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EXERCISE 10.1 PAGE NO: 10.10

1. Show that f (x) = | x — 3| is continuous but not differentiable at x = 3.

Solution:
Given f (x) = |x— 3|

Therefore we can write given function as,

foo = {08

Butf(3)=3-3=0

lim f(x
LHL = x-3 F&)

Bt
o=

lim0
— h—=0

Now consider,

lim f(x
RHL=x—-3f( )

RLYCER

lim3 + h—3
=h—>0

=0
LHL=RHL =" (3)

Since, f(x) is continuous at x =3
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lim flxe)-£(3)
IHDatx=3=x-3~ x-3

. f(3-h)-f(3)
. S
. 3—(3-h)-0
lim ————
— h—O" -h
h
lim —
=h-0"—h
= |
: r)—f(3
im fx)-f(3)
RHDatx=3=x-3% x-3
: fi3+h)-f(3)
N T
lim 3+h-3-0
=h-07 h
. h
e

IHDatx=3#RHDatx=3

Hence, f(x) is continuous but not differentiable at x = 3.

2. Show that f (x) = x /3 is not differentiable at x = 0.

Solution:
For differentiability,

LHD (at x =0) = RHD (at x = 0)

(LHD atx=0) =x—0~ x-0
lim flo—h)-f(0)

. 0—-h-0
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2
. —h)3-0
T
= h—=0" —h
1

’ (—h.)a
—_— hlE'I(I)]_ —h

3 p |
= h=R— (— l)h

B i

= Not defined

Kin flx)-£(0)
(RHD atx=3) =x—0%* x-0

im f(0 +h)—£(0)
— h—=0— 0+h-0

4
lim (h)z-0

=—h—=0t +h

1
W

lim h=
= h—0

= Not defined

Since, LHD and RHD does not exist at x=0
Hence, f(x) is not differentiable at x=0

122 — 13, ifx < 3

222+ 5, if ¢ > 3 is dif ferentiable at * = 3. Also, find f (3)

3. Show that f(x) = {

Solution:
Now we have to check differentiability of given function at x = 3
That is LHD (at x = 3) = RHD (at x = 3)
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lim fx)—f(3)
(LHDatx=3)=x—3" -3

lim fB-h)-£(3)
= 3-h-3

[12(3-h)-13]-[12(3)-13]

lim
_0-

_ —h
. 36—12h—13-36+ 13
lim
= h-0" —h
- —-12h
lim —
= h-0" —h
=12

m flx)-£(3)
(RHDatx=3)=x-3% x-3

v f2+h)-f(3)
- hl_l.%l+ 3+h-3

lim [2(3 + h?) + 5]-[12(3)-13]

— h-0t 3+h-3

. 18 + 12h + 2h® + 5-36 + 13
lim
= hsot h

lim 2h% +12h
— h—'~0 ot h

g h(Zh +12)
A, R
=12
Since, (LHD at x = 3) = (RHD at x = 3)
Hence, f(x) is differentiable at x = 3.

4. Show that the function f is defined as follows
3r—2,0<x2<1
fl®)=L2z? -z, 1 <x<2
Sxr —4, x > 2
Is continuous at x = 2, but not differentiable thereat.
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Solution:
Given

3xr—2,0<xz<1
fl®)=(22? -z, 1<z <2
Sz —4, x > 2

Now we have to check continuity at x =2
For continuity,

LHL (atx=2)=RHL (atx = 2)
f(2)=2(2)*-2

=8-2=6

LHL = lim,_5- f(X)

_limy_o-f(2—-h)

_lim;_o-[2(2—-h)* - (2- h)]

RHL = lim,_,+ f(x)
_limy_o+ f(2 + h)
_1im;,_,5(2 + h) — 4

=6

Since, LHL=RHL =f (2)

Hence, F(x) is continuous at x = 2

Now we have to differentiability at x = 2
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lim f(x)_f(Z)
(LHD at x = 2) =x-2~ x-2

lim f(2-h)-f(2)
= h»0 2-h-2

lin [2(2-R)*-(2-R)]-[8-2]

= h—0 h
. 8-8h+2h*-h-6
lim
= h—=0 —h
. 2h%®-6h
lim
. h(2h-6
lim ( )
= h—=0 —-h

e —2h)

=6
Now consider,

lm flx)-f(2)
(RHD atx=2)=x-2% x-2

lim f(2 +h)-f(2)
—h—=0 2+h-2

lim [5(2 + h)-4]-[8-2]

= h—0

- 10 + 5Sh—4—-6

lim———

= h—0

=5

Since, (RHD at x=2) # (LHD at x = 2)
Hence, f (2) is not differentiable at x = 2.

5. Discuss the continuity and differentiability of the function f (x) = |x| + |x -1] in the
interval of (-1, 2).

Solution:
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The given function f (x) can be defined as

LD=Lx<]

{x + X+ L-1E<ETX0
fix)=""X—x + L1<x<2

1LO0=r=<1

{2){ + L—1<x<0
f(x) = —2x + 1L,1<x< 2

We know that a polynomial and a constant function is continuous and differentiable

everywhere. So, f(x) is continuous and differentiable for x €

(-1,0)and x € (0, 1) and (1, 2).
We need to check continuity and differentiability at x=0and x = 1.
Continuity atx=0
lim,_o-f(x) = lim,_o-2x + 1_4
lim,_o+ f(x) = lim,_o+1_4
F(O)=1
lim,_ - f(x) = lim,_ 4+ f(x) = f(0)
Since, f(x) is continuous at x=0
Continuity atx=1
lim,_;-f(x) = lim,_;-1_4
lim,_;+ f(x) = lim,_,+1_4
F{1)=1
logyot f(X) = logy.o-f(X) =4

Since, f(x) is continuous at x =1

Now we have to check differentiability at x =0
For differentiability, LHD (at x = 0) = RHD (at x = 0)
Differentiability at x =0
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lim £&=F©)
(LHDatx=0) =x-0~ x-0

Z2x +1—1

lim
=x—0- x—0

. 2x
lim —
=x-0" X

B flx)—f(0)
(RHD atx=0)=x-0* x-0

Since, (LHD at x =0) # (RHD at x=0)
So, f(x) is differentiable at x = 0.
Now we have to check differentiability at x =1
For differentiability, LHD (at x=1) = RHD (atx = 1)
Differentiabilityat x =1

. flx)=f(1)
(L(HDatx=1)=2>-1_ x<&

lim f®@=f@
(RHD atx=1)=x-1% x-1

. —2x+1-1
lim ———
= x—1* %—1,
oo

Since, f(x) is not differentiable at x = 1.
So, f(x) is continuous on (- 1, 2) but not differentiable atx =0, 1
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EXERCISE 10.2 PAGE NO: 10.16
1. If f is defined by f (x) = x?, find ' (2).
Solution:
We have a polynomial function f(x) = x%, and we have to find whether it is
. fix)—f(c)
lim——

derivable at x = 2 or not, so by using the formula, f ‘(c) =x—c x-¢

?

. f(x)-f(2)
lim——
We get, f' (2) =x—2 x-2

-

p
- -
X —4

lim
f' (2) = x—2 x-2

. (x+2)(x-2)
lim——————
f(2)=x—2 x-2

[Using a®>" b*=(a +b) (a - b)]
f' (2) = Iimx_>2 X+ =

Hence, the function is differentiable at x = 2 and its derivative equals to 4.

2. If fis defined by f (x) = x? —4x + 7, show that f' (5) = 2 ' (7/2)

Solution:

We have a polynomial function f(x) = x* - 4x + 7, and we have to f /(x) its value
li f(x)—f(c)
atx =5 and x = 7/2, so by using the formula, f ‘(c) =x—c¢ x-c

’

f(x)—f(5)

im
We get, f /(5) =x—5 x-5

. XT—4x + 7—(5%-4x5+7)
lim

' (5) = x5 x5

fi(5)=x~5 x5
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lim x(x—5) + 1(x-53)
f' (5) = X—5 x-5

f' (5)=lims (x+1)=6
Hence to function is differentiable at x =5 and has value 6.
fi(x)— f(—]
llm—-—
-

' (7/2) = X3 .

2 T2 =
X“—4x + 7—[(;) —4%=+7]

lim 5
a?
F(7/2)=*" :
fig TP T
..
' (7/2) = X3 :
x2 —4‘<+
llmT‘1
F(72)=""3 "2
11mx Sty
f'(7/2) = 2
Miii (2x—-1)(2x-7)
pz/2)==3 &7
jim &&=1)
7 2

f (7/2) ==t >
Therefore ' (5) =2 f' (7/2) =6,

Hence the proof.

3. Show that the derivative of the function fis given by f (x) = 2x3 - 9x*+ 12x+ 9, at x =
1 and x = 2 are equal.

Solution:
We are given with a polynomial function f(x) = 2x3 - 9x? + 12x + 9, and we have
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. f(x)—f(c)
lim———
to find f ‘(x) at x =1 and x = 2, so by using the formula, f /(c) =x—¢c *-¢ , we

get,

lim f(x)—f(l)
fl (1) = x—1 x—1

lim 2x%-9x* + 12x + 9-[2(1)*-9(1)* + 12(1) + 9]
f (1) =x-1 x-1

2x%—9x% + 12x-5

fll)=x1  x1

. (x-1)(2x*-7x +5)
f (1) =x=1 x-1

f' (1) =limys1 2x*-7x+5=0
For x = 2, we get,

lim £

f (2)=x=2 x-2

i 2X-=9%" + 12x + 9-[2(2)° 9(2)* +12(2) + 9]
f (2) =x=2 x—2

lim 2x%—9x* + 12x—4

fl(2)=x2  x2

. (x—-2)(2x*-5x+2)
f(2) = }}_IE x—2

' (2) = limys2 2x*-5x+2 =0

Hence they are equal at x=1and x = 2.

4. If for the function @ (x) =A x>+ 7x—4, @' (5) = 97, find A.

Solution:

We have to find the value of A given in the real function and we are given with the
differentiability of the function f(x) = Ax?> + 7x - 4 at x =5 which is f /(5) = 97, so we will
adopt the same process but with a little variation.
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f(x)—f(c)
So by using the formula, f /(c) =x=c *—¢ , we get,

i f(x)—£(5)
f'(5)=x—»5 x5

Ax® + 7x—4—[A(5)* + 7(5)—4]

f (5) = v x5
lim Ax? + Tx—4—[A(5)% + 7(5)—4]
f' (5) = x=5 x-S

. Ax® + 7x—35-25A
. lim
f (5) — x—5 xX—5

As the limit has some finite value, then there must be the formation of some

0 co

indeterminate form likeo’ ;, so if we put the limit value, then the numerator
will also be zero as the denominator, but there must be a factor (x - 5) in the
numerator, so that this form disappears.

. (x—5)(AX + 5A+7)

F(5)=n  xs

' (5) = limyss AX + 5A + 7 = 97
f(5)=10A+7=97

10A =90

A=9

5.1Ff (x) = x3+ 7x* + 8x - 9, find f' (4).

Solution:
We are given with a polynomial function f(x) = x* + 7x*> + 8x - 9, and we have to find
whether it is derivable at x = 4 or not,
f(x)—f(c)
So by using the formula, f ‘(c) =x—c x—¢

; f(x)—f(4)
We get, T '(4) = x—4 x4
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x? + 7x% + 8x—9-[4% + 7(4)% + 8(4)-9]

lim
f' (4) = x—4 x—4
. (x—4)(x® + 11x + 52)
. lim
f (4) = x—4 x—4

f'(4) = limysa x* + 11x+ 52
f (4) = 112.

6. Find the derivative of the function f defined by f (x) = mx +cat x = 0.

Solution:
We are given with a polynomial function f(x) = mx + ¢, and we have to find whether it is
derivable at x = 0 or not,

f(x)—f(c)

So by using the formula, f' (¢) =x—c x=¢

’
- fix)—f(0)
We get, f' (0) = x=0 x-0

mx + c—[mi0) + ¢]

lim
f' (0) = x—0 x—0

y mx +£&—c
lim
f' (O) = x>h Xx—0

f' (0) =limysom=m
This is the derivative of a function at x = 0, and also this is the derivative of this function
at every value of x.



