[m] 0
T hae h
hcos[%]
I
= fim cos 5
T hae h

=k
(LHD atx =c) = (RHD & x =¢)
So,

f (x) is dfferentiable and continuous at x =c.

Q12

Ch 10 - Differentiability
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Iz |sinx| differentiable 7 what about cos |«|?

Solution

£ sl - -8Nx , x<m

(i [sinx L XEnm

For x = nx (7 even)

(LHDa:xzrm)s Ifm_‘w
¥ X=Im

—sin (- £)-sinrm

= him

LR nx=-h-nx
willer sinh-10

»a0 -

--1
(RHD at x = rm) = s 2 lx + h) - inna
Ll
= i sinh
LET ]
=1
(LHD a:x=rm)v(RHD atx,nﬁ)
For x = ha (nis odd)
-Sl'n(m-h)-sjnna
-h

(LHD 3t x = rim) = fim
Ll

iy = SINPY
VR
=1
(RHD at x = nx) = iim sin(na+ k) - sinmm
LET h

-sinh-0
S

--1
{LHD & x = rm) #(RHD at ¥ =nx)

Thus,
f (%) =|sinx| is not differertisble & x =
f (x) =cos|¥|

Sinca, cos{-x)=cos x

= f (x) =cosx \

= f (x) =cos|x| is dffernetiable everywhere.

Ch 10 - Differentiability
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Exercise MCQ
Q1

Let fix) = |x] and g(x) = |[x7], then

fix) and gix) both are continuous atx =10

fix) and g(x) both are differentiable atx =0

fix) iz differenfiable but g{x) is not differentiable at x =0
fix) and g(x) both are not differentiable at x =0

Solution

Correct opticn: (a)
Absolute value function is continuous on R.

Q2

The function f{x) = sin™" (cos x) is
dizcontinuous atx =0
continuous at x =0

differentiable at x =0

none of these

Solution

Correct option: (b}
f(x) = sin™ {cos ®)

f{x) = sin™ [ﬂn[% - x]:|

Fix) = %— w
Function is continuous at x =0,

Q3
The set of points where the funclion f{x) = x[x| is differentiable is
(=, =)
(-o=, 0w (0, o)
(0, =)
[0, =]
Solution

Correct option: (a)
fx) = x|
fx)=x* x>0
=-x* x<0
=0 X=0
Which is palynomial function Hence, it is
differentigble on (~co, co)

Ch 10 - Differentiability
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Q4

_ked L
If )= tar (x + 20 , then fix)is
< (==

continuous at x = -2

not confinuous at x = -2
differentiable at x = -2

continuous but not derivable af x = -2

Solution

Ceorrect option: (b)
X
hm I;a
w=-2 tan M x + 2)
Let, x=-2+h
x—s-2=>h-=0
-2+ h
limeC2¥hed
h=0tani(-2+h+ 2)
Ilm_g_z 1 %
h=0tan™"h
%
lim h;aa F(-2)
#==2 tan i x + 2)
Functionis not continuous at x = -2

Q5

Let fix) = (x + ||} |%|. Then, for all x
iz confinuous

f iz differentiable for some x

f"i= continuous

iz confinuous

Solution

Correct option: {(a), (c)

Fix)=(x+|x D

=

f(x)=2x* x>0
=0 x <0

lim 2x*= 0

Fundion is continuous at x = 0.
Also, differentigble at x =0 asit is pdynomial function.

Q6

The function f (x) = e is

continuous everywhere but not differentiable at x =0
continuous and differentiable everywhere

not continuous at x =0

none of these
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Solution

Correct option: (a)

f {x)=e"

=

f{x)=-e" x>0

Fi<)=e™  x<0

Funchion is continuous at x = 0 but not differentiable
at ==10

Q7

The function f (x) =cos x| is

everywhere continuous and differentiable

everywhere continuous but not differentiable at (2n+1)m 2, ne Z
neither confinuous nor differentiable at (2n +1) W2.ns £

none of these

Solution

Correct option - (b)
As cos x is even function it is continuous everywhere

but not differentisble at (2n+ l)g, neZ

2

For n as an integer = sinnz =0
For nas aratonal = snnn= -1

cos[(fm + 1)::] = cos(nx+ 3) = - SinAx

Q8

If f{x)= 4fl = 1= x% Thenf(x) is

continucus on [-1,1] and differentiable on {-1,1)
continuouws on [-1,1] and differenfiable (-1,00w &(0,1)
continuous and differentiable on [-1,1]

none of these

Solution




RD Sharma Solutions Class 12 Ch 10 - Differentiability

Correct option: \b)
f(x) Vi- J1-x2
-x*>0
-1 <xs51
= function is continuous on [-1, 1].
To check differentability,

Fx)-FO)_, i ___

lim

wmsr x=0 0 x
f(x) f{O) nm‘h'sl‘x Sy
x—’O' w20 X

FunoUon is not differentiable at x = 0,
Hence, differentiable on (-1,0) L $(0, 1)

Q9

Iff{x)=a|zin x| +b gl +{:|x|“ and if f {x) iz differentiable at x =0 then
a=b=c=10

a=0b=0c=R

b=c=0kacsR

c=0,a=0,beR

Solution

Correct option: (b)
Given function can be written as

f(x)=-asinx+be™-g® %<0
= asinx+be* + o x>0
Function is differentiable at x = 0.
< OO, IS
asinh+ be' + - b

-asun(—h)-rbe +ch®-b

= h 2y -
2 h 2
:L‘Oacosh+be + 3ch Ilmacosm be" + 3ch
halr -1

=a+b=-a-b
=a+b=0
This is true for al vaue of ¢
Q10

_ 2 xz }:2
FRO = s s o T
then at == 0,fx)
has no limit

iz discontinuous
is continuous but not differentiable
iz differentiable

Solution




RD Sharma Solutions Class 12

Correct option: (b)

2 2

X X
limf(x) =lim|x2 — T}
L) *"’0[ PR TR

: s 1 %2
limf(x) =limx?| 14+ —— + s
li-)Of() 1D [ +1+X2+(1+X2)2
limf{x) =limx? !
w0 =0 i
Tl
14 x*
o 2
l:_’rgf(x) —&qﬂg(i-rx )
I’Lr”gf(x) =1
But, f(O)-O
f(O)-ILn’t]’f(x)
Functionis discontinuous,
Q11
Iff (x)= [log x|. then
F 1% =1
£ 17 =1
1) =1
F1)=-1
Solution
Caorrect option: (a), (b}
lim fix) - F{1) _ Iim"}g‘xl-ﬂ
e S | el =
®=1+hsay
=l=h=0
im fl=)-f{1) _ limlogl:l +h]
S h=0 1= 1
fl=)-ff1 | 1+h
H w—1 h—=01 h

o FRg -
sirnilarly, I"LrgT --

Q12

Iff(x) = logg [%], then

+ a4

fix) iz confinuous and differentiable for all x in its domain
f(x) is confinuous for all for all x in its domain but not differentiable at x =+ 1
f (x) is neither continuous nor differentiable at x = +1

none of these

Solution

Ch 10 - Differentiability
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Correct option: (b)

f{x) = Ioge[>:|

Logarithmic functon is always continuous on R - {0}
To check differentiability,

I|mw
S
lim logx-0
wal )(-1
x=14h
Xx—=1=2h-=0
log, {1+ h)
v
TR
similarty, lim M --1
HsT x—l

Also, you can check it for x = -1,
Funchon iscontinuous but not differentiable at x = +1,

Q13
1 for|x| 21
Let f{x) =4 |x]|
axf+ b for|x| <1
1 3
a=—b=-=
8.8=5.0="3
1 3
ba=-—b=2
8=3:P=3

d. nohe of these

Solution

Ch 10 - Differentiability
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Correct option: (b)
Given function is continuous at x = 1,
=Im f{x)=lim f{x

lim F{x) = lim F(x)

:Iiml-lim ax?+b

wol X ot
=1=a+b )
Functionis derivable at x = 1.

S FAR)-F() L FO-R)- F(1)

bl B e h
i
_1 h2_
=|lim L-lim M
halr h b n
=1z i h(28+ h)
o h
=2a8=-1
=ae 2
2

a+b-1 (From (i))

;1-+b-1
2

Q14

The function f{x} =x -[x], where [ ] denotes the greatest integer funtction is
continuous everywhere

continuous at integer point anly

continuouws at non-integer pointz only

differentiable everywhere

Solution

Correct option: (c)
f(x)=x~-[x]
lim F{x) =[x- {n- 1):|= x-n+1

)Ici_.rllf(x)=(x—n)= X-n

Hence, given function is continucus on non - integers only,
Q15

z
Let F(x) =4 3 * L X321 b £ is derivable at x = 1, if
s+ 172, <=1,

[ =TI =TI =Tl =)
nmmmnn
=2 oy
=
[}

Solution

Ch 10 - Differentiability
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Correct option: (d)
Given function is denvable.

f(1+h)-f(1) ) F(l h) f(1)

:ll"t‘mo h F»U’
1 2
2_ l+h+=-Z
=l|ma(1+h) (a+1)_“m > 2
he=0 - he0 h
ah(h 2  _h
:L-&O 'L-oﬂh
:m;:(h«2)-
=2a=1
—~adm e
Q16

Let f (x) =isin x|. Then,
f (x) is everywhere differentiable.
f (x) everywhere conlinuous but not differentiable at x=nm neZ

¢ f(x) is everywhere continuous but not differentiable atyxé& (2 +1)%,r} %'Z.

None of these
Solution

Correct option: (b)
fx) = |sin x|
Given function is continucus and differentiable o (2mr {2n+ 1))

But not differentisble at X - nx, ne Z
Assinnk=0forne 2

Q17 >

Let f (x) =lcos x/. Then,
f (x) i= everywhere differentiable
f (%) everywhere confinuous but mot differentiable atx=nm, ne £

 f{x) is everywhere continuous but not differentiable at x = (2n + 1:%-"‘ e Z.
Solution

Caorrect option: (c)

Fx) = Jeos |

Given functionis rigonometric fundion.
= Henoz, ITis continuous,

Funcbonis not differentiable at odd mulbples of %

= f(x) is not differentiable at x = (2n+ 1]5

Q18
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The funclion T {x) =1+|cos x| is
Continuous no where
Continuous everywhere

Mot differentiable at x =0

Mot differentiable at x=nmT, ne 2

Solution

Correct option: (b)

f{x) = L+ |cos x|

cosx is even function hence,
LLn: f(x) = E‘I-‘I'I:I f(x)

Funchion is continuous on R.

Butitis not differentiable at x = {20+ l)g, neZ

Q19

The function f {x) = |cos x| is

Differentiable at x = (2n+1) /2, ne Z

Continwous but not differentiable at x =(2n+1) ™2, ne Z
Meither differentiable nor confinuous atx=nm,ne 2
Mone of these

Solution

Correct option: (b)

Fx) = fcos %]

Given function is Tigonametric funcion.
=Hence, 1T 1= continuous,

Functionis not differentiable at odd moloples of %

= f(x) is not differentiable at x = {2n+ 1)5

Q20

The function fix) = sin(z [x-1] where [] denotes the
E

greatest integer function,is

Continuous as well differentiable for all x = R
Continwous for all x but not continuous at some x.
Differentiable for all but not continuous at same x'.
Mone of these

Solution

Ch 10 - Differentiability
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Correct option: (a)
AR

As 4+ [x*]wD
= f(x) =0 for all =
F(x) s continucus and differentisble on R,

Q21

Solution

Correct option: (b)
f{x)=a+b |+ clx|‘

f(x)=a-bx+cx* x<0 ¢
=a+bx+cx* x<0
fEx)- f(O f(xy-f(O
O ()
Prald x 0 x
a-bx+cx*-a . a+bx+x*-4
hm ——=— = |jjp —== =
war X et g x
bx+ox? . _bxsex’
lim =22 =2 = il =220
walr X =0 4
x{-b + o® x(b +
im 220 e
= x w0 X
Ilm—b+t:><3=||r3b-1-¢:><3
-b=b \
=0
b
Q22

If f (%) = [3-x|+(3+x) , where (x) denctes the least integer greater than or equal to x, then f (x) is
continuows and differentiable at x =3

continuous but not differentiable atx =3

differentiable but not confinuous at x =3

neither differentiable nor continuous at x =3

Solution
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Correct opticn: (d)
Given function can be written as
f(x)==-x+9 x<3

- X+ 4 %3

lim f(x): lim=-x+9=6
TN 4 w3

lim f{x)=limx+4=7

M T w—3

Funconis not continuous atx = 3.

= Funchon is not differentiable at x = 3

Q23
4 Wl
IFF(x) =9— ,then fix)is
l+e
0 =0

continuous az well as differentiable at x =0
continuouws but nof differentiable atx =0
differentiable but not continuous at x =0
none of these

Solution

Correct option: (d)
-1

lim — = lim —L =1 [-.-Iime7= o]
= - -

14e® 1+e®
!Lrg f(x) - f(O)
Function is not continuous.
(-0, "

X o

3

P -h
1 -
im OO |1, \
PR, o x lh-oo -h
mf(X);f(0)=lr'.-."3 11 e
—[1+e-ﬁ]h
Similarly,
nalr X
Q24
1-06x  vwu0
If f{x) = “'1”3" then at x =0 ,f{x)is
E ,x-U

continuouws and differentiable
differentiable but not continuous
continuous but nof differentiable
neither continuous nor differentiable

Ch 10 - Differentiability
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Solution

Correct option: (a)
Given function is contnuous at x = 0.

You can check it by definiticn,
lim f{x) = f{0)
w0

Also,

1 - cos(-h) B
lim f{O-h)-f(0) - lim {(-h)sin{-h)
b h hs h
. f(-h)-f(0) 1-cosh 1
Lrg h = 1y hsinh 2

fh)-fO) _1
h 2

Hence, function is continuous and differentiable at x = 0

Also, i
o b-,rg

Q25

The set of point where the function T (x) = |x-3| cos x is differentiable
R

R - {3}

(0,5 )

Mone of these

Solution

Correct option: (b)
f) - f(3)
J'_.T‘ x-3 = wo
T fF=)-f(3) _ lin |3+h~ 3jces3-0
=3 x-3 h-0 h
lim L & -Iith083
e o Xx=-3 h0 n
cos3is not differentiable.
Function is differentiable on R - {3},

F(3+h) - F(3)
h

- 0053

Q26
1, ®E=1
Letfx)=4|x|, -Lzx <1 Then ,fis
0, vzl

Continuous at x =1
Differentiable at x = -1
Everywhere continuous
Everywhere differentiable

Solution

Ch 10 - Differentiability
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Correct option: (b)

1, Xx<€-1
fix)=4| x|, -1<x<1
Q, xz1
A Fl_1) -
lim 53 Bl 1’- lim —X*1 =0
PPN X+ 1 =1 X4+ 1
Similarly,
f(x)-f(- X -
lhm ( ) f( 1)= lim 2 1=|;|
B - SYBL |

== X 4+ 1
Funchonis differentiable at x = -1,

Ch 10 - Differentiability
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Exercise 10VSAQ
Q1

Define diferenbability of a function at 5 point.

Solution

Differentiability of 3 function at 3 point:
4 real valued function £ (x) defined an (2,b) is said to be differentizble at
x =ce(a,b) if and only If,

i [0 - 1)

Xl X =-C

F)-1(6) o, TX)=T(6)

eaxists finitely

- lim
xac” X -C xaec*t X -C
AT M- f
» hmf(c ) !‘(c)= hmf(c+ )-fle)
h=0 -H Asc* h

= (LHD atx =c) = (RHD at x = ¢)
Q2

1= every differentizble function conbnuous?
Solution

ves, every differentiable function is continuous,

Q3
1= every continuous functon differentiable?
Solution

Mo, every continuous function is not differentizble

For example, 7 (x) = |v| is continuous atx = 0 but not differentiable atx = 0,

Q4

Give an example of 3 function which 1= continuous but nat differentizhle at 2 point,

Solution




RD Sharma Solutions Class 12

Fx) =k

For continuity atx =0
LHL = fim f(x)

=T

Imf(0-h)

im-(0-h)
A=0 L4
0

lim f (x)

x=0t

I f(0+h)
b0

RHL

« fim (0 +h)
A0

=0

f{io)=0

LHL = (D) = RHL
So,

f(x) is continuous atx = 0.
For differentiability at x =0

f -f(0
LHD 'h’m_LX_)___[_)
2O x~-0
flo-mn-r
:l;'mw
b=0 (D-h)—D
~ —[D—h)—O
5 | -
- =1
Fix)~
RHD = fim X))
PN x=-0

f(0+H) = £(0)
TA T 0+h-0
(04 h)
AaO h
=1
{LHL atx = 0) # (RHD atx = 0)

f{x) is not differentiable.

f(x)= I¥| is continuous but not differentiable atx = 0.
Q5

If £{x) is differentiable at x = c, then write the value of m f(x).

&=

Solution

Given,
Fix) is differentizble atx - ¢
fir flx) = Flc)

X =ri

Q6

Ch 10 - Differentiability
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If £(x) = pr — 2| write wheteher £°(2) exists or not,

Solution
)= be-2|
_[X-Q) ,X=-2<0
-{[x-2) , X-220
2-x , X <2
-{X—Z' .)\'22}
f{x)-£(2)

LHD atx =2 = Im
P ¥ -2

- fim fl2-h)-7(2)
A0 (2-h)-2

i 2 (2=P))-(2-2)
A0 -h

RHD atx =2= /im ﬂ\{_)--_”ﬂ
x=2' X=-2

fla+h)-1(2)

= hm
As0 2+h-2
i (2¥h-2)-0
A0 h
-1
Since,
LHD atx = 2% RHD at'x =2
So,
f*(2) does not exist,
Q7

wirite the points whera () = Jog, | is not diffarentizhle,

Solution

Ch 10 - Differentiability
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f(x) = llog, x|
_[-log, x , Dex<1
N log, x s xzl

f -f(1
(LHD st =) i LD T (L)
=1 ox-1
f(L-h)-r(1)
= {im
A0 (l-h)-l
=i -h)-
- tim=fo9. (1-h)-0
Aes 0 -h

=1 i-h
SO il

A0 h
=-1

f -f(1
(RHD atx =1)= lim M
x=1* X -1

fli+hy-7(1
=A’-%((1+)—1”
g (1+4)-0
40 1+h-1
log (1+h)
o T

(LHD atx =1) # (RHD atx = 1)

f(x) is not differentiable atx = 1,

Q8

Write the points of nan-differentiability of 7 (&) = |.fcrg |>(H

Solution

£(x) = fog |
f(x) will 2lways positive and let two pointsx =1 and x = -1
fx)

The function f(x) = Pog [xl is not differentiable atx = -1 and 1.

Q9

wirite the derivative of  {x) = [«[° atx =0,

Solution
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f(x)= [
I—X3 , ¥ <0
Ix° , X2
f L
(LHD atx =0) = lim fx)-7(0)
x=0 X =0
T e )
450 (0-h)-D
2
el b
k=0 -h
3
-/imi
Aa0~h
=0
fx)-
(RHD atx = 0) = fim TL1=110)
xatlt X -0
f(0+h)-f[0)

T, S TERR R
=0 (0+h)- 0

3
= hm—

A0 h
-0

f'(0)= 0

Q10

Ch 10 - Differentiability
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Solution
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fx)= |+ -1
-x-(x-1) ,ifxsD
=4x - (x-1) , f0<x <1
X +(x -1) , ifxz1
1-2x , ifx<0
=41 ,ifD0<x<1
2x -1 ,ifxz1
Forn=0
f(0)=1-2(0)=1
LHL - lim f(x)

= jlimf{0-h)
h=0
- fim[1-2(0-#)]
-/
h’%[l+ 2h]
=1
i f
i F(x)
hmf(U +h)
h=0

RHL

= lim1
h=0

=1
So,
LHL = £(0) = RHL
f(x) isconbinuous atx =0
o F(x)-f
(LHD atx = 0) = Im M
=0 x -0
f!D-hl-ffOl

f(x)y-f(0
(RHD atx = 0) = im fx-1@)
a0 x -0

=hmt’(0+h)-f(o)
h=0 D+ h-0
11

= i —
ha0 H

= Not defined
(LHD atx = 0) = (RHD atx =0)
f(x) isnotdifferentizbie atx = 0
Forn=1,
fY=2(1)-1=1
LHL = lim F{x)

x=1"
= f_r:%f(l - i)
=1
RHL - hm f(x)
x=1"
-{'if?)f(l +h)
= fim[2(1+h)-1]
-1

Ch 10 - Differentiability
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Q11

If firn —f (x] - I"I:cj

axists finitaly, write tha value of #m ¥ [x).
e e N o= Kb

Solution

LHL = f[1] = RHL

So, ﬂ::r:] 15 canfinuous atx =1

Haw,
o Y=
[LHD at x =1}= firn ) (1
r= I # -1
Fl=f)="r[1
= Jim
a=0  [1-H)=-1
o 1-1
i

= Mot defined
Flay=7[1
[RHD atx =1)= !.'m—L'j—L:'-
PRV B!

FlL+f)- (L
Uy
a=0  [1+h)=1
2[l+h)-1-1
ey —
A= h

[LHD atix =1}« [RHD ata = 1)
flx) is not differentiable at x = 1
So,
#[#) is continuous but not differentiable aty =0 and 1,
Fla)-F
L F)-rle)

s XN =C

exists fimitaly

ey = fﬂ%
.l"'lic}.ﬂl'mlix —c}: .I;FE .l"{xj—f[n:'j

r—d

Frichlc-c)= limfx)-7c)

A=

0= Jir.l'.".':.:__||"|:Jc'_l— fic)

hm fix)=7ic)

X
Q12
Write the value of the denvative of £(x) =[x - 1|+ |x-3| atx =2,

Solution
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Here,
fix)=|x-1+|x+3|
atx =2
fix)=(x-1)-(x-13)
=x-1-x+3
fix)=2
Now,
f'(x)=10

Q13

IF (%) = +fx2 49, write the value of jim L1704
EE T o=

Solution

fx) -Jx2+9

e

i LA EB) = E[4)
A=0D 4+h-4

4+h)*+9-fi6+2

hm
A=0 h
2 -
- §m \’h +Bh + 25 - J25
A0 h

h Jh%4 84 + 25 + 25

i} k.m[\jh2+8h+25—\Eg][\’h2+8h+25+s[2_§]

h? +Bh +25-25

- im
”"’°h(Jn2+ah+esw‘a_5}
2
- R+ Bh
”*°5(Jh2+eh+25+J2_5)
hH+3
- im
”*°(Jh2+ah+25+s)
B
e T
208,
10

f'(q)--:-




