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Exercise 15.1 Page No: 15.9

1. Discuss the applicability of Rolle’s Theorem for the following functions on the
indicated intervals:

(i) f(x) =3 + (z — 2)5 on [1,3]

Solution:
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Given function is

= f{X:] = 3 + (X— 2)5 on [1, 3]
Let us check the differentiability of the function f(x).

Now we have to find the derivative of f(x),

P = 2(3 + x-2))

Z
d([x—z}ﬁ)
di(3) n

;‘hf{x) - dx dx

r _ E _ E—l
=}pr{:ns:j =0+ 3{X 2)z

@ =x-2)

f(x) = —

1
= 3(x—2)=

Now we have to check differentiability at the value of x =2

limf(x) = lim——

—, x—=2 x—=2 3(_,(_2}5
limf'(x) = 2 -

5, X2 3(2-2)3
limf(x) = =

= x—=2 3(0)
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limf(x) = undefined

== Xx—2

~ fis not differentiable at x = 2, so it is not differentiable in the closed interval
(1, 3).

So, Rolle’s theorem is not applicable for the function f on the interval [1, 3].

(ii) f (x) = [x] for -1 = x <1, where [x] denotes the greatest integer not exceeding x

Solution:
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Given function is f (x) = [x], — 12x<1 where [x] denotes the greatest integer not
exceeding x.

Let us check the continuity of the function f.

Here in the interval x € [ 1, 1], the function has to be Right continuous at x=1
and left continuous atx = 1.

lim f(x) = lim [x]

== x—1 + x—1 +

= x1—1~11n+ f(x) = x—l.lln}r h[K] Where h>0.

 Jim, 109 = Jimg 1

lim f(x) =1

=x=1+ . (1)
i 60 = Jim [

:)ELI}I— i(x) = xl—%lﬂh[x],where h>0

_ Jim £ = Jimo

lim f(x) = 0

= x=1- ... (2)

From (1) and (2), we can see that the limits are not the same so, the function is
not continuous in the interval [- 1, 1].

“ Rolle’s Theorem is not applicable for the function f in the interval [- 1, 1].

1
(iii) f(x) = sin; for —1<x<1

Solution:
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f(x) = sm( )

Given function is for—1=<x=<1

Let us check the continuity of the function ‘f' at the value of x = 0.We cannot
directly find the value of limit at x = 0, as the function is not valid at x = 0. So,
we take the limit on either sides or x = 0, and we check whether they are equal
or not.

So consider RHL:

i, 109 = lim sin ()

We assume that the IimitLi—I:% s (E} - k, kel[-1,1].
=n1—H1n+ ix) = K_lhlunlhsm( ) where h>0

. . . 1
lim f(x) = Eﬂﬂln(m)

= x—=0 +
- xl—ﬂjn+ f(x) = 11m sin (h)

lim f(x) = k

= xKx—=0 + - {1]

Now consider LHL:

lim f(x) = 1}151— sm(t)

= x—0—

lim f(x) = lim 5111(1)

=x—0— x—0-h x/ where h>0
lim f(x) = limsin( = )
= x—=0— h—0 0-h

. . 1
- 1}151— f(x) = 1151] sin (_—h)

Iue theorems/
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lim f(x) = lim—sin (l)
= x—0- © h—0 h

1
lim f(x) = —limsin (—)
= x—0— ( ) h—0 h

lim f(x) = -k

== x—0-—

From (1) and (2), we can see that the Right hand and left — hand limits are not
equal, so the function ‘f" is not continuous at x = 0.

“ Rolle’s Theorem is not applicable to the function ‘' in the interval [- 1, 1].

(iv) f(x) =2x2-5x + 3 on [1, 3]

Solution:

Given function is f (x) = 2x> = 5x + 3 on [1, 3]

Since given function f is a polynomial. So, it is continuous and differentiable everywhere.
Now, we find the values of function at the extreme values.

= f(1)=2(1>-5(1)+ 3

=f(1)=2-5+3

= f(3) = 2(3)%-5(3) + 3
= f(3) = 2(9)-15 + 3

= f(3)=18-12

From (1) and (2), we can say that, f (1) # f (3)
.". Rolle’s Theorem is not applicable for the function f in interval [1, 3].

) =x#*on [-1, 1]

(v) f(x
https:

lue-theorems/
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Solution:

z
Given function is f(X) = X3 g [-1, 1]

Now we have to find the derivative of the given function:

() = )

dx
f'(x) = >x371
= 3

) _E E_l
Z}f(x] = 3X

' _ 2 —i
:}f{:{) = 3X

fl(x) = —
= Ixz

Now we have to check the differentiability of the function at x = 0.

limf(x) = lim—

— x—=0 x—=0 3x3
limf(x) = —
1
= x0 3(0)3

lim f'(x) = undefined

== X—=0

Since the limit for the derivative is undefined at x = 0, we can say that f is not
differentiable at x = 0.

“ Rolle’s Theorem is not applicable to the function f on [-1, 1].

o [—4x45 0<x<1
(Vi) f(x) = { 2x—3,1<x<2

Solution:
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B [—4K+ 50=x=1

Given function is 2x—3,1<x=12

Now we have to check the continuity at x = 1 as the equation of function
changes.

Consider LHL:

lim f(x) = lim —4x + 5
= x—=1- X—1—

#Eyil_f{xj = —4(1) + &5

lim f(x) = 1

= x—=1- . (1)

lim f(x) = 1

= x=1- ... (1)
Now consider RHL:

lim f(x) = lim 2x—3

= x—=1+ x—1 +
- KEIE1+ f(x) = 2(0) -3

lim f(x) = —1

== x—1 +

From (1) and (2), we can see that the values of both side limits are not equal.
So, the function f is not continuous at x = 1.

“+ Rolle’s Theorem is not applicable to the function ‘" in the interval [0, 2].

2. Verify the Rolle’s Theorem for each of the following functions on the indicated
intervals:

(i) f (x) =x*-8x + 12 on [2, 6]

Solution:
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Since, given function f is a polynomial it is continuous and differentiable everywhere i.e., on R.
Let us find the values at extremes:

= f(2)=22-8(2) +12

=f(2)=4-16+12

=f(2)=0

= f(6) =62—8(6) + 12

= f(6)=36-48 +12

=f(6)=0

.. f(2) =1(6), Rolle’s theorem applicable for function f on [2,6].

Now we have to find the derivative of f(x)
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2_
F(x) = d(x ::uz]

; _ d{xz]_ d(8x) d(12)
=}f{:X) T dx dx T dx

f(x) =2x-8+0

f(x) =2x-8+0

=f(x)=2x—8

We have f'(c) =0 € [2, 6], from the above definition
=f(c)=0

=2c—8=0

= 2c=8

g
C=-=
2

=3
=C=4¢[2,6]

“ Rolle’s Theorem is verified.

(i) f(x) =x*—4x + 3 on [1, 3]
Solution:
Given function is f (x) = x*—4x + 3 on [1, 3]

Since, given function f is a polynomial it is continuous and differentiable everywhere i.e., on R.
Let us find the values at extremes:

= f(1)=12-4(1) + 3

=f(1)=1-4+3
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=f@3)=9-12+3
=f@3)=0
.. f(1) =1(3), Rolle’s theorem applicable for function f on [1,3].

Let’s find the derivative of f(x)

. _d(x®—4x+3)
_ f'(x) = —

] _d(¥®)  dex) | d3)
= f {X:] T dx dx + dx

f(x) =2x—4+0
=f(x)=2x—4
We have f'(c) =0, c € (1, 3), from the definition of Rolle’s Theorem.
=f(c)=0
=2c—4=0
=2c=4
4

Cc = -
= 2
=C=2¢(1, 3)

~ Rolle’s Theorem is verified.

= f(x)=2x—-4

We have f'(c) = 0, c € (1, 3), from the definition of Rolle’s Theorem.
= f(c)=0

=2c-4=0

= 2c=4
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= c=4/2

=C=2¢€¢(1,3)

.". Rolle’s Theorem is verified.

(i) f (x) = (x = 1) (x = 2)*0on [1, 2]

Solution:

Given functionis f (x) = (x = 1) (x—2)?on [1, 2]

Since, given function f is a polynomial it is continuous and differentiable everywhere that is on R.
Let us find the values at extremes:

=>f(1)=(1-1)(1-2)?

= f(1) =0(1)?

=f(1)=0

=>f(2)=2-1)(2-2)?

= f(2)=0

=f(2)=0

. f(1) =f(2), Rolle’s Theorem applicable for function ‘¥ on [1, 2].

Let’s find the derivative of f(x)
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. _d(x—1)(x-2)%)
_ f'(x) = —
Differentiating by using product rule, we get

' _ oz, dx-1) _ di((x-2)2)
z}f{x] = (x—2) X—— + (x l)x—:h

= f(x) = ((x—2)*1) +((x—1) x 2 x (x—2))

= f(x)=x?—Ax+4 4+ 2(x* - 3x+2)

= f'(x) =3x*— 10x + 8

We have f'(c) =0 c € (1, 2), from the definition of Rolle’s Theorem.
=flc)=0

= 3c*—10c+8=0

104,/(-10)2—(4x3x8)

= 2%3
c = 10410096
= 6
c = 1042
=" &
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=3c°—10c+8=0

104,/ (—10)2—(4x3x8)
= 2x3

10+,/100—96

C =
= 6
_ 1042
0=
12
C==—orc=-
= 6
c =2
= 3 €(1, 2) (neglecting the value 2)

. Rolle’s Thearem is verified.

(iv) f (x) =x (x —1)? on [0, 1]
Solution:
Given function is f (x) = x(x — 1)? on [0, 1]

Since, given function f is a polynomial it is continuous and differentiable everywhere that is, on
R.

Let us find the values at extremes

=f0)=0(0-1)

=f(0)=0

=>f(1)=1(1-1)

= f(1) = 0?

=f(1)=0

.. f(0) =f (1), Rolle’s theorem applicable for function ‘¥ on [0,1].

Let’s find the derivative of f(x)
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' d(x(x—1}7)
LI ==

Differentiating using product rule:

. _ PRI () d((x—1)?)
z}f(xj—(x 1)°x ~ T XL

= f'(x) = ((x — 1)*x1) + (xx2x(x — 1))

= f'(x) = (x — 1)* + 2(x* — x)

=f(x)=x*—2x+1+2x*—2x

=f(x)=3x*—4x+1

We have f'(c) = 0c € (0, 1), from the definition given above.

=f(c)=0

and(;a reer
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=f(x)=(x—1)?+2(x*—x)

=f(x)=x*—2x+1+2x*— 2x

= f(x)=3x*—4x+1

We have f'(c) =0c € (0, 1), from the definition given above.
=f'(c)=0

=3c?-4c+1=0

4+,/(—4)2—({4x3x1)

c =
= 2%3
c _ 4ty16-12
= 6
4442
c = ="
= 6
C =-0rc = -
==
1
c ==
= 3€(0,1)

~ Rolle’s Theorem is verified.

(v) f(x) = (x2=1) (x—2) on [-1, 2]

Solution:

Given functionis f (x) = (x2—=1) (x—2)on [~ 1, 2]

Since, given function f is a polynomial it is continuous and differentiable everywhere that is on R.
Let us find the values at extremes:

=f(-1)=((-17-1)(-1-2)

=f(-1)=01-1)(-3)
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= f(-1)=(0)(-3)

=f(-1)=0

= f(2)=(22-1)2-2)

=(2)= (4~ 1)0)

=f(2)=0

. f (= 1) = (2), Rolle’s theorem applicable for function f on [ - 1,2].

Let’s find the derivative of f(x)
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. _d((x®-1)(x—2))
P ==

Differentiating using product rule,

) = (x- 2)x 3 |2 )“‘[“ —2)

= f(x) = ((x—2) x 2x) + ((x* — 1) x 1)

= f(x) = 2x* —4x +x* -1

= f(x)=2x*—4x -1

We have f'(c) =0 ce (-1, 2), from the definition of Rolle’s Theorem.
=f(c)=0

=2c"-4c—-1=0

44, /(—4)2—(4x2x-1)

= 2x%2
C_4J_nf15+9
= 4
C_4iu'ﬂ
= 4
4+ 246 4-2+/6
cC = ‘rnrc= ve
= 4 4
V6 V6
c=1+—orc=1——
= 2 2

f(x) =3x2—4x -1

We have f'(c) =0 c € (-1, 2), from the definition of Rolle’s Theorem

Iue theorems/
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c=4 +[(-4? - (4 x 3 x-1))/ (2 x 3) [Using the Quadratic Formula]
c=4+\[16+12]/ 6

c=(4+28)/6

c=(4+2V7)/ 6

c=(2+7)/3=15+7/3

c=15+7/30r1.5-7/3

So,

c=1.5-+7/3sincec € (-1, 2)

.. Rolle’s Theorem is verified.

(vi) f(x) =x (x—4)?on [0, 4]

Solution:

Given function is f (x) = x (x —4)? on [0, 4]

Since, given function f is a polynomial it is continuous and differentiable everywhere i.e., on R.
Let us find the values at extremes:

= f(0) = 0(0 — 4)?

=f(0)=0

= f(4)=4(4-4)

= f(4) = 4(0y°

=f(4)=0

.. f(0) =f (4), Rolle’s theorem applicable for function f’ on [0,4].

Let’s find the derivative of f(x):
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' _d(x(x-4)%)
= f {X) o dx

Differentiating using product rule

(x) = (x— 4)2 % 3%
Z}f{x)—(x 4)><it+x

d( [1—4}2]
dx

= F'(x) = ((x — 4)*x1) + (xx2x(x — 4))

= f'(x) = (x—4)* + 2(x* — 4x)

= f'(x) = x> — 8x + 16 + 2x* — 8x

= f'(x) = 3x* — 16x + 16

We have f'(c) =0 c € (0, 4), from the definition of Rolle’s Theorem.
=flc)=0

=3¢’ —16c+16=0

_ 161/(-16)2—(4x3x16)

= 2%3

1644/ 256—192

= 6
C_1ﬁiuﬁ
= 6
24
C=-0rc = —
= o
8
c = -
= 6 € (0, 4)

~ Rolle’s Theorem is verified.

(vii) f(x) =x (x —2)? on [0, 2]

Solution:
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Given function is f (x) = x (x — 2)? on [0, 2]

Since, given function f is a polynomial it is continuous and differentiable everywhere that is on R.
Let us find the values at extremes:

= f(0) = 0(0 — 2)?

=f(0)=0

= f(2) =2(2 - 2)?

= f(2) = 2(0)?

=f(2)=0

f (0) = f(2), Rolle’s theorem applicable for function f on [0,2].

Let’s find the derivative of f(x)
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. . dix(x—2)%)
= f {:X) o dx

Differentiating using UV rule,

dix) d((x—z}z]
dx T X dx

- f'(x) = (x—2)? x

= f'(x) = ((x = 2)*%1) + (xx2%(x - 2))
= f'(x) = (x—2)* + 2(x* — 2x)
=f(x)=x*—4x + 4 + 2%* — 4x
=f(x)=3x"—-8x+4
We have f'(c) =0 c € (0, 1), from the definition of Rolle’s Theorem.
=f(c)=0
=3c*-8c+4=0
o _ /T

= 2%3

=3c?-8c+4=0
81/ (-8)7—(4x3x4)

C_
= 2%3
8+64—48
C:
= 6
c = g8+416
= &
12
C=—0arc = -
= &
=c=1¢(0, 2)

~ Rolle’s Theorem is verified.
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c =12/6 or 4/6

c=2or2/3

So,

c=2/3sincec € (0, 2)

.". Rolle’s Theorem is verified.

(viii) f (x) = x2 + 5x + 6 on [-3, -2]

Solution:

Given function is f (x) = x> + 5x + 6 on [~ 3, — 2]

Since, given function f is a polynomial it is continuous and differentiable everywhere i.e., on R.
Let us find the values at extremes:

=f(-3)=(-3P+5(-3)+6

=>f(-3)=9-15+6

=f(-3)=0

=f(-2)=(-2P+5(-2)+6

=f(-2)=4-10+6

=f(-2)=0

S f (= 3) =1f(-2), Rolle’s theorem applicable for function fon [ - 3, — 2].

Let’s find the derivative of f(x):
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f;{X) _ d(x? -:Lix+6]

d(x®) d(5x) dis)
dx T dx T dx

= f'(x) =
f'(x) =2x+5+0

= f(x)=2x+5

We have f'(c) =0 c € (— 3, — 2), from the definition of Rolle’s Theorem
= f'(c)=0

We have f'(c) =0 c € (— 3, — 2), from the definition of Rolle’s Theorem

=f(c)=0
=2c+5=0
= 2c=-5
5
C=—-
= 2

=C=-25€(-3,-2)

~ Rolle’s Theorem is verified.

3. Verify the Rolle’s Theorem for each of the following functions on the indicated
intervals:

(i) f (x) = cos 2 (x — 11/4) on [0, 11/2]

Solution:
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Given function is f(x) = cnsz(x— E) on [Dg]

We know that cosine function is continuous and differentiable on R.

Let’s find the values of the function at an extreme,
- f(0) = cos2 (D - E)

- f(0) = cos2 (— E)

_, f(0) = cos (— T—;)

We know that cos (— x) = cos x

=f(0)=0
f(3) = cos2(5-5)

Lf(5) = cos2(3)

and(;a reer
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m m™

We getf(n) - f(E), 50 there exist a“¢ (D' E)such that f'(c) = 0.

Let’s find the derivative of f(x)

a(cos2(x-1))

dx

_ ) = —sin(2(x- 7)) o23)

L) -

- f'(x) = —2sin2 (X — E)
We have f'(c) =0,
_-2sin2(c-%) =0

m
c—— =20
= 4

M m
=C = 4F (o, E)
. Rolle’s Theorem is verified.

(ii) f (x) = sin 2x on [0, T1/2]

Solution:
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-’

. _ . l0.7]
Given function is f (x) =sin2xon L™ 2

We know that sine function is continuous and differentiable on R. Let’s find the
values of function at extreme,

= (0) =sin2 (0)
= f (0) = sin0
=f(0)=0

1) = sm2 (9)

andCa reer


https://www.indcareer.com/schools/rd-sharma-solutions-for-class-12-maths-chapter-15-mean-value-theorems/
https://www.indcareer.com/schools/rd-sharma-solutions-for-class-12-maths-chapter-15-mean-value-theorems/

€IndCareer

= f (0) = sin0
=f(0)=0

() = sin2(3)
_ f(T—zr) = sin(m)
RICGEE

We hauef{ﬂ) - f(z), so there exist a“= (D’ E)such that f'(c) = 0.

Let’s find the derivative of f(x)

disin2x)
dx

L) -

di2x)
dx

Z}f’{:{) = 082X

= f'(x) = 2cos2x
We have f'(c) =0,
= 2cos2c=0

m
2(_'_':—
= 2

;‘rc - EE(D’T_::)

. Rolle’s Theorem is verified.

(iii) f (x) = cos 2x on [-1r/4, /4]

Solution:
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M T
Given functioniscos 2xon L &’ 4]

We know that cosine function is continuous and differentiable on R. Let’s find
the values of the function at an extreme,

Lf(=3) = cos2(=5)

#f{ﬂ) = cos(—g)

andCa reer
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;"f(ﬂj = cns(—T—;)

We know that cos (— x) = cos x

=f(0)=0

1) = cos2(3)
L) = cos(3)

L) = o

m m

We hauef( :) - fG), so there exista“© (_ 1’1)such that f'(c) = 0.

Let's find the derivative of f(x)

' _ dicos2x)
= f {X) o dx

di2x)
dx

_ f'(x) = —sin2x

= f'(x) = — 2sin2x
We have f'(c) =0,

= —2s5in2c=0

sin2c=0
=2c=0
So,

c=0asc € (-m/4, 11/4)

hitps://www.indcaree
lue-theorems/
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.". Rolle’s Theorem is verified.

(iv) f (x) = e* sin x on [0, Tr]

Solution:

Given function is f (x) = €*sin x on [0, 1]

We know that exponential and sine functions are continuous and differentiable on R. Let’s find
the values of the function at an extreme,
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= f (0) = e“sin (0)

= f(0) = 1x0

=f(0)=0

— f(m) = eTsin(m)

_ f(m) = e™x0

f(m) =0

We havef(0) = f{“), so there exist aC€(0. Wsych that £ (c)=0.
Let's find the derivative of f(x)

' _ d(e*sinx)
- f'(x) =

dx

d(e®) 4 eX d(sinx)

- f'(x) = SInX—— —
= f'(x) = e (sin x + cos x)

We have f'(c) =0,

= ef(sinc+cosc)=0

=sinc+cosc=0

1 1
—sinc + —cosc = 0
=2 V2

. ™ . m
sm(—)smc + COS(—) cosc = 0
= 4 4
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z}cns(c—f) =0

3m
c= €(0, m)

~ Rolle’s Theorem is verified.

(v) f (x) = e* cos x on [-T1/2, 11/2]

Solution:

andCa reer
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T T
Given function is f(x) = e*cos x on [_ E’E]

We know that exponential and cosine functions are continuous and
differentiable on R. Let’s find the values of the function at an extreme,

() = ez x0

f(m) =0

™ m mM

We hauef(_ E) - f(E), so there exist a“© (_ 2’ E)such that f'(c) = 0.
Let's find the derivative of f(x)

. . die* cosx)
L =

dx

' _ d(e*) x d(cosx)
:f{x) = Cosx—— + e*——

= f'(x) = " (—sin x + cos x)
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We have f'(c) =0,
. m . m
— e (—sinc+cosc)=0 _, —sin (;) sinc + cos (;) cosc = 0

=—sinc+cosc=0

-1 . 1
—sinc + —cosc = 0
= /2 V2 r_m
c +
=5 4 2
. T . T
—sm(—) sinc + cc}s(—) cosc = 0 - -
=4 4 4 C = —E(—— —)
= 4 2’2
= CDS(E T I) =0 ~ Rolle’s Theorem is verified.

(vi) f (x) = cos 2x on [0, 1]
Solution:
Given function is f (x) = cos 2x on [0, ]

We know that cosine function is continuous and differentiable on R. Let’s find the values of
function at extreme,

= f (0) = cos2(0)
= f (0) = cos(0)
= f(0)=1

= f (1) = cos2(
™

= f (17) = cos(2 )
= f () =1

We have f (0) = f (11), so there exist a ¢ belongs to (0, 1) such that f'(c) = 0.

Let’s find the derivative of f(x)
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: _ dicos2x)
= f (X) o dx

. o di{2x)
- f'(x) = —sin2x —

= f'(x) =— 2sin2x
We have f'(c) =0,
= —2sin2c=0

= 2c=0

T
_C= ;E(D,’JT)

“ Rolle’s Theorem is verified.

sin2c=0

So,2c=0orTm

c=0orm/2

But,

c=m/2asc € (0, m)

Hence, Rolle’s Theorem is verified.

(vii) f(x) = ?un 0<x<m

Solution:
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f(x) = 2o
Given function is & on[0,T]

This can be written as

= f (x) = e "*sin x on [0,T]

We know that exponential and sine functions are continuous and differentiable
on R. Let’s find the values of the function at an extreme,

= f (0) = e ~%in(0)
= f(0) = 10
=f(0)=0

_, f(m) = e Tsin(m)

_ f(m) = e™™x0

f(m) =0
We have f (0) = f (m), so there exist a c belongs to (0, i) such that f'{c) = 0.

Let's find the derivative of f(x)

' . die ¥ sinx)
= f {X:] o dx

A | dleing)
dx tTe dx

:}f’(:{) = sinx

=f'(x)=sinx(—e ) +e ¥ cos x)
= f(x)=e ¥ (—sinx+cosx)
We have f'(c) =0,

= e “(-sinc+cosc)=0

=—sinc+cosc=0

€IndCareer


https://www.indcareer.com/schools/rd-sharma-solutions-for-class-12-maths-chapter-15-mean-value-theorems/
https://www.indcareer.com/schools/rd-sharma-solutions-for-class-12-maths-chapter-15-mean-value-theorems/

€IndCareer

(viii) f (x) = sin 3x on [0, 1]
Solution:
Given function is f (x) = sin3x on [0, 7]

We know that sine function is continuous and differentiable on R. Let’s find the values of
function at extreme,

= f (0) = sin3(0)

= f(0) = sin0

=f(0)=0

= f (1) = sin3(1)

= f (1) = sin(3 )

=f(m)=0

We have f (0) = f (11), so there exist a ¢ belongs to (0, 1) such that f'(c) = 0.

Let’s find the derivative of f(x)
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' _ disin3x)
= f {X:] o dx

. . di3x)
=}f{x) = cos3x—

= f'(x) = 3cos3x

We have f'(c) =0, We have f'(c) =0,
= 3cos3c=0 = 3cos3c=0
3c = = 3c = —
= 2 = 2
m m
_,C = EE(U,?T:] _Cc= EE(G,T[)

- Rolle’s Theorem is verified. .. Rolle’s Theorem is verified.

(ix) f(x) = e on [-1, 1]

Solution:

and(;a reer
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-
Given function is f(X) = '™ gp [-1,1]

We know that exponential function is continuous and differentiable over R.
Let’s find the value of function f at extremes,

S f(-1) = e
_f(—1) = et
=f(-1)=e"
=f(-1)=1

_f(1) = e ¥

_f(1) = el
=f(1)=¢€"
=f(1)=1

We got f(—1) =f (1) so, there exists ace (— 1, 1) such that f'(c) = 0.

Let’s find the derivative of the function f:

L) = —d(E::ZJ

1-x°% d(l_-“z)

;‘rf{x:}:e dx

o f'(x) = el (—2x)
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1-—x° d{l—xz}
€ dx

- f'(x) =
L f'(x) = el (—2x)
We have f'(c)=0
_el™(—2¢0) = 0

= 2c=0
=c=0¢[-1,1]

- Rolle’s Theorem is verified.

(x) f (x) = log (x? + 2) — log 3 on [-1, 1]
Solution:
Given function is f (x) = log(x? + 2) — log3 on [- 1, 1]

We know that logarithmic function is continuous and differentiable in its own domain. We check
the values of the function at the extreme,

= f (- 1) = log((- 1)* + 2) — log 3
= f(—1)=log (1+2)—log 3
= f(~1)=log 3 —log 3
=f(-1)=0

= f(1) = log (12 + 2) — log 3

= f(1)=log (1 +2) —log 3

= f(1) = log 3 — log 3
=f(1)=0

We have got f (— 1) = f (1). So, there exists a ¢ such that c e (— 1, 1) such that f(c) = 0.
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Let’s find the derivative of the function f,

We have f'(c)=0

2 R 2c .
PG = Mol rdbsy  Gon =0
F(x) = 1 dix+2) 0 =2c=0
- 7 a4 3.
= Az =c=0€e(-1,1)
2x
:f;{?ﬂ = 213 ~ Rolle’s Theorem is verified.

(xi) f (x) = sin x + cos x on [0, T1/2]

Solution:

and(;a reer
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. . . 0]
Given function is f(x) =sinx+cosxon Ll 'z

We know that sine and cosine functions are continuous and differentiable on
R. Let’s the value of function f at extremes:

= f (0) = sin (0) + cos (0)
=f(0)=0+1
=f(0)=1

L(E) = sm(2) + o)
() =10

()=

We havef{ﬂj - f(E). So, there exists a ¢ E(D’ E)such that f'(c) = 0.
Let's find the derivative of the function f.

f’{:X) _ d[sirmd:: CosX)

= f'(x) = cos x —sin x
We have f'(c) =0

= Cosc—sinc=0
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We have f'(c)=0

= Cosc—sinc=0

L COSC L sinc = 0
= /2 V2

. m m .
sin (—) COSC — COS (—) sinc = 0
= 4 4

=}c - EE(D’E)

- Rolle’s Theorem is verified.

(xii) f (x) =2 sin x + sin 2x on [0, 1]

Solution:

Given function is f (x) = 2sinx + sin2x on [0, 1]

We know that sine function continuous and differentiable over R.
Let’s check the values of function f at the extremes

= f (0) = 2sin(0) + sin2(0)

=f(0)=2(0)+0

=f(0)=0

= f (1) = 2sin(1T) + Sin2(1)

= f(m)=2(0)+0

= f(m)=0
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Let’s find the derivative of function f.

' _ d{2Zsinx + sin2x)
= f {X) o dx

, _ d(2x)
:}f (x) = 2cosx + COS2X——

= f(x) = 2cosx + 2cos2x

= f(x) = 2cosx + 2(2cos*x — 1)

= f'(x) =4 cos*x + 2 cos X — 2

We have f'(c) = 0,

= 4cos’c+2cosc—-2=0

= 2cos’c+cosc—1=0

= 2cos’c+2cosc—-cosc—1=0

= 2cosc(cosc+1)—1(cosc+1)=0
= (2cosc—1)(cosc+1)=0

_, cosc = iorcosc = —1
_C= EE{U,T[)

“ Rolle’s Theorem is verified. (xiii) f(x) = % — sin %x on [—1,0]

Solution:
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X . MK
Given function is f(x) = ;S (?) on [~ 1, 0]
We know that sine function is continuous and differentiable over R.

MNow we have to check the values of ‘' at an extreme

- f(—1) = _—; —sin (“[:})

_ f(—1) = — 2 _sin (j)

2 &

© = £~ n(")
_, f(0) = 0—sin(0)

=f(0)=0-0

=f(0)=0

We have got f (— 1) =1 (0). So, there exists a c € (— 1, 0) such that f'(c) = 0.

Now we have to find the derivative of the function ¥

:}fI{X:] _ de‘““@))

dx
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=f(0)=0
We have got f (— 1) = (0). So, there exists a c € (— 1, 0) such that f'(c) = 0.

Now we have to find the derivative of the function ¥

. f;{X) _ de_i;::(?))

L1 = 2 eos(3) %

L1700 = 3= Zcos()

We have f'(c)=0
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_E£B£E
2 2,

Cosine is positive between for our convenience we take the

™

interval tobe 2

- D, since the values of the cosine repeats.

3
We know that = value is nearly equal to 1. So, the value of the c nearly equal to

0.
So, we can clearly say that ce (— 1, 0).

. Rolle’s Theorem is verified.

(xiv). f(x) = i—x — 4sin’x on [0, %]

Solution:
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r _ & .
_f (x) = —— 4(2sinxcosx)

r _ &6 .
=}f (x) = —— 4sin2x
We have f'(c) =0

® _4sin2c = 0
=T

4sin2c = £
= ki1

sinZ2c = 2
= 4m

] 1
—_ {: —
We know 4n 2

. 1
sin?c < -
= 2

2c < sin™? (})
= 2

2c< =
= 6
’ _ & _ - d(sinx)
Z}f{)ﬂ—“ 4 X 2sinx X = cc:le([],f)
= 12 6
3] .
_ f'(x) = - 8sinx(cosx) ~ Rolle’s Theorem is verified.

(xv) f (x) = 4%"* on [0, 1]

Solution:

and(;a reer
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Given function is f (x) = 4™ on [0, 1]

We that sine function is continuous and differentiable over R.
Now we have to check the values of function ‘f' at extremes
=f(0)=4"0

= f(0)=4°

=f(0)=1

= f (r) = 45T

= f (m) = 4°

=f(m)=1
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:f{}'[}zc].““n
= f () =4°
=f(n)=1

We have f (0) = f (m). So, there exists a ¢ € (0, ) such that f'{c) = 0.

Now we have to find the derivative of 'f

d{4sinx}
dx

RIOE

disinx)

_f (x) = 4™ log4 —

_, f'(x) = 4™ ]og4 cosx
We have f'(c)=0

= 4""|ogdcosc =0

= Cosc=0

T
_C= EE{:U,’JT)

~ Rolle’s Theorem is verified.

(xvi) f (x) = x2 - 5x + 4 on [0, 11/6]

Solution:

Given function is f (x) = x* = 5x + 4 on [1, 4]

Since, given function f is a polynomial it is continuous and differentiable everywhere i.e., on R.
Let us find the values at extremes

=>f(1)=12-5(1)+4

=>f(1)=1-5+4
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=f(1)=0

=>f(4)=42-54)+4

=>f4)=16-20+4

=f(4)=0

We have f (1) = f (4). So, there exists a ¢ € (1, 4) such that f'(c) = 0.

Let’s find the derivative of f(x):

x% —5x
f;{X:] _ d( di— +4)

dl:xz] _ di5x) + di(4)
dx dx dx

:}f’(xj =
f'(x) =2x-5+0
=f(x)=2x-5

We have f'(c) =0
=f(c)=0

= 2c—5=0

= 2c=5

=C=25¢€(1,4)

. Rolle’s Theorem is verified.

(xvii) f (x) = sin* x + cos* x on [0, T1/2]

Solution:
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Given function is f (x) = sin*x + cos*x on [D’E]

We know that sine and cosine functions are continuous and differentiable
functions over R.

Now we have to find the value of function ' at extremes
= f (0) = sin* (0) + cos* (0)

=f(0) = (0)*+ (1)*

=f(0)=0+1

=f(0)=1

L1(9) = 91 (3) + o)

m™

:)f{g} — 1% + 0*
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Lf(3) = st () + cos* ()
_f(5) =1t + o
Lf(5)=1+0
ROES

™ m™

We havef{ﬂ) - f(E). So, there exists a ¢ E(G’E) such that f'(c) = 0.

Now we have to find the derivative of the function ‘f'.

' N d[sin"‘x+cus"‘x]
;‘tf {X) o dx

P = 4-51[13){% + -’-1-(:053)1%

= f'(x) = 4sin*xcosx—4cosxsinx

= f'(x) = 4 sin x cos X (sin*x — cos’x)
= f'(x) = 2(2 sin x cos x) (— cos 2x)
= f'(x) =— 2(sin 2x) (cos 2x)

= f'(x) = —sin 4x

We have f'(c) =0

=—sindc=0
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= sindc=0

=4c=0o0r T

b1 m
50 =5 E(U'E)
. Rolle’s Theorem is verified.

(xviii) f (x) = sin x — sin 2x on [0, 1]

Solution:

Given function is f (x) = sin x — sin2x on [0, ]

We know that sine function is continuous and differentiable over R.
Now we have to check the values of the function " at the extremes.
= f(0) = sin (0)—sin 2(0)

= f(0) = 0 —sin (0)

=f(0)=0

= f (1) = sin(1T) — sin2(1T)

= f () = 0 — sin(21)

=f(m)=0

We have f (0) = f (11). So, there exists a c € (0, 1) such that f(c) = 0.

Now we have to find the derivative of the function ‘f
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' _ d(sinx—sin2x]
= f {X) N dx

o B d(2x)
:}f(:{) = COSX — COS2X—

_ f'(x) = cosx— 2cos2x
= f'(x) = cos x — 2(2cos*x — 1)
= f'(x) = cos X — 4cos?x + 2
We have f'(c)=0

= Cosc—4cos’c+2=0

—14,/(1)2—(4x—4x2)

COSC =
= 2x—4
_1+/1+33
CosC = ——
= -8
—1+4/33.

— -1
€ =cosT(— )
We can see that c € (0, i)

.. Rolle’s Theorem is verified.

4. Using Rolle’s Theorem, find points on the curve y = 16 — x?, x € [-1, 1], where tangent
is parallel to x — axis.

Solution:

Given functionisy =16 —x%, x e [- 1, 1]

We know that polynomial function is continuous and differentiable over R.
Let us check the values of ‘y’ at extremes

=y (E1)=16-(-1)
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=y(-1)=15

=y (1)=16-(1)

=y((1)=16-1

=y(1)=15

We have y (- 1) =y (1). So, there exists a c € (- 1, 1) such that f'(c) = 0.

We know that for a curve g, the value of the slope of the tangent at a point r is given by g’(r).
Now we have to find the derivative of curve y

=

p o d{16—x%)
dx

=y =-2X

We have y’'(c) =0
=-2c=0
=c=0€(-1,1)
Value of yatx=1is
=>y=16-0°
=>y=16

.". The point at which the curve y has a tangent parallel to x — axis (since the slope of x — axis is
0)is (0, 16).

Exercise 15.2 Page No: 15.17

1. Verify Lagrange’s mean value theorem for the following functions on the indicated
intervals. In each case find a point ‘c’ in the indicated interval as stated by the Lagrange’s
mean value theorem:

(i) f (x) =x2—1on [2, 3]
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Given f (x) =x*—1on [2, 3]

We know that every polynomial function is continuous everywhere on (—eo, =)
and differentiable for all arguments. Here, f(x) is a polynomial function. So it is
continuous in [2, 3] and differentiable in (2, 3). So both the necessary
conditions of Lagrange’s mean value theorem is satisfied.

Therefore, there exist a point ¢ € (2, 3) such that:
f(3) -f(2)
3-2
f(3) -f(2)
1

f(c)=

=f(c)=
fix)=x*—-1

Differentiating with respect to x
'x) = 2x

For f'(c), put the value of x=c in f'(x):
f'{c) = 2c

For f (3), put the value of x=3 in f(x):
f(3)=(3)°-1

=9-1

=8

For f (2), put the value of x=2 in f(x):
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f(2)=(2)*—-1
=4-1

=3

S Fle)=f(3)-F(2)
= 2c=8-3

= 2C=5

5
=c=3 (2, 3)
Hence, Lagrange’s mean value theorem is verified.

(ii)f(x) =x®*-2x2=x+ 3 on [0, 1]
Solution:
Given f (x) =x3*—2x>—x+ 3 on [0, 1]

Every polynomial function is continuous everywhere on (-, «) and differentiable for all
arguments. Here, f(x) is a polynomial function. So it is continuous in [0, 1] and differentiable in
(0, 1). So both the necessary conditions of Lagrange’s mean value theorem is satisfied.

Therefore, there exist a point ¢ € (0, 1) such that:

r f(1) - f(0O
f(C):—{i_D(}
' f(1) - f(0

f(x)=x3—2x*—x+3
Differentiating with respect to x

f(x) = 3x2 — 2(2x) — 1
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=3x>—4x -1

For f'(c), put the value of x=c in f'(x)
f(c)=3c>—4c -1

For f (1), put the value of x = 1 in f(x)
f(1)=(1P°-2(1*- (1) + 3
=1-2-1+3

=1

For f (0), put the value of x=0 in f(x)
f(0)=(0)*-2(0)* - (0) + 3
=0-0-0+3

=3

s f(c) =1(1) - f(0)

= 3c¢*-4¢c-1=1-3

= 3c?-4c=1+1-3

= 3c?-4c=-1

= 3c?-4c+1=0

= 3c¢?-3c-c+1=0

= 3c(c-1)-1(c-1)=0

= (3c-1)(c-1)=0
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= C=

.1

[ = I =

= C=

36(0,1}

Hence, Lagrange’s mean value theorem is verified.

(iii) f (x) = x (x — 1) on [1, 2]
Solution:
Given f (x) = x (x — 1) on [1, 2]
=x2—x

Every polynomial function is continuous everywhere on (-, =) and differentiable for all
arguments. Here, f(x) is a polynomial function. So it is continuous in [1, 2] and differentiable in
(1, 2). So both the necessary conditions of Lagrange’s mean value theorem is satisfied.

Therefore, there exist a point ¢ € (1, 2) such that:

: f(2) - f(1
{0="A= 1D

' f(2) -f(1
N B
f(x) =x%—x

Differentiating with respect to x

f(x) =2x-1

For f(c), put the value of x=c in f'(x):
f(c)=2c -1

For f (2), put the value of x = 2 in f(x)

f(2)=(2¢-2
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For f (1), put the value of x = 1 in f(x):
f(1)=(1)> -1

=1-1

=0

. f(c) =1(2) - f(1)

=2c-1=2-0

=2c=2+1

=2c=3

3
= C= EE(:L_, 2}
Hence, Lagrange’s mean value theorem is verified.

(iv) f (x) =x*-3x + 2 on [-1, 2]
Solution:
Givenf(x)=x?—3x+2on[-1, 2]

Every polynomial function is continuous everywhere on (-, «) and differentiable for all
arguments. Here, f(x) is a polynomial function. So it is continuous in [- 1, 2] and differentiable in
(=1, 2). So both the necessary conditions of Lagrange’s mean value theorem is satisfied.

Therefore, there exist a point ¢ € (-1, 2) such that:
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f(2) -f(-1)
2-(-1)
f(2) - f(-1)
2+1
f(2) - f(-1)
3

f(c)=

= f(0)=

= fI{C)=

f(x)=x*-3x+2

Differentiating with respect to x
f(x)=2x-3

For f'(c), put the value of x = ¢ in f'(x):
f(c)=2c-3

For f (2), put the value of x = 2 in f(x)
f(2)=(2%-3(2)+2

=4-6+2

=0

For f (— 1), put the value of x = — 1 in f(x):
f(=1)=(=1P2-3(-1)+2
=1+3+2

=6
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fof@=f(=1)
3

5 3_0—6

=2c-3=—3

=‘r'2C=T+3

= 2c=—2+3

= 2c=-1

= C= TE( -1, 2)
Hence, Lagrange’s mean value theorem is verified.

= 2c=1

=>c=%€ (-1, 2)

Hence, Lagrange’s mean value theorem is verified.
(v)f(x)=2x>-3x+1o0n[1, 3]

Solution:

Givenf (x)=2x>-3x+1o0n[1, 3]

Every polynomial function is continuous everywhere on (-, «) and differentiable for all
arguments. Here, f(x) is a polynomial function. So it is continuous in [1, 3] and differentiable in
(1, 3). So both the necessary conditions of Lagrange’s mean value theorem is satisfied.

Therefore, there exist a point ¢ € (1, 3) such that:

{0="D =)
r f(3) — f(1
ﬁf(c)=“2 (1)
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f(x)=2x2-3x +1

Differentiating with respect to x
f(x)=2(2x) -3

=4x-3

For f'(c), put the value of x = ¢ in f(x):
f(c)=4c-3

For f (3), put the value of x = 3 in f(x):
f(3)=2(13)*-3(3)+1
=2(9)-9+1

=18-8=10

For f (1), put the value of x = 1 in f(x):
f(1)=2(1)%*-3(1)+1
=2(1)-3+1

=2-2=0
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f(3) — (1)

2

10-0
2

f(o)=

=4c-3 =

4c 10 3
= = —
2+

=4c=5+3
=4c=8

8
=Sc=,= 2¢e(1, 3)

Hence, Lagrange’s mean value theorem is verified.

(vi) f(x)=x2—2x+40on[1, 5]
Solution:
Givenf (x)=x*—2x+4on[1, 5]

Every polynomial function is continuous everywhere on (-, =) and differentiable for all
arguments. Here, f(x) is a polynomial function. So it is continuous in [1, 5] and differentiable in
(1, 5). So both the necessary conditions of Lagrange’s mean value theorem is satisfied.

Therefore, there exist a point ¢ € (1, 5) such that:

: f(5) — f(1
Flo)= { ?5—1( :

f(x)=x*—2x+4

Differentiating with respect to x:
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For f(c), put the value of x=c in f'(x):

f(c)=2c-2

For f (5), put the value of x=5 in f(x):

f(5)=(5)*-2(5)+4

=25-10+4

=19

For f (1), put the value of x = 1 in f(x)
f(1)=(1y-2(1)+4

=1-2+4

=3

f(5) — f(1)
4
19-3

4

f(c)=

= 2Cc-2=

2—15 2
=>c_4+

=2c=4+2
= 2c=6
6
= C=E= 3e(1, 5)
Hence, Lagrange’s mean value theorem is verified.
(vii) f (x) = 2x — x? on [0, 1]

Solution:

Given f (x) = 2x —x% on [0, 1]
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Every polynomial function is continuous everywhere on (-, =) and differentiable for all
arguments. Here, f(x) is a polynomial function. So it is continuous in [0, 1] and differentiable in
(0, 1). So both the necessary conditions of Lagrange’s mean value theorem is satisfied.

Therefore, there exist a point ¢ € (0, 1) such that:

f(1) - f(0)
1-0

f(c)=

= f'(c) = f(1) — f(0)

f(x)=2x—x2

Differentiating with respect to x:
f(x)=2-2x

For f(c), put the value of x = ¢ in f'(x):
f(c)=2-2c

For f (1), put the value of x = 1 in f(x):
f(1)=2(1)-(1)?

=2-1

=1

For f (0), put the value of x = 0 in f(x):

f(0) =2(0) - (0y°

f(c) =f(1) — f(0)
=>2-2c=1-0

=-2c=1-2
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=-2c=-1
-1 1
=}C=_—2=EE{D, 1)

Hence, Lagrange’s mean value theorem is verified.

(viii) f (x) = (x — 1) (x - 2) (x — 3)
Solution:

Given f (x) = (x — 1) (x — 2) (x— 3) on [0, 4]
= (x2—x—2x +2) (x - 3)

= (x2—3x + 2) (x — 3)
=x*—3x2+2x—3x2+ 9x — 6

= x3 - 6x2 + 11x — 6 on [0, 4]

Every polynomial function is continuous everywhere on (-, =) and differentiable for all
arguments. Here, f(x) is a polynomial function. So it is continuous in [0, 4] and differentiable in
(0, 4). So both the necessary conditions of Lagrange’s mean value theorem is satisfied.

Therefore, there exist a point ¢ € (0, 4) such that:

. f(4) — f(0
{ 0= = 1©)
~f(o="2 1O

f(x)=x*—6x>+11x—6
Differentiating with respect to x:
f(x) = 3x2 — 6(2x) + 11
=3x*—12x + 11

For f'(c), put the value of x = ¢ in f(x):
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f(c) = 3c?—12c + 11

For f (4), put the value of x = 4 in f(x):
f(4)=(4P°-6(4)2*+11(4)-6
=64-96+44-6

=6

For f (0), put the value of x = 0 in f(x):
f(0)=(0)*-6 (0)>+ 11 (0)-6
=0-0+0-6

=—6
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r f(4) — f(0)
fo=—"
7— (-9
=}3c2—12C+12=%
7+9
=3c?-12c+12= *

4
16
=:r3c2—12l:+12=?

=3c?-12c+12=4
=3c—12c+8=0

We know that for quadratic equation, ax* + bx +c=0

- bxvb® - 4ac
W =
2a
-(- 12}¢J(- 12)? —-4x3x8
—c= 2x3
_ 12+V144-96
=C= 3
12+./48
=C= ——

6
3c2—12c + 11 = [6 — (-6)]/ 4
3¢2 —12c + 11 = 12/4
3c2-12c+11=3

3c2-12c+8=0

€IindCareer


https://www.indcareer.com/schools/rd-sharma-solutions-for-class-12-maths-chapter-15-mean-value-theorems/
https://www.indcareer.com/schools/rd-sharma-solutions-for-class-12-maths-chapter-15-mean-value-theorems/

€IndCareer

=3cf—12c+12=4
=3c?—12c+8=0

We know that for quadratic equation, ax> + bx+c=0

—bxvVb® - 4ac
W =
2a
—(—12}&:\}(—12}2 -4x3x8
= L= 2}(3
_ 12++144 - 96
=C= 6
12++48
=C= ——
6
12:|:4\/§
=2C= ——
6
12 ichﬁ
=C= 6 3
2V 3
=:-C=2:I:\—!_
3
2V3 2V3
=}C=2+T,2— TEC

Hence, Lagrange’s mean value theorem is verified.
(ix). f(x) = /25 — x2 on [-3, 4]

Solution:
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Given

f(x)=v25-x%on[ -3, 4]
Hernen./ﬂ3°'ﬂl

= 25— x>0

=x*< 25

=-5«<yx<§

= /25 - x? has unique values for all xe( - 5, 5)

 f () is continuous in [- 3, 4]

1
f(x)=(25-x?)2
Differentiating with respect to x:

z-1) d(25 - x?)

1
F(x)=5 (25 - x?) ix
1

= F{x):%[ZS - xz)_i (=2%)

-2
= f'(x)= X I

2 (25-x2)z
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= 25—-x>0
= ¥ < 25

=-—-5<x<h

= /25 - x? has unique values for all xe( - 5, 5)

~ f (x) is continuous in [- 3, 4]

f(x)=(25 - xz)%

Differentiating with respect to x:

1, 2
F(x)=%(25—x2)(2 )$
1

= F{x):%(ZS - xz)_i (=-2%)
= ()= - 2x :
2 (25 -x2)2
L= — 2
2(25 - x2)2

Here also,
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V25 -x2>0

=—-5<x<5
~ f (x) is differentiable in (- 3, 4)

So both the necessary conditions of Lagrange’s mean value theorem is
satisfied. Therefore, there exist a point c € (-3, 4) such that:

f(4) — f(-3)
4-(-3)

f(4) -f(-3)
4+3

f(4) -f(-3)
7

f(c)=

= f(c)=

S f(0)=

f(x)=(25 - xz)%

On differentiating with respect to x:

For f'(c), put the value of x = cin f'(x):
-C
V25 -¢c2

For f (4), put the value of x =4 in f(x):

fi(c)=
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f(4) -f(-3)
4+ 3
f(4) -f(-3)
7

> f(0)=

= f(0)=

f(x)=(25 - xg)%

On differentiating with respect to x:

For f'(c), put the value of x =c in f'(x):

J25-¢c?

For f (4), put the value of x =4 in f(x):

fc)=

f(4)=(25 - 42)%

L f(4)=(25- 16)2

)= {9)% = f( - 3)=(25 - 9)%

=f(4)=3 =>f{—3)={15)%
For f (— 3), put the value of x = — 3 in f(x): =f(-3)=4

1 ' f(4) -f(-3)
f(-3)=(25-(-3)*) FlOo="—"=
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-C 3-4
b =
Jas-c2 7
-C -1
=

J2B-c 7
= -7c=—-425-¢?

Squaring on both sides:

2
= (-7¢)° =(-+/25-¢c?)
= 49c* = 25—
= 50c% = 25

1
=c=x—¢(-3,4
72 ( )

Hence, Lagrange’s mean value theorem is verified.

(x) f (x) = tan"'x on [0, 1]

Solution:

Given f (x) =tan =" x on [0, 1]

Tan ~' x has unique value for all x between 0 and 1.
.. f(x) is continuous in [0, 1]

f(x)=tan~'x

Differentiating with respect to x:
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fx)=

1+x2

x? always has value greater than O.
=>1+x2>0

.. f(x) is differentiable in (0, 1)

So both the necessary conditions of Lagrange’s mean value theorem is satisfied. Therefore,
there exist a point ¢ € (0, 1) such that:
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f(1) - f(0)
1-0
= f(c)=f (1) (0)

f(c)=

f(x)=tan "*x

Differentiating with respect to x:

F0=1e
For f'(c), put the value of x=c in f'(x):
1 M
1 = =—-0
=T 1+c2 4
F(o) 14c¢?
f(1 he val fx=1inf 1 n
= . = = —
For f (1), put the value of x=1in f(x): 172~ 2
_ -1
f(l)=tan™"1 = 4 =n(1+c?)
n
=>f{1)=‘—1 = 4 = n+ nc?
For f (0), put the value of x=0in f(x): = — nc’=n-4
- n-4
f(0)=tan"'0 o 2= -
=f(0)=0 . 4_n
f(c)=f(1)—f(0) SC=Tn
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4
sc= 'E -1=0.52¢(0, 1)

1
Hence, Lagrange’s mean value theorem is verified. (xi) f(x) = x + < on [1,3]

Solution:
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Given
1
f(x)=x +; on[1, 3]

F (x) has unique values for all x € (1, 3)

~ f (x) is continuous in [1, 3]
1
fO)=x+ on[1, 3]

Differentiating with respect to x

f(x)=1+(-1)(x)?
1
Sf0=1-

X% —1
=f'(x) = 2

2
Here,X“#0

= f'(x) exists for all values except 0
T (x) is differentiable in (1, 3)

So both the necessary conditions of Lagrange’s mean value theorem is
satisfied. Therefore, there exist a point ¢ € (1, 3) such that:

f(3) — f(1)
3-1

f(c)=
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So both the necessary conditions of Lagrange’s mean value theorem is
satisfied. Therefore, there exist a point c € (1, 3) such that:

f(3) — f(1)
3-1

f(3) - f(1)
2

f(o)=

>f (0)=

1
f(x)=x+—
(0= X+
On differentiating with respect to x:

xZ -1
FOO ==

For f'(c), put the value of x=c in ' (x):

cZ—1
C2

f(o)=

For f (3), put the value of x = 3 in f(x):

1
f{3)=3+§
= f{3)=9;—1
= f{3]=§

For f (1), put the value of x =1 in f(x):
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1
f(D=1+7
=f(1)=2
L f(g=r3) 1)

2
c?—1 %—2

-T2 2
=2(c°—1) = cz(g—z)
=2(c—1) = cz(g—z)
IYE R
=>2(CE—1)= Cz(g)

= 6(c?*—1) = 4c?

= 6c?— 6 =4c?
=6c'—4c’=6
=2c*=6

6

2

= L=

2
=c’=3

= c=%,/3e(-3,4)

€IndCareer

Hence, Lagrange’s mean value theorem is verified.

(xii) f (x) =x (x + 4)?> on [0, 4]
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Solution:

Given f (x) = x (x + 4)? on [0, 4]
=x[(x)+ 2 (4) (x) + (4)]

= X (X2 + 8x + 16)

= x® + 8x% + 16x on [0, 4]

Every polynomial function is continuous everywhere on (-, =) and differentiable for all
arguments. Here, f(x) is a polynomial function. So it is continuous in [0, 4] and differentiable in
(0, 4). So both the necessary conditions of Lagrange’s mean value theorem is satisfied.
Therefore, there exist a point ¢ € (0, 4) such that:

. f(4) - (O
{ 0=~ 1)

. f(4) — (0
:'f(c)=()4 (0)

f(x) = x> + 8x% + 16x

Differentiating with respect to x:

f(x) = 3x2 + 8(2x) + 16

=3x*+ 16x + 16

For f'(c), put the value of x = ¢ in f(x):
f(c)=3c* + 16¢c + 16

For f (4), put the value of x = 4 in f(x):
f(4)= (4 + 8(4) + 16(4)

=64 + 128 + 64

=256

For f (0), put the value of x = 0 in f(x):
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f(0)=(0)° + 8(0)* + 16(0)
=0+0+0

=0

Iue theorems/
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f(4) — f(0)
4

f(c)=

256 - 0
4

256

=>3C2+15C+ 16=T

=3c?+16c+16=64

=3¢+ 16c+ 16 =

=3c?+16c+16-64=0
=3c’+16c—48=0
For quadratic equation, ax’ + bx+c=0

—b++vb® -4ac

2a

¥ =

- (16}iJ(1E}2 - 4x3x( - 48)

2%X3
- 16x./256+576
=LC= 6
-16%+/832
= L=
6
- 16+ 813
=LC= 3
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— 1644832
= C=
6
- 16+ 813
=C=
6
_-16 , 8/T3
~Cc="% 3
-8 4V13
= 0=
€=73 3
_ -8 413 -8 4yi3
=:-C—3+3 ,3— SEC

Hence, Lagrange’s mean value theorem is verified.
(xiii) f(x) = x2 — 4 on [2,4]

Solution:

€IndCareer


https://www.indcareer.com/schools/rd-sharma-solutions-for-class-12-maths-chapter-15-mean-value-theorems/
https://www.indcareer.com/schools/rd-sharma-solutions-for-class-12-maths-chapter-15-mean-value-theorems/

€IndCareer

1
- f’{x):%[xz “5) “@2v

2X

= f()=——
2 (x2—4)z
X
=f(X)=——
(&9 ——

Here also,v X% —4>0

= f'(x) exists for all values of x except (2, —2)
« f(x) is differentiable in (2, 4)

So both the necessary conditions of Lagrange’s mean value theorem is
satisfied.

Therefore, there exist a point c € (2, 4) such that:
f(4) — f(2)
4-2
f(4) - f(2)
2

f(x)=/x2— 4

On differentiating with respect to x:

f(c)=

S f(0)=

fi(x)=

X
Vx%Z—4
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For f'(c), put the value of x=cin f'(x):  For f'(c), put the value of x=c in '(x):

'F' = F' -
(c) o (o) —

For f (4), put the value of x=4 in f(x): For f (4), put the value of x =4 in f(x):

f(4) = JE

=f(4) = (16 - 4)%
= f(4)=12

f(4) = JE

=f(4) = (16 - 4)%
= f(4)=12

=c?=3c-12

=-2c°=-12
-12
c’=
= )
=c’=6

=}C=:|:Jg
=c=+6¢€(2,4)

Hence, Lagrange’s mean value theorem is verified.

=c=.6€(2,4)

Hence, Lagrange’s mean value theorem is verified.

(xiv) f (x) =x?+x -1 0n [0, 4]
Solution:
Given f (x) = x?+x—1o0n [0, 4]

Every polynomial function is continuous everywhere on (-, =) and differentiable for all
arguments. Here, f(x) is a polynomial function. So it is continuous in [0, 4] and differentiable in
https://www.indcaree olil 100 d-sharma-solutions-for-cla - -MainsS-CNdpier- -medn-vd
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(0, 4). So both the necessary conditions of Lagrange’s mean value theorem is satisfied.
Therefore, there exist a point ¢ € (0, 4) such that:

{0="D = F©)
. f(4) — (0
=:-f{c)=(]4 (0)

f(x)=x2+x-1

Differentiating with respect to x:
f(x)=2x+1

For f(c), put the value of x = ¢ in f'(x):
f(c)=2c+ 1

For f (4), put the value of x = 4 in f(x):
f(4)=@4y2+4-1

=16+4 -1

=19

For f (0), put the value of x = 0 in f(x):
f(0)=(0*+0-1

=0+0-1

=1
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. f(4) - f(0)
flo=—7
19-(-1)
=}2C+1—T
> 1_20
=2C+ 1= a
=2c+1=5
=2c=5-1
=Jc=4

4
= C= 3 =2€(0,4)

@I Nnuuarcci

Hence, Lagrange’s mean value theorem is verified.

=Jc+1=5
=2c=5-1
=2c=4

4
=c=5 =2€(0,4)

Hence, Lagrange’s mean value theorem is verified.

(xv) f (x) = sin x — sin 2x — x on [0, 1]

Solution:

Given f (x) = sin x — sin 2x — x on [0, 1]

Sin x and cos x functions are continuous everywhere on (-, <) and differentiable for all
arguments. So both the necessary conditions of Lagrange’s mean value theorem is satisfied.
Therefore, there exist a point ¢ € (0, 1) such that:
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: f(n) — £(0
(0= {ni_o( )
- (=T = O

f(x) =sin x—sin 2x—x
Differentiating with respect to x:
f(x) =sinx—sin 2x—x

d(2x)
dx

= f(x)=cosx-2cos2x -1

= f'(X)=cos X — cos 2x 1

For f'(c), put the value of x=c in '(x):
fc)=cosc—2cos 2c—1

For f (m), put the value of x = in f(x):
f(m)=sinm—sin2n—mn

=0-0—-m

=—T

For f (0), put the value of x=0in f(x):
f{0)=sin0—sin 2(0)—0
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=—T
For f (0), put the value of x=0 in f(x):
f(0) =sin0—sin 2(0) -0
=sin0—sin0—-0

=0-0-0

=0

(o fm - f(0)

-n-0

=Co0sc-2cos2c-1=

= Cosc—2cos2c—1=-1

= Cosc—2(2cos’c—1)=—1+1
= Cosc—4cos’c+2=0

= 4cos’c—cosc—2=0

For quadratic equation, ax’* + bx +c=0

-bxvb® -4ac
X =
2a
-(-1}¢J(-1}2-4x4x(-2}
= CO0SC=

2x4
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1+J1 + 32

= 05C= ———
8
1++/33
= CO05C= T

1+/33
=c=cos ! (%)E[D, n)

Hence, Lagrange’s mean value theorem is verified.

(xvi) f (x) =x3-5x>-3x on [1, 3]
Solution:
Given f (x) = x3 = 5x2—3xon [1, 3]

Every polynomial function is continuous everywhere on (-, =) and differentiable for all
arguments. Here, f(x) is a polynomial function. So it is continuous in [1, 3] and differentiable in
(1, 3). So both the necessary conditions of Lagrange’s mean value theorem is satisfied.

Therefore, there exist a point ¢ € (1, 3) such that:

r f(3) - f(1
{0
- fo=T W)

f (x) = x3 — 5x% — 3x

Differentiating with respect to x:

f(x) =3x2-5(2x) -3
=3x*-10x-3

For f(c), put the value of x=c in f'(x):

f(c)= 3c?— 10c — 3
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For f (3), put the value of x = 3 in f(x):
f(3)=(3)*-5(3)*-3(3)
=27-45-9

=-27

For f (1), put the value of x = 1 in f(x):
f(1)=(1°-5(1)7-3(1)

=1-5-3

=—7
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. f(3) - f(1)
flO=""5"—
=27)=(=-7
=}3c2—10c—3={ 7=« )
2
-27+7
=3c2-10c-3=——
2
-20
=>3C2—1DC—3=T

=3c?-10c-3=-10

= 3c*—10c—3+10=0
=3c*-10c+7=0
=3c?-7c—3c+7=0
=k(3c-7)-1(3c-7)=0
= (3c—=7)(c—1)=0

=c==,1

3
7
=c=3 (1, 3)
Hence, Lagrange’s mean value theorem is verified.

= 3¢?-10c-3=-10

= 3¢?-10c-3+10=0
= 3¢?-10c+7=0

= 3¢?-7c-3c+7=0

=cBc-7)-13c-7)=0
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= C=

1

W~

7
= C= E E(i_, 3}
Hence, Lagrange’s mean value theorem is verified.

2. Discuss the applicability of Lagrange’s mean value theorem for the function f(x) = |x|
on[-1,1].

Solution:
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Given f (x) = |x| on [-1, 1]

x<0

- X,
So f(x) can be defined as_[ X, x20

For differentiability at x =0,
f(0-h)-f(0O
LHD = lim_ ( ) ~f0)

®x—=0 —h

{Since f(x) = —x, x<0}

-(0-h)-0
_xl—lxnt;l' ( —h)
= lim h—_D
x—=0" =h
= lim L
x—0" =h
-1
RHD = |im (0= -f(0)
x—0% -h

{Since f(x) = x, x>0}
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{Since f(x) = x, x>0}

LHD = RHD
= f (x) is not differential at x=0
~ Lagrange’s mean value theorem is not applicable for the function f(x) = | x|
on[—1, 1].
3. Show that the Lagrange’s mean value theorem is not applicable to the function f(x) =
1/x on [-1, 1].
Solution:

Given

F{x):% on[-1, 1]

Here, x#0

= f (x) exists for all values of x except 0
= f (x) is discontinuous at x=0

.". f(x) is not continuous in [- 1, 1]

Hence the Lagrange’s mean value theorem is not applicable to the function f (x) = 1/x on [-1, 1]
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4. Verify the hypothesis and conclusion of Lagrange’s mean value theorem for the
function

1
1 < x <4,

i) =geoptsxs

Solution:

Given

and(;a reer
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f(x)= on[1, 4]

a4x -1
Where 4x—1>0
f'{x) has unique values for all x except ¥

~ f (x) is continuous in [1, 4]

f(x)=

4x -1
Differentiating with respect to x:
F(X)=(-1)(4x-1)"%(4)
4
(4x -1)°
Here, 4x—1=0

= f(x)=—

f'{x) has unique values for all x except ¥
< (x) is differentiable in (1, 4)

So both the necessary conditions of Lagrange’s mean value theorem is
satisfied. Therefore, there exist a point c € (1, 4) such that:

L f4) -f(1
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f(x)=

4x -1
On differentiating with respect to x:

fi(x) =— —4 =
(4x - 1)
For f'(c), put the value of x=c in f'(x):
4

For f (4), put the value of x =4 in f (x):

fi(c)=—
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4
(4c-1)°
For f (4), put the value of x =4 in f (x):

Flc)=—

@=2@-1

1
A OEE=

For f (1), put the value of x =1 in f(x):

f(1)=

4(1)-1
=f(1)= = 2 i_l
4-1 = -3(4)= (4c-1) (15 3)
1
= f(1)=3 3-15
3 _ 2
=-12=(4¢c-1) ( 25 )
- f(4) - f(1)
=flO=—"73—" L[ -12
. ) ) =-12=(4c-1) (—45 )
— =E_§
(4(:—1}2 3 = =12x —415.2= (4(3—1}2
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45 2
= -12x — 5= (4c-1)

= (4c—1)2=45

= (4c-1) = £,/45

= (4c-1) =x 3,/5

+3V5 +1
=C= —
4
3V5+1
Sc= “’T =1.92 €(1, 4)

Hence, Lagrange’s mean value theorem is verified.

5. Find a point on the parabola y = (x — 4)%, where the tangent is parallel to the chord
joining (4, 0) and (5, 1).

Solution:
Given f(x) = (x —4)? on [4, 5]
This interval [a, b] is obtained by x — coordinates of the points of the chord.

Every polynomial function is continuous everywhere on (-, =) and differentiable for all
arguments. Here, f(x) is a polynomial function. So it is continuous in [4, 5] and differentiable in
(4, 5). So both the necessary conditions of Lagrange’s mean value theorem is satisfied.

Therefore, there exist a point ¢ € (4, 5) such that:
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f(5) — f(4)

5-4

f(5) — f(4)
1

f(o)=

= f(c)=

f(x)=(x—4)
Differentiating with respect to x:

d(x-4)

f(x)=2(x - 4) o

= F(x) =2 (x—4) (1)
= f(x) = 2 (x — 4)

For f'(c), put the value of x=c in F(x):
f(c)=2(c—-4)

For f (5), put the value of x=5 in f(x):
f(5)=(5-4)

= (17

=1

For f (4), put the value of x=4 in f(x):
f(4)= (4 -4y

= (0y

=0

f(c) =f(5) - f(4)

=2(c-4)=1-0
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=2c=1+8

S
=c=5 = 4.5€(4, 5)

We know that, the value of ¢ obtained in Lagrange’s Mean value Theorem is nothing but the
value of x — coordinate of the point of the contact of the tangent to the curve which is parallel to
the chord joining the points (4, 0) and (5, 1).

Now, put this value of x in f(x) to obtain y:

y = (x— 4y

=>\j|l'— 2—
_[9-8 2

=}\_||!'— 2

=y = >
1

=>\j|l’—4

9 1
Hence, the required pointis (E p :})
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Chapterwise RD Sharma
Solutions for Class 12 Maths :

e Chapter 1—Relation

e Chapter 2—Functions

e Chapter 3—Binary Operations

e Chapter 4—Inverse Trigonometric Functions

e Chapter 5—Algebra of Matrices

e Chapter 6—Determinants

e Chapter 7—Adjoint and Inverse of a Matrix

e Chapter 8—Solution of Simultaneous Linear Equations
e Chapter 9—Continuity

e Chapter 10—Differentiability

e Chapter 11—Differentiation

e Chapter 12—Higher Order Derivatives

e Chapter 13—Derivatives as a Rate Measurer

e Chapter 14—Differentials, Errors and Approximations

e Chapter 15—Mean Value Theorems

e Chapter 16—Tangents and Normals

e Chapter 17-Increasing and Decreasing Functions

e Chapter 18—Maxima and Minima

e Chapter 19—Indefinite Integrals
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About RD Sharma

RD Sharma isn't the kind of author you'd bump into at lit fests. But his
bestselling books have helped many CBSE students lose their dread of
maths. Sunday Times profiles the tutor turned internet star

He dreams of algorithms that would give most people nightmares. And,
spends every waking hour thinking of ways to explain concepts like 'series
solution of linear differential equations'. Meet Dr Ravi Dutt Sharma —
mathematics teacher and author of 25 reference books — whose name
evokes as much awe as the subject he teaches. And though students have
used his thick tomes for the last 31 years to ace the dreaded maths exam,
it's only recently that a spoof video turned the tutor into a YouTube star.

R D Sharma had a good laugh but said he shared little with his on-screen
persona except for the love for maths. "I like to spend all my time thinking
and writing about maths problems. I find it relaxing," he says. When he is
not writing books explaining mathematical concepts for classes 6 to 12 and
engineering students, Sharma is busy dispensing his duty as vice-principal
and head of department of science and humanities at Delhi government's
Guru Nanak Dev Institute of Technology.
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