15. Mean Value Theorems

Exercise 15.1

1 A. Question

Discuss the applicability of Rolle’s theorem for the following functions on the indicated intervals :
f(x) =3+ (x-2)*30on[1, 3]

Answer

First, let us write the conditions for the applicability of Rolle’s theorem:

For a Real valued function ‘f":

a) The function ‘f' needs to be continuous in the closed interval [a,b].

b) The function ‘f’ needs differentiable on the open interval (a,b).

Then there exists at least one c in the open interval (a,b) such that f'(c) = 0.

(i) Given function is:

2
= f(x) = 3 + (x—2)s °n[1.3]
Let us check the differentiability of the function f(x).

Let's find the derivative of f(x),

= = (3 + x-2)3)

oo
X— 3
aw , A

=
fr (X) - dx dx

=f(x) = 0 + g(x—z)i-l

= f(x) = S(x- 2)7

2

=f(x) =

1
3(x—2)3

Let’s the differentiability at the value of x = 2

2

=1j11%f’(x) = lim

x“23(x—2]§
. r 2
= limf'(x) = <
x—2 3(2-2)3
=limf(x) = 2
x-2 30

ﬁliﬂ%f’(){) = undefined

. 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].

1 B. Question

Discuss the applicability of Rolle’s theorem for the following functions on the indicated intervals :

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



Answer

Given function is:

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

Let us check the continuity of the function ‘f".

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

= x1_1»1111+ flx) = 3{1_1.1111+ [x]

= x1_1’1111+ f(x) xllfll h[I=<i] where h>0.

= lim f(x) = lim1
x—=1+ h—0

= xl_{lfl)f flx) =1... (1)
- lim £(x) = lim ]
= X111111_ f(x) = xgllllh[x], where h>0
- Jim ) = limo
= lim f(x) = 0 ... (2)
X—=1-

From (1) and (2), we can see that the limits are not the same so, the function is not continuous in the interval
[-11]

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

1 C. Question

Discuss the applicability of Rolle’s theorem for the following functions on the indicated intervals :
f(x) =sinl/xfor-1=x=<1

Answer

Given function is:

= f(x) = sin G) for - 1=x=<1

Let us check the continuity of the function ‘f’ at the value of x = 0.

We can not 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 and x = 0, and we check whether they are equal or not.

Right - Hand Limit:
. . . 1
= — _
xl—1~10H+ flx) = xl_l.Io]1+ sin (J

We assume that the limit lim sin (3) =k, ke[ -1,1].
h—0 h

. . . 1
= lim f(x) = lim sin (—) where h>0
x—0 + x—=0+h x

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

. . . 1
= xgg1+ flx) = Elj}] sin (E)
= lim f(x) = k... (1)

Left - Hand Limit:



. . . 1
= lim f(x) = lim 5111(—)
x—=0- x—=0— X
. . . 1
= lim f(x) = lim 5111(—). where h>0
x—=0- x=0-h X
= lim f(x) = limsin (i)
X—0- h—=0 0-h
= lim f(x) = limsin (i)
x—0— h—0 -h.
= lim f(x) = lim —sin (3)
x—=0— h—0 h
. . . 1
= lim f(x) = —limsin (—)
x—=0— h

h—0

= lim f(x) = —k (2)

wnpe T T e

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 ‘f" in the interval [ - 1,11].

1 D. Question

Discuss the applicability of Rolle’s theorem for the following functions on the indicated intervals :
f(x) = 2x2 - 5x + 3 on [1, 3]

Answer

Given function is:

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

Since given function ‘f" is a polynomial. So, it is continuous and differentiable every where.
Now, we find the values of function at the extremum values.

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

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

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].

1 E. Question

Discuss the applicability of Rolle’s theorem for the following functions on the indicated intervals :
f(x) =x*3on[-1,1]

Answer

Given function is:

= f(x) = x;on[-11]



Let’s find the derivative of the given function:
T = ﬂ
= f'(x) = 2x3 !
= f'(x) = 3x7
=>f'(x) = =
Let’s check the differentiability of the function at x = 0.

. . 2
= limf(x) = lim—
x—0 x—=04.3

2

S limf(x) = T
x—0 EYE

:)HI‘%F(X) = undefined

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].

1 F. Question

Discuss the applicability of Rolle’s theorem for the following functions on the indicated intervals :

J’—4x +5 0<

f(x)s=
| 2x-3. 1<

Answer

Given function is:

- f(x) = {—4){—1— Ebo=x=1
Tl 2x—3,1<x<2

Let’s check the continuity at x = 1 as the equation of function changes.

Left - Hand Limit:

= lim f(x) = lim —4x + 5
x—=1— x—=1-

= 111111 f(x) = —4(1) + 5
o il

= lim f(x) = 1. (1)
x—=1—

Right - Hand Limit:

lim 2x— 3

x—=1+

= xl_l}fh f(x)
- xl_{lfl)f f(x) = 2(0) -3
= x1_1»1111+ flx) = —-1... (2)

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 ‘f’ in the interval [0,2].

2 A. Question



Verify Rolle’s theorem for each of the following functions on the indicated intervals :
f(x) = x? - 8x + 12 on [2, 6]

Answer

First let us write the conditions for the applicability of Rolle’s theorem:

For a Real valued function ‘f":

a) The function ‘f' needs to be continuous in the closed interval [a,b].

b) The function ‘f’ needs differentiable on the open interval (a,b).

Then there exists at least one c in the open interval (a,b) such that f'(c) = 0.
Given function is:

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

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

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

Let’s find the derivative of f(x):

- .
=fr(X) _ dix ::+ 12)

. _ d(x*)  dex) | d(12)
~f (X) T ax dx dx

=>f'(x) = 2x—8 + 0
=f'(x) =2x-8

We have f'(c) = 0 ce(2,6), from the definition given above.

=f(c)=0
=22c-8=0
=22c=8

g
=2 = -

2
= C = 4€(2,6)

.. Rolle’'s theorem is verified.
2 B. Question

Verify Rolle’s theorem for each of the following functions on the indicated intervals :

f(x) = x2 - 4x + 3 on [1, 3]



Answer

First let us write the conditions for the applicability of Rolle’s theorem:

For a Real valued function ‘f":

a) The function ‘f" needs to be continuous in the closed interval [a,b].

b) The function ‘f’ needs differentiable on the open interval (a,b).

c) f(a) = f(b)

Then there exists at least one c in the open interval (a,b) such that f'(c) = 0.
Given function is:

= f(x) = x2 - 4x + 3 0n[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 extremums:

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

=f(l)=1-4+3

=>f(l)=0

=f(3) =32-4(3) + 3

=2f3)=9-12+3

=f(3)=0

- f(1) = f(3), Rolle’s theorem applicable for function ‘f' on [1,3].

Let’s find the derivative of f(x):

e
= f'(x) = W

d(x?)  dl4x) d(z)

dx dx dx

=f'(x) =
=>f(x) = 2x—4 + 0
=f(x)=2x-4

We have f'(c) = 0 ce(1,3), from the definition given above.

=f(c)=0
=22c-4=0
=22c=4

4
>0 = -

2
= C = 2¢(1,3)

. Rolle’s theorem is verified.

2 C. Question

Verify Rolle’s theorem for each of the following functions on the indicated intervals :
f(x) = (x - 1) (x - 2)? on [1, 2]

Answer

First let us write the conditions for the applicability of Rolle’s theorem:

For a Real valued function ‘f':



a) The function ‘f" needs to be continuous in the closed interval [a,b].

b) The function ‘f’ needs differentiable on the open interval (a,b).

c) f(a) = f(b)

Then there exists at least one c in the open interval (a,b) such that f'(c) = 0.
Given function is:

= f(x) = (x - 1)(x - 2)2 on [1,2]

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

= f(1) = (1-1)(1-2Y

= f(1) = 0(1)?

=>f(l)=0

= f(2) = (2-1)(2 - 27

= f(2) = 1.0°

=f(2)=0

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

Let's find the derivative of f(x):

d((x—1)(x—2)%)

=f'(x) = .

Differentiating using UV rule

d{(x—z]zj
dx

=f(x) = (x—2)*x =2 4 (x— 1) x
= f(x) = ((x - 2)2x1) + ((x - 1)x2x(x - 2))

=f(x) =x2-4x + 4 + 2(x* - 3x + 2)

= f'(x) = 3x* - 10x + 8

We have f'(c) = 0 ce(1,2), from the definition given above.
=f(c)=0

=3c?-10c+8=0

104,/(-10)2—{4x3x8)

=0 =
2x3
_
o = 10+y/100—96
6
1042
S0 = —

6

12 g8
=C==o0rc =-
3] &

=c = ge(l,Z) (neglecting the value 2)

.. Rolle’s theorem is verified.
2 D. Question

Verify Rolle’s theorem for each of the following functions on the indicated intervals :



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

Answer

First let us write the conditions for the applicability of Rolle’s theorem:

For a Real valued function ‘f":

a) The function ‘f" needs to be continuous in the closed interval [a,b].

b) The function ‘f’ needs differentiable on the open interval (a,b).

c) f(a) = f(b)

Then there exists at least one c in the open interval (a,b) such that f'(c) = 0.
Given function is:

= f(x) = x(x - 1)? on [0,1]

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

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

=f(0)=0

= f(1) = 1(1 - 1)?

- f(0) = f(1), Rolle’'s theorem applicable for function ‘f' on [0,1].
Let’s find the derivative of f(x):

r _ d(xi(x—1)%)
=f'(x) = —a
Differentiating using UV rule,

@ d((x—l]z)
dx T X dx

=f(x) = (x—1)%x
= f'(x) = ((x - 1)2x1) + (xx2x(x - 1))

= f'(x) = (x - 1)? + 2(x? - x)

=f(x) = x2-2x + 1 + 2x2 - 2x

=f(x) =3x2-4x + 1

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

=3c?2-4c+1=0

44,/ (—4)2—(4x3x1)

ﬁc =
2x3
R
sc = 4+\16-12
6
—
S = 41v4

6

] 2
=C=-0rc=-
] ]



ﬁc=§dQD

. Rolle’s theorem is verified.

2 E. Question

Verify Rolle’s theorem for each of the following functions on the indicated intervals :
f(x) = (x2-1)(x-2)on[ -1, 2]

Answer

First let us write the conditions for the applicability of Rolle’s theorem:

For a Real valued function ‘f":

a) The function ‘f’ needs to be continuous in the closed interval [a,b].

b) The function ‘f’ needs differentiable on the open interval (a,b).

c) f(a) = f(b)

Then there exists at least one c in the open interval (a,b) such that f'(c) = 0.
Given function is:

= f(x) = (x? - 1)(x - 2) on [ - 1,2]

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

=f(-1) =((-1P-1)(-1-2)

=>f(-1)=(1-1)(-3)

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

=f(-1)=0

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

= f(2) = (4 - 1)(0)

=f(2)=0

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

Let's find the derivative of f(x):

= f'(x) = d((xz_dlj(-“_zn

Differentiating using UV rule,

di{x—2)
dx

=) = x-2)x 4 21
= f'(x) = ((x - 2)x2x) + ((x2 - 1)x1)
=f(x) =2x2-4x + x2 -1

=f(x) =2x2-4x-1

We have f'(c) = 0 ce( - 1,2), from the definition given above.
=f(c)=0

=2c%-4c-1=0

S0 = 4+,/(—4)2—(4x2x-1)
2x2




e — 44416 +8
4
e = 44424
4
4 + 246 428
2¢ = orc =

>0 = 1—%%6(—1,2)

. Rolle’s theorem is verified.

2 F. Question

Verify Rolle’s theorem for each of the following functions on the indicated intervals :
f(x) = x(x - 4)%2 on [0, 4]

Answer

First let us write the conditions for the applicability of Rolle’s theorem:

For a Real valued function ‘f":

a) The function ‘f' needs to be continuous in the closed interval [a,b].

b) The function ‘f’ needs differentiable on the open interval (a,b).

c) f(a) = f(b)

Then there exists at least one c in the open interval (a,b) such that f'(c) = 0.
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 extremums:

= f(0) = 0(0 - 4)?

= f(0) =0

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

= f(4) = 4(0)?

=f4)=0

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

Let’s find the derivative of f(x):

; _ d(xi(x—4)?)
=f(x) = Y
Differentiating using UV rule,

d{(x—4]2}
dx

=f(x) = (x— 47 x2 + x
= f(X) = ((X - 4)2%1) + (xX2X(x - 4))
= f(x) = (X - 4)2 + 2(x2 - 4x)

= f'(x) = x2 - 8X + 16 + 2x2 - 8x



= f'(x) = 3x2 - 16X + 16

We have f’(c) = 0 ce(0,4), from the definition given above.
=f(c)=0

=3c?-16c+16=0

164,/(-16)2—(4x3x16)

=|: p—
2x3
Mmee 207
S = 16+,/256—192
&
= — 16464
]
8 24
=C=-0rc = —
] &
8
=0 = 36(0,4)

. Rolle’s theorem is verified.

2 G. Question

Verify Rolle’s theorem for each of the following functions on the indicated intervals :
f(x) = x(x - 2)% on [0, 2]

Answer

First let us write the conditions for the applicability of Rolle’s theorem:

For a Real valued function ‘f":

a) The function ‘f’ needs to be continuous in the closed interval [a,b].

b) The function ‘f’ needs differentiable on the open interval (a,b).

c) f(a) = f(b)

Then there exists at least one c in the open interval (a,b) such that f'(c) = 0.
Given function is:

= f(x) = x(x - 2)? on [0,2]

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

= f(0) = 0(0 - 2)?

=f(0)=0

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

=f(2) = 2(0)?

= f(2) =

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

Let’s find the derivative of f(x):

d(xi(x—2)%)

=f'(x) = =

Differentiating using UV rule,

a2
4 | d(6-2)?)

=>f(x) = (x—2)%x - -



= f'(x) = ((x - 2)?X1) + (xX2X(x - 2))

= f(x) = (x - 2)2 + 2(x2 - 2x)

= f'(x) = X2 - 4x + 4 + 2x2 - 4x

=f(x) =3x2-8x + 4

We have f’(c) = 0 ce(0,1), from the definition given above.
=>f(c)=0

=3c2-8c+4=0

84,/ (—8)2—(4x3x4)

= =
2x3
S = 8+64—43
6
=0 = g+/16
(]
12
=>C=—0rc = -
(5]
=c = 1€(0,2)

. Rolle’s theorem is verified.

2 H. Question

Verify Rolle’s theorem for each of the following functions on the indicated intervals :
f(x) =x2+5x+60n[-3,-2]

Answer

First let us write the conditions for the applicability of Rolle’s theorem:

For a Real valued function ‘f":

a) The function ‘f' needs to be continuous in the closed interval [a,b].

b) The function ‘f’ needs differentiable on the open interval (a,b).

Then there exists at least one c in the open interval (a,b) such that f'(c) = 0.
Given function is:

=f(x) =x2+5x+6o0n[-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 extremums:

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

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

=f(-3)=

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

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

=f(-2)=0

- f(-3) =f( - 2), Rolle’s theorem applicable for function ‘f" on [ - 3, - 2].

Let’s find the derivative of f(x):



d(x® + 5% + 6)

=) = dx

d{xz] " d(5x) 1 @

= fr —
f (X) dx dx dx

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

We have f'(c) = 0 ce( - 3, - 2), from the definition given above.

=f(c)=0
=22c+5=0
=2c=-5
=.;=_§

=>C=-2.5¢e(-3,-2)

. Rolle’s theorem is verified.
3 A. Question

Verify Rolle’s theorem for each of the following functions on the indicated intervals :
f(x) = cos 2 (x - m/4) on [0, /2]

Answer

First, let us write the conditions for the applicability of Rolle’s theorem:
For a Real valued function ‘f":

a) The function ‘f’ needs to be continuous in the closed interval [a,b].

b) The function ‘f’ needs differentiable on the open interval (a,b).

Then there exists at least one c in the open interval (a,b) such that f'(c) = 0.

Given function is :
= f(x) = cos2 (x— E) on [OE]

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

Let’'s find the values of the function at an extremum,

= f(0) = cos2 (0 — E)
= f{0) = cos2 (—E)

= f(0) = cos (—g)

We know that cos( - x) = cosx

= f(0) = 0
~1(5) = cos2(5-3)
=1(3) = cos2(})
=1(3) = cos(3)



(-
We got f(0) = fG) so there exist a ce (0, g) such that f'(c) = 0.

Let’s find the derivative of f(x)

afcos2(x-1))

dx

“f'(x) = —sin (2 (X—E))w

Tf(x) =

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

:—251112(-:—2) =0

. Rolle’s theorem is verified.
3 B. Question

Verify Rolle’s theorem for each of the following functions on the indicated intervals :
f(x) = sin 2x on [0, 1/2]

Answer

First, let us write the conditions for the applicability of Rolle’s theorem:
For a Real valued function ‘f":

a) The function ‘f" needs to be continuous in the closed interval [a,b].

b) The function ‘f’ needs differentiable on the open interval (a,b).

Then there exists at least one c in the open interval (a,b) such that f'(c) = 0.

Given fuction is:

= f(x) = sin2x on [OE]
We know that sine function is continuous and differentiable on R.
Let’s find the values of function at extremum,

= f(0) = sin2(0)

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

ﬂf(g) = sin2 G)
=f(g) = sin(m)
~(®) - 0



We got f(0) = f(g) so there exist a ce (0, g) such that f'(c) = 0.

Let’s find the derivative of f(x)

= fr (X) _ d(sciilfx]

=f'(x) = cost%

= f'(x) = 2c0s2x
We have f'(c) = 0,

= 2cos2c =0

L
=2C = -
2

- - 2e03)

. Rolle’s theorem is verified.

3 C. Question

Verify Rolle’s theorem for each of the following functions on the indicated intervals :
f(x) = cos 2x on [- /4, /4]

Answer

First, let us write the conditions for the applicability of Rolle’s theorem:

For a Real valued function ‘f":

a) The function ‘f’ needs to be continuous in the closed interval [a,b].

b) The function ‘f’ needs differentiable on the open interval (a,b).

c) f(a) = f(b)

Then there exists at least one c in the open interval (a,b) such that f'(c) = 0.

Given function is:
= C0S2X on —E,E]
4’4

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

Let’s find the values of the function at an extremum,

~t(-2) = cona(-3)
= f(0) = cos (—E)

We know that cos( - x) = cosx

=f(0)=0

+1(3) = ()
+1(3) - cos(2)
~1(3) o

We got f(— E) = fG) so there exist a ce (—EE) such that f'(c) = 0.



Let’s find the derivative of f(x)

=fr(X) _ d(c::?x]
={'(x) = —sian%
= f'(x) = - 2sin2x

We have f'(c) = 0,
=-2sin2c =0

=22c=0

- = 2c03)

. Rolle’s theorem is verified.

3 D. Question

Verify Rolle’s theorem for each of the following functions on the indicated intervals :
f(x) = eX*sin x on [0, m]

Answer

First, let us write the conditions for the applicability of Rolle’s theorem:

For a Real valued function ‘f":

a) The function ‘f' needs to be continuous in the closed interval [a,b].

b) The function ‘f’ needs differentiable on the open interval (a,b).

Then there exists at least one c in the open interval (a,b) such that f'(c) = 0.

Given function is:

= f(x) = eXsinx 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 extremum,

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

= f(0) = 1x0
=f(0) =0
= f{m) = eMsin(m)

=f(m) = e"x0
=flm) = 0
We got f(0) = f(m), so there exist a ce(0,m) such that f'(c) = 0.
Let’s find the derivative of f(x)
; _ d{e®sinx)
=f'(x) = —

=f(x) = smx% + ex%

= f’(x) = eX(sinx + cosx)



We have f'(c) = 0,
= e%(sinc + cosc) = 0

= sinc + cosc =0

1 . 1
= —sinc + —cosc = 0
v 2 V2

. L . M
= sin (:) sinc + cos (Z) cosc = 0

. Rolle’s theorem is verified.

3 E. Question

Verify Rolle’s theorem for each of the following functions on the indicated intervals :
f(x) = eX cos x on [- /2, /2]

Answer

First, let us write the conditions for the applicability of Rolle’s theorem:

For a Real valued function ‘f":

a) The function ‘f" needs to be continuous in the closed interval [a,b].

b) The function ‘f’ needs differentiable on the open interval (a,b).

c) f(a) = f(b)

Then there exists at least one c in the open interval (a,b) such that f'(c) = 0.

Given function is:
= f(x) = eXcosx on [—Eg]

We know that exponential and cosine functions are continuous and differentiable on R.

Let’s find the values of the function at an extremum,

= f(-3) = e7seos(=3)

2

:f(—g) = E_EXO
(-9 =0

+1(3) - ekeo(?)

T
= f(m) = ezx 0
=f(m) =0
We got f(— g) = f(g) so there exist a ce (—gg) such that f'(c) = 0.

Let’s find the derivative of f(x)

d{e* cosx)

=) = dx




d(e® d(cos:
=f'(x) = cosx—f;j 4 e“—c‘:;“]

= f'(x) = eX( - sinx + cosx)
We have f'(c) = 0,
= e - sinc + cosc) =0

= -sinc+ cosc =0
-1 1
= —sinc + —cosc = 0
V2 V2
. A1 . m
= —sin (1) sinc + cos (Z) cosc = 0
s
=>cos(c + Z) =0
bl
=2Cc+ - =
4
m m T
ve=ie(-29
4 2°2

.. Rolle’s theorem is verified.

T
2

3 F. Question

Verify Rolle’s theorem for each of the following functions on the indicated intervals :
f(x) = cos 2x on [0, 1]

Answer

First, let us write the conditions for the applicability of Rolle’s theorem:

For a Real valued function ‘f":

a) The function ‘f" needs to be continuous in the closed interval [a,b].

b) The function ‘f’ needs differentiable on the open interval (a,b).

Then there exists at least one c in the open interval (a,b) such that f'(c) = 0.
Given function is:

= f(x) = cos 2x on [0,1r]

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

= f(0) = cos2(0)

= f(0) = cos(0)

=f(0) =1

= f(mr) = cos2(m)

= f(mr) = cos(2m)

=>f(m) =1

We got f(0) = f(m), so there exist a Ce(0,m) such that f'(c) = 0.
Let’s find the derivative of f(x)

:’fI(X) _ d(cz:2x]



=f{'(x) = — 51112);%

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

=>C = EE[:O,TII)

.. Rolle’'s theorem is verified.
3 G. Question

Verify Rolle’s theorem for each of the following functions on the indicated intervals :

f(x):sulkxt:mili)ﬁxgrt

=

Answer

First, let us write the conditions for the applicability of Rolle’s theorem:

For a Real valued function ‘f":

a) The function ‘f’ needs to be continuous in the closed interval [a,b].

b) The function ‘f’ needs differentiable on the open interval (a,b).

c) f(a) = f(b)

Then there exists at least one c in the open interval (a,b) such that f'(c) = 0.

Given function is:

sinx

= f(x) = —on[Om]

This can be written as

= f(x) = e ~*sinx on [0,7]

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

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

= f(0) = 1x0

=f(0)=0

= f{m) = e "sin(m)

=f(m) = e ™x0

=f{m) =0

We got f{0) = f{m), so there exist a ce(0,m) such that f'(c) = 0.
Let’s find the derivative of f(x)

= fr (X) _ d(e_:fi11x]

. d(e7™  a(in:
:f!(X)zsulx%_,_ex%



= f'(x) = sinx( - e %) + e ~ X(cosx)
= f'(x) = e ~*( - sinx + cosx)

We have f'(c) = 0,

=e ¢ -sinc + cosc) =0

= -sinc + cosc = 0

1 . 1
= ——sinc + —cosc = 0
V2 V2
. T . m
= —sin (1) sinc + cos (1) cosc = 0
T
= C0S (c + Z) =0

i
=C + =

s
4 p)

=>C = EE[:O,TII)

. Rolle’s theorem is verified.

3 H. Question

Verify Rolle’s theorem for each of the following functions on the indicated intervals :
f(x) = sin 3x on [0, m]

Answer

First, let us write the conditions for the applicability of Rolle’s theorem:
For a Real valued function ‘f":

a) The function ‘f" needs to be continuous in the closed interval [a,b].
b) The function ‘f’ needs differentiable on the open interval (a,b).

c) f(a) = f(b)

Then there exists at least one c in the open interval (a,b) such that f'(c) = 0.
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 extremum,

= f(0) = sin3(0)

= f(0) = sin0

=f(0)=0

= f(mr) = sin3(m)

= f(m) = sin(3m)

=f(m) =0

We got f(0) = f(m), so there exist a ce(0,m) such that f'(c) = 0.

Let’s find the derivative of f(x)

= f' (X) _ d(s;lfx]



=f{'(x) = cosEx%

= f'(x) = 3cos3x
We have f'(c) = 0,

= 3cos3c =0

=3c = g

=>C = EE[:O,TII)

. Rolle’s theorem is verified.

3 I. Question

Verify Rolle’s theorem for each of the following functions on the indicated intervals :
f(x)=e'"*on[-11]

Answer

First, let us write the conditions for the applicability of Rolle’s theorem:

For a Real valued function ‘f":

a) The function ‘f' needs to be continuous in the closed interval [a,b].

b) The function ‘f' needs differentiable on the open interval (a,b).

Then there exists at least one c in the open interval (a,b) such that f'(c) = 0.
Given function is:

= f(x) = el* on[-1,1]

We know that exponential function is continuous and differentiable over R.

Let’s find the value of function f at extremumes,

= f(—1) = el-V°

=f(—1) = et?
=f(-1)=¢l
=f(-1)=1
=f(1) = et
=f(1) = el™?
= f(1) = °
=f(1) =1

We got f( - 1) = f(1) so, there exists a ce( - 1,1) such that f'(c) = 0.

Let’s find the derivative of the function f:

=Hﬁ=%:”
zd(1-x?)

r — 1-x
=f'(x) = e =



= f'(x) = el (—2x)

We have f'(c) =0

= el (—2¢) = 0

=22c=0

=C = 0e[-1,1]

. Rolle’s theorem is verified.

3 J. Question

Verify Rolle’s theorem for each of the following functions on the indicated intervals :
f(x) = log(x2 + 2) - log 3 on [-1, 1]

Answer

First, let us write the conditions for the applicability of Rolle’s theorem:

For a Real valued function ‘f":

a) The function ‘f' needs to be continuous in the closed interval [a,b].

b) The function ‘f' needs differentiable on the open interval (a,b).

c) f(a) = f(b)

Then there exists at least one c in the open interval (a,b) such that f'(c) = 0.

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 extremum,

= f(- 1) = log(( - 1)2 + 2) - log3

=>f(-1) =log(l + 2) - log3

=f(-1) =log3 -1log3

=>f(-1)=0

= f(1) = log(12 + 2) - log3

= f(1) = log(1 + 2) - log3

= f(1) = log3 - log3

=f(1)=0

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

= f(x) = d{log(x® + 2)-loga)

dx
1 d(x®*+2
=fI(X) - x2 +2 C\d: ]_0
:f,(x) _ 2x

x2 +2
We have f'(c) =0

2c
c?+2

=0



=22c=0

=c=0e(-1,1)

. Rolle’s theorem is verified.

3 K. Question

Verify Rolle’s theorem for each of the following functions on the indicated intervals :
f(x) = sin x + cos x on [0, /2]

Answer

First, let us write the conditions for the applicability of Rolle’s theorem:

For a Real valued function ‘f":

a) The function ‘f" needs to be continuous in the closed interval [a,b].

b) The function ‘f’ needs differentiable on the open interval (a,b).

c) f(a) = f(b)

Then there exists at least one c in the open interval (a,b) such that f'(c) = 0.

Given function is:

= f(x) = sinx + cosx on [0%]
We know that sine and cosine functions are continuous and differentiable on R.
Let’s the value of function f at extremums:

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

=f0)=0+1

=f(0) =1

- f(g) = sin G) + cos G)
~1(3)
~1(5)

We have got f(0) = f(g) So, there exists a ce (OE) such that f'(c) = 0.

1+0

1

Let’s find the derivative of the function ‘f'.

d(sinx + cosx)
l
=f (X) = T ax

= f'(X) = cosx - sinx
We have f'(c) =0

= cosc -sinc=0
1 1,
= —cosc——=sinc = 0
v 2 W2
. NI m .
= sin (Z) COSC — €OS (1) sinc = 0
. m
= sm(z— c) =0

i
>—-—c=10
4



~c=e(03

. Rolle’s theorem is verified.

3 L. Question

Verify Rolle’s theorem for each of the following functions on the indicated intervals :
f(x) = 2 sin x + sin 2x on [0, ]

Answer

First, let us write the conditions for the applicability of Rolle’s theorem:

For a Real valued function ‘f":

a) The function ‘f' needs to be continuous in the closed interval [a,b].

b) The function ‘f’ needs differentiable on the open interval (a,b).

c) f(a) = f(b)

Then there exists at least one c in the open interval (a,b) such that f'(c) = 0.
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 extremums

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

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

=f(0)=0

= f(11) = 2sin(m) + sin2(m)

We have got f(0) = f(11). So, there exists a ce(0,1r) such that f'(c) = 0.

Let’s find the derivative of function ‘f'.

d(Zsinx + sin2x)
r
=f (X) = T =

= f'(x) = 2cosx + cost%

= f(X) = 2cosx + 2cos2x

= f'(x) = 2cosx + 2(2cos?x - 1)
= f'(x) = 4cos®x + 2cosx - 2
We have f'(c) = 0,

= 4cos2c + 2cosc -2 = 0

= 2cos2c + cosc -1 =10

= 2c0s?c 4+ 2cosc -cosc -1 =0
= 2cosc(cosc + 1) - 1(cosc+1)=0

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



1
= COSC = - 0T COSC = -1
=C = EE[:O,TII)
. Rolle’s theorem is verified.
3 M. Question
Verify Rolle’s theorem for each of the following functions on the indicated intervals :

f(x):§

_sin X on [—1- 0]
6
Answer
First, let us write the conditions for the applicability of Rolle’s theorem:
For a Real valued function ‘f":
a) The function ‘f" needs to be continuous in the closed interval [a,b].
b) The function ‘f’ needs differentiable on the open interval (a,b).
c) f(a) = f(b)
Then there exists at least one c in the open interval (a,b) such that f'(c) = 0.

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

Let's check the values of ‘f' at an extremum

=f(—1)

_?1 —sin (ﬂ(_lj)

=f(-1) = —El—sin (_n)
ﬁf[:_l) — _E_(_E)

=>f(-1) =

= f(0) = g— sin(?)

= f{(0) = 0—sin(0)

=>f(0)=0-0

=f(0) =0

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

Let’'s find the derivative of the function ‘f’

=f(x) = d(’—;—s;t(%))

= = 3-con(2)

6

-1 = £ Zeon(2)

We have f'(c) =0



6  _41(3
=c = —-cos |-
m yls

. . g s m . . T .
Cosine is positive between -3 =f = > for our convenience we take the interval to be -3 =0 < 0, since the
values of the cosine repeats.

We know that 2 value is nearly equal to 1. So, the value of the ¢ nearly equal to 0.
T

So, we can clearly say that ce( - 1,0).
.. Rolle’'s theorem is verified.
3 N. Question

Verify Rolle’s theorem for each of the following functions on the indicated intervals :

6 - 2 i
f(x) =2 4sin’x 011|:0.E |
T 2 |

Answer

First, let us write the conditions for the applicability of Rolle’s theorem:
For a Real valued function ‘f":

a) The function ‘f’ needs to be continuous in the closed interval [a,b].

b) The function ‘f’ needs differentiable on the open interval (a,b).

Then there exists at least one c in the open interval (a,b) such that f'(c) = 0.

Given function is:
= f(x) = = — 4sin’x on [O,E]
™ [

We know that sine function is continuous and differentiable over R.

Let's check the values of function ‘f’ at the extremumes,

= f(0) = @— 45in?(0)

=>f(0)=0

~£(2) = L g2 (2)
~1(Z) = 2-4()
~1(5) = 1-4()



1-1

~1(3)
-3 e
We got f(0) = f(g). So, there exists a ce((},%) such that f'(c) = 0.

Let’'s find the derivative of function ‘f.

X,
——4sin® x]

= f(x) = d(rr -

disinx)

=f{'(x) = E— 4 % 2sinx X ——

=f'(x) = E— 8sinx(cosx)
=f'(x) = E— 4(2sinxcosx)
=f(x) = E— 4sin2x
We have f'(c) =0
& .
= ——4sinZ2c = 0
s
= 4zin2c = E
= sin2c = i
We know — < :
4T 2
. 1
= sin2c < 3
= 2c < sin™? G)
=2c< =
6

~c<ge(0g)
. Rolle’s theorem is verified.

3 0. Question

Verify Rolle’s theorem for each of the following functions on the indicated intervals :
f(x) = 45" X on [0, n]

Answer

First, let us write the conditions for the applicability of Rolle’s theorem:

For a Real valued function ‘f":

a) The function ‘f' needs to be continuous in the closed interval [a,b].

b) The function ‘f’ needs differentiable on the open interval (a,b).

c) f(a) = f(b)

Then there exists at least one c in the open interval (a,b) such that f'(c) = 0.

Given function is:

= f(x) = 45" on [0,7]



We that sine function is continuous and differentiable over R.
Let’s check the values of function ‘f’ at extremums

= f(0) = 45in(0)

= f(0) = 40

=f(0) =1

= f(m) = 4°in"

= f(m) = 4°

=>f(m) =1

We got f(0) = f(11). So, there exists a ce(0,11) such that f'(c) = 0.

Let’s find the derivative of ‘f’

= f(x) = d{‘l‘:‘m}

= f/(x) = 4sinx log4 disinx)

= f'(x) = 45" ]og4 cosx
We have f'(c) =0

= 45iNC|pg4cosc = 0
=cosc =0

=>C = EE[:O,“JT)

. Rolle’s theorem is verified.

3 P. Question

Verify Rolle’s theorem for each of the following functions on the indicated intervals :
f(x) = x4 -5x + 4 on [1, 4]

Answer

First, let us write the conditions for the applicability of Rolle’s theorem:

For a Real valued function ‘f":

a) The function ‘f" needs to be continuous in the closed interval [a,b].

b) The function ‘f’ needs differentiable on the open interval (a,b).

c) f(a) = f(b)

Then there exists at least one c in the open interval (a,b) such that f'(c) = 0.

Given function is:

= f(x) = x2 - 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 extremums:

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

=f(1l)=1-5+4

=f(l) =



=f(4) =42-5(4) + 4

>f(4) =16-20 + 4

=>f(4)=0

. We got f(1) = f(4). So, there exists a ce(1,4) such that f'(c) = 0.
Let’s find the derivative of f(x):

d(x®—5x + 4)

=) = dx

d{XZ) . di(5x) @
dx dx dx

(%) -
=f(x) =2x—5+0
=f(x) =2x-5

We have f'(c) =0

=f(c)=0
=22c-5=0
=2c =
sc =2

= C = 2.5¢(1,4)
.. Rolle’'s theorem is verified.
3 Q. Question

Verify Rolle’s theorem for each of the following functions on the indicated intervals :

. T
f(x)=sin"x+cos’x on {0.: |

Answer

First, let us write the conditions for the applicability of Rolle’s theorem:

For a Real valued function ‘f":

a) The function ‘f" needs to be continuous in the closed interval [a,b].

b) The function ‘f’ needs differentiable on the open interval (a,b).

c) f(a) = f(b)

Then there exists at least one c in the open interval (a,b) such that f'(c) = 0.

Given function is:
= f(x) = sin*x + cos*x on [0%]

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

Let’s find the value of function ‘f’ at extremums

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



~1(3) = sw* (3) + cos*(3)
= (%) = 1* + 0*

=f(Z) =1+0
(-

We got f(0) = fG) So, there exists a ce((},g) such that f'(c) = 0.

Let’s find the derivative of the function ‘f’.

:’fI(X) _ d{sin");: ccs"x}
. o d(sin:
=f'(x) = 451113}:;% + 4cosx

X X

dicosx)

= f'(x) = 4sin3xcosx-4cos3xsinx

2y — cos2x)

= f'(x) = 4sinxcosx(sin
= f'(x) = 2(2sinxcosx)( - cos2x)
= f'(x) = - 2(sin2x)(cos2x)

= f'(x) = - sin4x

We have f'(c) =0

=-5sindc =0

=sindc =0

=24c=0o0rm

wc-1e(0)

. Rolle’s theorem is verified.

3 R. Question

Verify Rolle’s theorem for each of the following functions on the indicated intervals :
f(x) = sin x - sin 2x on [0, 1]

Answer

First, let us write the conditions for the applicability of Rolle’s theorem:

For a Real valued function ‘f":

a) The function ‘f’ needs to be continuous in the closed interval [a,b].

b) The function ‘f’ needs differentiable on the open interval (a,b).

c) f(a) = f(b)

Then there exists at least one c in the open interval (a,b) such that f'(c) = 0.
Given function is:

= f(x) = sinx - sin2x on [0,7]

We know that sine function is continuous and differentiable over R.

Let's check the values of the function ‘f’ at the extremums.



= f(0) = sin(0)-sin2(0)

= f(0) = 0 - sin(0)

=>f(0)=0

= f(11) = sin(m) - sin2(m)

= f(11) = 0 - sin(2m)

=f(n) =0

We got f(0) = f(mr). So, there exists a ce (0, ) such that f'(c) = 0.
Let’s find the derivative of the function ‘f’

d(sinx—sinZx)
i

=f'(x) = cosx—coszx%

= f'(x) = cosx— 2cos2x

= f'(x) = cosx - 2(2cos?x - 1)
= f'(x) = cosx - 4cosx + 2
We have f'(c) =0

= cosC - 4cos?c +2 =0

11 OP-GrxD)

= cosc =
2x—4
—1+y1+ 33
:COSC — ;
-8
_q1,-14433
=c = cosTH—)

-g
We can see that ce(0,1)
.. Rolle’'s theorem is verified.

4. Question

Using Rolle’s theorem, find points on the curve y = 16 - ¥, xe[ - 1,1], where the tangent is parallel to the x -
axis.

Answer

First, let us write the conditions for the applicability of Rolle’s theorem:
For a Real valued function ‘f":

a) The function ‘f' needs to be continuous in the closed interval [a,b].

b) The function ‘f’ needs differentiable on the open interval (a,b).

Then there exists at least one c in the open interval (a,b) such that f'(c) = 0.
Given function is:

>y =16-x% xe[ - 1,1]

We know that polynomial function is continuous and differentiable over R.

Let’s check the values of ‘y’ at extremums



=y(-1)=16-(- 1)

=y(-1)=16-1

=>y(-1)=15

=y(1) = 16 - (1)?

=y(l)=16-1

=y(l) =15

We got y( - 1) = y(1). So, there exists a ce( - 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).

Let’s find the derivative of curve y

;o di{16—x%)
:y - dx
=y =-2X

We have y’(c) =0

=-2c=0

=c=0e(-1,1)

Valueofyatx =1s

=y =16-02

>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).
5 A. Question

At what points on the following curves, is the tangent parallel to the x-axis?
y = x2on[-2, 2]

Answer

First, let us write the conditions for the applicability of Rolle’s theorem:

For a Real valued function ‘f":

a) The function ‘f' needs to be continuous in the closed interval [a,b].

b) The function ‘f’ needs differentiable on the open interval (a,b).

Then there exists at least one c in the open interval (a,b) such that f'(c) = 0.
Given function is:

=>y=x2on[-22]

We know that polynomials are continuous and differentiable over R.

Let’s check the values of y at the extremums

>y(-2)=(-2)

=>y(-2)=4

=y(2) = (2= y(2) = 4

We got y( - 2) = y(2). So, there exists a ¢ such that f'(c) = 0.



For a curve g to have a tangent parallel to x - axis at point r, the criteria to be satisfied is g’(r) = 0.
= y'(x) =0

d(x?)
dx

=2x=0

=2x=0

The value of y is

=y =(0)?

=2y=0

The point at which the curve has tangent parallel to x - axis is (0,0).
5 B. Question

At what points on the following curves, is the tangent parallel to the x-axis?
y = el on[-1,1]

Answer

First, let us write the conditions for the applicability of Rolle’s theorem:

For a Real valued function ‘f":

a) The function ‘f' needs to be continuous in the closed interval [a,b].

b) The function ‘f’ needs differentiable on the open interval (a,b).

c) f(a) = f(b)

Then there exists at least one c in the open interval (a,b) such that f'(c) = 0.
Given function is:

=y = eon[-1,1]

We know that exponential functions are continuous and differentiable over R.

Let’s check the values of y at the extremums
=y(-1) = et~1*
=y(-1) =el"1

:y(_1)=e0=y(—1)=1

=y(1) — 91—1
=y(l)=el"1!
=y(1) =€
=>y(l)=1

We got y( - 1) = y(1). So, there exists a ¢ such that f'(c) = 0.
For a curve g to have a tangent parallel to the x - axis at point r, the criteria to be satisfied is g'(r) = 0.
=>y'(x)=0

= d(el_xz) _
dx =0



=>x=0

The value of y is

sy = el—Oz
Sy=el-0
>y =el
2y=e

The point at which the curve has a tangent parallel to the x - axis is (0,e).
5 C. Question

At what points on the following curves, is the tangent parallel to the x-axis?
y=12(x + 1) (x - 2) on [-1, 2]

Answer

First, let us write the conditions for the applicability of Rolle’s theorem:
For a Real valued function ‘f":

a) The function ‘f’ needs to be continuous in the closed interval [a,b].

b) The function ‘f’ needs differentiable on the open interval (a,b).

c) f(a) = f(b)

Then there exists at least one c in the open interval (a,b) such that f'(c) = 0.
Given function is:

=>y=12(x + 1)(x-2)on[-1,2]

We know that polynomials are continuous and differentiable over R.

Let’'s check the values of y at the extremums
Sy(-1)=12(-1+1)(-1-2)

=y(-1)=12(0)( - 3)

=y(-1)=0

=y(2) =12(2 + 1)(2 - 2)= y(2) = 12(3)(0)

=y(2)=0

We got y( - 1) = y(2). So, there exists a ¢ such that f'(c) = 0.

For a curve g to have a tangent parallel to the x - axis at point r, the criteria to be satisfied is g'(r) = 0.

= y'(x) =0
L 026+ DE=2) _
dx
di(x-2) dix+1)y
= 12((3{ + I)T + (X—Z)T) =0

= ((x + 1)x1) + ((x-2)x1) =0



=>X+1+x-2=0

=22x-1=0
=22x=1

1
=S>SY = -

2

The value of y is

-y - 12 + 1))
-y = 12)(-)

The point at which the curve has tangent parallel to x - axis is (;,—27).

6. Question

If f:[ - 5,5]—R is differentiable and if f'(x) doesn’t vanish anywhere, then prove that f( - 5)=f(5).
Answer

Given that f is continuous and differentiable in the interval [ - 5,5].

It is also given that f'(x) doesn’t vanish anywhere.

According to Rolle’s theorem for a differentiable function on [a,b] will have atleast one ce(a,b) such that f'(c)
= 0, if the following condition had satisfied:

According to the problem it is given for any value of x, say r the values never equals to zero.
= f'(r)=0

This is possible when Rolle’s theorem is not applicable.

Let us Recap the Rolle’s theorem:

For a Real valued function ‘f":

a) The function ‘f’ needs to be continuous in the closed interval [a,b].

b) The function ‘f’ needs differentiable on the open interval (a,b).

c) f(a) = f(b)

Then there exists at least one c in the open interval (a,b) such that f'(c) = 0.

First, two conditions are satisfied according to the problem, so the only condition that cannot be satisfied is
(c).

So, we can clearly say that f( - 5)=f(5).

7 A. Question

Examine if the Rolle’s theorem applies to anyone of the following functions:
f(x) = [x] for xe[5,9]

Answer

First, let us write the conditions for the applicability of Rolle’s theorem:

For a Real valued function ‘f":

a) The function ‘f' needs to be continuous in the closed interval [a,b].

b) The function ‘f’ needs differentiable on the open interval (a,b).



c) f(a) = f(b)

Then there exists at least one c in the open interval (a,b) such that f'(c) = 0.

Given function is:

= f(x) = [x] for x€[5,9]

Let us check the continuity of the function ‘f".

Here in the interval xe[5,9], the function has to be Right continuous at x = 5 and left continuous at x = 5.
Right Hand Limit:

= 111_11+ f(x) = lim [x]

X—3 X—=3 +

= lim f(x)

x5+

xllgl}r h[X] where h>0.

= lim f(x) = lim5
x—5 + h—0

= x1_1’1531+ f(x)

Il
o
—
[a
-

Left Hand Limit:

= lim f(x) = lim [x]

X—3— X—=3—

= lim f(x) = \(Hl;';llh[x]' where h>0

X—3—

= lim f(x) = lim4

X—=5— h—0

= lim f(x) = 4 ... (2)

X—=o—

From (1) and (2), we can clearly see that the limits are not same so, the function is not continuous in the
interval [5,9].

. Rolle’s theorem is not applicable for the function f in the interval [5,9].

7 B. Question

Examine if the Rolle’s theorem applies to anyone of the following functions:

f(x) = [x] for xe[ - 2,2]

Answer

Given function is:

= f(x) = [x] for xe[ - 2,2]

Let us check the continuity of the function ‘f’.

Here in the interval xe[ - 2,1], the function has to be Right continuous at x = 2 and left continuous at x = 2.
Right Hand Limit:

- i, 109 =l [

= x1_1’1211+ flx) = x_1.1211}r h[I=<i] where h>0.
= lim f(x) = lim2
x—2 + h—o0

= M1_1‘1211+ f(x)

[
]
—_
=
-~

Left Hand Limit:

= KILI%'L_ f(x) = \(llgl_ [x]



= lim f(x) = lim [%], where h>0
Xx—=2— x—2-h

ﬁ:}l‘ly_f(){) = LE};l

= liI%l_f(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
[-2,2].

. Rolle’s theorem is not applicable for the function f in the interval [ - 2,2].
8. Question

It is given that the Rolle’s theorem holds for the function f(x) = 3 + bx2 + cx, xe[1,2] at the point x = 4/3.
Find the values of b and c.

Answer

First, let us write the conditions for the applicability of Rolle’s theorem:

For a Real valued function ‘f":

a) The function ‘f" needs to be continuous in the closed interval [a,b].

b) The function ‘f’ needs differentiable on the open interval (a,b).

c) f(a) = f(b)

Then there exists at least one c in the open interval (a,b) such that f'(c) = 0.
Given function is:

= f(x) = x3 + bx? + cx, xe[1,2]

According to the problem the Rolle’s theorem holds for the function ‘f’ atx = g

We can say that f’ G) = 0.

Let’s find the derivative of f(x)

d(x? + b + cx)

=f(x) = =

d(x?) N d(bx?) 1 d(ex)

= f’ =
f (X) dx dx dx

= f'(x) = 3x2 + 2bX + C

We have f’ G) =0

We also have f(1) = f(2)
= (1)3 + b(1)2 + c(1) = (2)3 + b(2)2 + c(2)

=1+ b(l)+c=8+ b(4) + 2c



On solving (1) and (2), we get
=>pb=-5andc=28

. The values of b and c is - 5 and 8.
Exercise 15.2

1 A. Question

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

f(x) =x2-1on[2, 3]
Answer

Lagrange’s mean value theorem states that if a function f(x) is continuous on a closed interval [a, b] and
differentiable on the open interval (a, b), then there is at least one point x=c on this interval, such that

f(b)—f(a)=f(c)(b—-a)

f(b) —f(a)
b-a

This theorem is also known as First Mean Value Theorem.

=f(0)=

f(x) = x2-1on[2, 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 [2, 3] and differentiable in (2, 3). So both the
necessary conditions of Lagrange’s mean value theorem is satisfied.

Therefore, there exists a point ce(2, 3) such that:
f(3) -f(2)
3-2
f(3) - f(2)
1

f(c)=

=f(o)=

f(x) =x?-1

Differentiating with respect to x:
f'(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)2-1
=9-1
=8

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

f(2)=(2)2-1
=4-1
=3



=22c=5
5
=c=3 €(2, 3)

Hence, Lagrange’s mean value theorem is verified.
1 B. Question

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

fix) =x3-2x2-x+ 30n[0, 1]
Answer

Lagrange’s mean value theorem states that if a function f(x) is continuous on a closed interval [a, b] and
differentiable on the open interval (a, b), then there is at least one point x=c on this interval, such that

f(b)—f(a)=f(c)(b—a)

f(b) —f(a)
b-a

This theorem is also known as First Mean Value Theorem.

=f(0)=

fix) =x3-2x2-x+ 30n[0, 1]
Every polynomial function is continuous everywhere on (—x, «) 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 exists a point ce(0, 1) such that:

ILOE.Q
' f(1) - f(0
O]

fix) =x3-2x2-x+ 3
Differentiating with respect to x:
f'(x) = 3x? - 2(2x) - 1

=3x2-4x-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)=(1)3-2(1)2-(1) + 3
=1-2-1+3

=1

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

=3



=3c2-4c-1=1-3
=3c2-4c=1+1-3
=3c2-4c=-1
=3c?-4c+1=0
=3c?2-3c-c+1=0
=3c(c-1)-1(c-1)=0
=(3c-1)(c-1)=0

= C=

1

= W

=c= EE(D' 1)

Hence, Lagrange’s mean value theorem is verified.
1 C. Question

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

f(x) =x(x-1)on[1, 2]
Answer

Lagrange’s mean value theorem states that if a function f(x) is continuous on a closed interval [a, b] and
differentiable on the open interval (a, b), then there is at least one point x=c on this interval, such that

f(b)—f(a)=f(c)(b—a)

f(b) - f(a)
b-a

This theorem is also known as First Mean Value Theorem.

= f(o)=

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 exists a point ce(1, 2) such that:

L f(2)-f(1)
flo="31
- f(2)-f(1
ﬁf(c)=()1 (1)
f(x)=x2—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)2-2



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

f(1)=(1)2-1
=1-1
=0

s f(c) = f(2) - f(1)
=22c-1=2-0
=>2c=2+1

=2c=3

3
= C=EE(1, 2)

Hence, Lagrange’s mean value theorem is verified.
1 D. Question

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

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

Lagrange’s mean value theorem states that if a function f(x) is continuous on a closed interval [a, b] and
differentiable on the open interval (a, b), then there is at least one point x=c on this interval, such that

f(b)—f(a)=f(c)(b—a)

f(b) —f(a)
b-a

This theorem is also known as First Mean Value Theorem.

= f(0)=

f(x) =x2-3x+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 exists a point ce( - 1, 2) such that:
f(2) -f(-1)
2-(-1)
f(2) -f(-1)
2+ 1

f(2) -f(-1)
3

f(o)=
= f(o)=

= f(0)=

f(x) = x2-3x + 2

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

For f'(c), put the value of x=c 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)=(-12-3(-1)+2

=1+3+2

=6

r f(2) -f(-1)
flo="—35—
5 3_0—6
=2c-3=—
=>2C=T+3
=22c=-2+3
=2c=-1

-1
=>C=TE(— 1, 2)

Hence, Lagrange’s mean value theorem is verified.
1 E. Question

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

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

Lagrange’s mean value theorem states that if a function f(x) is continuous on a closed interval [a, b] and
differentiable on the open interval (a, b), then there is at least one point x=c on this interval, such that

f(b)—f(a)=f(c)(b—a)

f(b) —f(a)
b-a

This theorem is also known as First Mean Value Theorem.

=f(c)=

f(x) = 2x2 - 3x + 1 on [1, 3]
Every polynomial function is continuous everywhere on (—x, «) 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 exists a point ce(1, 3) such that:

' f(3) — f(1
TEMC €
PR Ol €8

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=c in f'(x):
f'(c)=4c-3

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

=2(1)-3+1
=2-2=0
' f(3) — f(1
fo="D W
=>4C—3=1|D_|[J
2
::-4C=£+3
2
=24c=5+3
=4c= 8

8
=c=g= 2¢e(1, 3)

Hence, Lagrange’s mean value theorem is verified.
1 F. Question

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

f(x) = x2 - 2x + 4 on [1, 5]
Answer

Lagrange’s mean value theorem states that if a function f(x) is continuous on a closed interval [a, b] and
differentiable on the open interval (a, b), then there is at least one point x=c on this interval, such that

f(b)—f(a)=f(c)(b—-a)

f(b) —f(a)
b-a

This theorem is also known as First Mean Value Theorem.

= ()=

f(x) = x2-2x + 4 on[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 exists a point ce(1, 5) such that:



f(5) — f(1)
5-1

f(s) - f(1)
—

fix) =x2-2x + 4

f(c)=

=f(c)=

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

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)2-2(5) + 4

=25-10+4

=19

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

f(1) = (1)2-2(1) + 4

=1-2+4

=3

' f(5) — f(1

f (0= ( )4 (1)

Loc-2=273
4

::-2C=£+2

4
=2c=4+2
=2c=6

6
=c=5= 3e(1, 5)

Hence, Lagrange’s mean value theorem is verified.
1 G. Question

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

f(x) = 2x - x2 on [0, 1]
Answer

Lagrange’s mean value theorem states that if a function f(x) is continuous on a closed interval [a, b] and
differentiable on the open interval (a, b), then there is at least one point x=c on this interval, such that

f(b)—f(a)=f(c)(b—a)

f(b) - f(a)
b-a

This theorem is also known as First Mean Value Theorem.

=f(c)=

f(x) = 2x - x2 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 exists a point ce(0, 1) such that:

f(1) - f(0)

flo= 1-0

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

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

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

»-2c=1-2
=>-2c=-1

-1 1
=>C=_—2=EE(D, 1)

Hence, Lagrange’s mean value theorem is verified.
1 H. Question

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

f(x) =(x-1) (x-2)x-3)on [0, 4]
Answer

Lagrange’s mean value theorem states that if a function f(x) is continuous on a closed interval [a, b] and
differentiable on the open interval (a, b), then there is at least one point x=c on this interval, such that

f(b)—f(a)=f(c)(b—-a)

f(b) - f(a)
b-a

This theorem is also known as First Mean Value Theorem.

= f(o)=

f(x) =(x-1)(x-2)x-3)on [0, 4]



= (x?-x-2x+ 3) (x-3)

=(x?-3x+3)(x-3)

=x3-3x2 4+ 3x-3x2+9x -9

=x3-6x2+ 12x - 9 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 exists a point ce(0, 4) such that:

. f(4) - (0
fo="B 1)
. f(4) — (O
(=@ 1O

f(x) = x3-6x% + 12x - 9
Differentiating with respect to x:
f'(x) = 3x? - 6(2x) + 12

=3x?-12x + 12

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

For f(4), put the value of x=4 in f(x):
f(4)= (4)> - 6(4)2 + 12(4) - 9
=64-96+48-9

=7

For f(0), put the value of x=0 in f(x):
f(0)= (0)3 - 6(0)2 + 12(0) - 9
=0-0+0-9

=-9

f(4) — £(0)

flO=——

)

7—-(-9
=3¢2-12c+ 12=7(
4
+9

7
=3c?-12c + 12=T

i6
=3c?-12c + 12=T

>3c2-12c+12=4
=3c2-12c+8=0

For quadratic equation, ax2 + bx + c =0

-bxvb? - 4ac
X =
2a




-(- 12):I:J(— 12)* - 4x3x8

2x3
12+/144 - 96
=20 ——M
6
N 12+/48
=C= 3
12+ 43
L= ———
¢ 3
B 12i4ﬁ
“=% 76
_Zizﬁ
= C= 3
2V3 2V3
=>c=2+T,2—TEC

Hence, Lagrange’s mean value theorem is verified.
1 1. Question

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

J25-x% on [ -3.4]

Answer

Lagrange’s mean value theorem states that if a function f(x) is continuous on a closed interval [a, b] and
differentiable on the open interval (a, b), then there is at least one point x=c on this interval, such that

f(b)—f(a)=f(c)(b—-a)

f(b) - f(a)
b-a

This theorem is also known as First Mean Value Theorem.

= f(c)=

f(x)=+/25-%x20on[ -3, 4]
Here,

V25 - x?>0

=25-x2>0
= x2 < 25
=>-5<x<5

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

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

f(x)=(25 - )(2)%

Differentiating with respect to x:

@‘1]d(25- x?)

1
FO)=5 (25-x?) e~



_1
= F‘(x):%(ZS— x?) ’ (-2x)

-2

- F)=——

2 (25-x2)2
-2

= F(x)= X

2 (25 - x2)2

\|'25— x2

Here also,

V25 - x?>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 exists a point ce( - 3, 4) such that:
f(4) — f(-3)
4-(-3)
f(4) -f(-3)
443

f(4) -f(-3)
7

f(o)=
= f(o)=
> f(o)=

1
f(x)=(25 - x2)?
On differentiating with respect to x:
-X
¢ ) CR—
Y 25 - x2
For f'(c), put the value of x=c in f'(x):
-C

-\.'25—(:2

f(o)=

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

1

f(4)=(25-42)
= f(4)=(25 - 16)2

1
= f(4)=(9)
=f(4) =3

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

1

f(-3)=(25-(-3)")

 f(-3)=(25-9)2



= f(-3)=(16)2

>f(-3)=4
. f(4)-f(-3)
fFlO=————
-C 3-4
=1 =
J25-¢2 7
-C -1
= — =
J25-¢2 7
JE—

=-7c==-425-¢2
Squaring both sides:

2
=(-7¢)" = (-V25- %)

= 49c? = 25 - 2

=50c2 =25
25
e
= _5
1
2"
= C _2

1
=c=x—¢€(-3,4
V2 (=34

Hence, Lagrange’s mean value theorem is verified.
1 ). Question

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

f(x) =tan -1 xon [0, 1]
Answer

Lagrange’s mean value theorem states that if a function f(x) is continuous on a closed interval [a, b] and
differentiable on the open interval (a, b), then there is at least one point x=c on this interval, such that

f(b)—f(a)=f(c)(b—a)

f(b) - f(a)
b-a

This theorem is also known as First Mean Value Theorem.

= f(Q)=

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

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

f(x) = tan ~ 1 x

Differentiating with respect to x:

1

F=150e

x2 always has value greater than 0.



>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 exists a point ce( - 3, 4) such that:

f(1) — f(0)
1-0
= f'(c)= f(1) - f(0)

f(c)=

f(x) = tan "1 x
Differentiating with respect to x:

1

f(xX)=——=
0 1+x2
For f’(c), put the value of x=c in f'(x):

1

FlO=1re

For f(1), put the value of x=1 in f(x):
f(l)=tan-11
n
f(1)=-
= f(1)=7
For f(0), put the value of x=0 in f(x):

f(0)=tan-10
= f(0) = 0

1 _n 0
BT A
1 n
= —— = —
1+c? 4

=4=n(1+c?)
= 4 = n+ nc?
=-nc’=n-4
n-4
-n
4-n
n

4
sc= ’H -1=0.52¢(0, 1)

Hence, Lagrange’s mean value theorem is verified.

2=

= C

=>C2=

1 K. Question

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



f(x)=x +1 on [1. 3]
X

Answer

Lagrange’s mean value theorem states that if a function f(x) is continuous on a closed interval [a, b] and
differentiable on the open interval (a, b), then there is at least one point x=c on this interval, such that

f(b)—f(a)=f(c)(b—a)

f(b) - f(a)
b-a

This theorem is also known as First Mean Value Theorem.

= f(o)=

f(x)= x+% on[1, 3]

f(x) has unique values for all xe(1, 3)

-~ f(x) is continuous in [1, 3]

f(x)= x+£ on[1, 3]

Differentiating with respect to x:

FOO=1+(-10) 72

1

=f(x)=1- v

x2 -1

= F‘(X) =T
Here,
x2+0

= f'(x) exists for all values except 0
.~ f(x) is differentiable in (1, 3)
So both the necessary conditions of Lagrange’s mean value theorem is satisfied.
Therefore, there exists a point ce(1, 3) such that:
f(3) - f(1)

3-1
f(3) -f(1)

2

f(o)=
=f (¢)=

1
fOO=x+—-
(0= X+
On differentiating with respect to x:

x2 -1
f'(x) =T

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

c2—1
c2

fi(e)=

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



1
f(3)=3+ 3

941
~f(9="2~
10

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

1
f(1=1+7
=>f(l) =2
:;.f'(c)=M
2
10
t:zz—l_g—2
ST T2
10
=2(c*-1)= c2(?—2)
=2(c°—1)= c2(103—6)
4
=>2(C2—1)= Cz(g)

=6(c2-1) =4c2
= 6c2-6 = 4c?

>6c2-4c2=6

=22c2=6
6

2
cC==
= =3
=>c?=3

=c=%/3¢(-3,4)
Hence, Lagrange’s mean value theorem is verified.
1 L. Question

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

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

Lagrange’s mean value theorem states that if a function f(x) is continuous on a closed interval [a, b] and
differentiable on the open interval (a, b), then there is at least one point x=c on this interval, such that

f(b)—f(a)=f(c)(b—a)

f(b) —f(a)
b-a

This theorem is also known as First Mean Value Theorem.

= f(o)=

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



= X [(x)2+2(4)(x)+(4)?]

= x(x? + 8x + 16)

= x3 4+ 8x2 + 16x on [0, 4]

Every polynomial function is continuous everywhere on (—x, ) 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 exists a point ce(0, 4) such that:

Fr(c)=F(4l:Df(D)
. f(4) — (0
- Fo=fO )

f(x) = x3 + 8x2 + 16x
Differentiating with respect to x:
f'(x) = 3x? + 8(2x) + 16

=3x%2 + 16x + 16

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

For f(4), put the value of x=4 in f(x):
f(4)= (4)3 + 8(4)? + 16(4)

=64 + 128 + 64

= 256

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

f(0)= (0)3 + 8(0)2 + 16(0)

=0+0+0
=0
' f(4) — f(0)
flo=—
256 — 0
= 3c? 4+ 16c + 16=T
256
=>3C2+ 16c + 16=T

= 3c2 + 16c + 16 = 64
=3c2+16c+16-64=0
=3c?2+16c-48=0

For quadratic equation, ax2 4+ bx + ¢ = 0

-b++vVb” - 4ac

2a




-(16)¢J(16f-4x3x(-48)

2x3
-16x256+576
=C=
6
-16++832
== ——
6
-16+ 8y13
2= ——
¢ 6
_-16 ia\,fﬁ
~C="% 6
_ -8 iwﬁ
—C=3 3
-8 4413 -8 413
=2L0= — —_ - eC

3773 3 3
Hence, Lagrange’s mean value theorem is verified.
1 M. Question

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

f(x)=x~+x" -4 on [2. 4]

Answer

Lagrange’s mean value theorem states that if a function f(x) is continuous on a closed interval [a, b] and
differentiable on the open interval (a, b), then there is at least one point x=c on this interval, such that

f(b)—f(a)=f(c)(b—-a)

f(b) - f(a)
b-a

This theorem is also known as First Mean Value Theorem.

= f(0)=

f(x)=+/x?—40on[2, 4]
Here,

VX?2—4>0

=>x2-4>0

=>x2 >4

= f(x) exists for all values expect ( - 2, 2)
.~ f(x) is continuous in [2, 4]
f(x)=+x>—4

Differentiating with respect to x:

1, '
F(x)% (x* - 4)(2 Lxdx K



_1
= F‘()():%()(2 —4) : (2x)

2
= F()=—

2 (x2—4)2

=f(X)=——
VX2 —4

Here also,

Vx% —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 exists a point ce(2, 4) such that:
fl4) - f(2)
4-2

f4) - f(2)
2

f(x)=+x?—4

f(c)=

= f(c)=

On differentiating with respect to x:

Fx)=———
Jx2—4

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

filo)=

Je2 —4

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

f(4) = JZ

. f(4) = (16-4)

= f(4)=4/12
= f(4)=2,/3

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

f(2) = JZ

= f(2) = (4- 42

=f(2)=0
L f(a) -f(2
- fo @ -f2)
2
C 2\.@—0
= =



=c= (/32 -4

Squaring both sides:

= (0 = (B3NP -4)
=2 =3(c?-4)
=c2=3c2-12
=-2c2=-12

-12
-2

= c?=

= C=:|:\,"{€

>c=,6¢€(2,4)
Hence, Lagrange’s mean value theorem is verified.
1 N. Question

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

f(x) = x2 + x - 1 on [0, 4]
Answer

Lagrange’s mean value theorem states that if a function f(x) is continuous on a closed interval [a, b] and
differentiable on the open interval (a, b), then there is at least one point x=c on this interval, such that

f(b)—f(a)=f(c)(b—a)

f(b) - f(a)
b-a

This theorem is also known as First Mean Value Theorem.

= f(0)=

f(x) = x> + x - 1L on [0, 4]
Every polynomial function is continuous everywhere on (—x, «) 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 exists a point ce(0, 4) such that:

. f(4) — f(O
fg="8 1O
L f9="®

fix) =x2+x-1
Differentiating with respect to x:
ff(x)=2x+1

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



f(c)=2c+1

For f(4), put the value of x=4 in f(x):
f4)=(4)2+4-1

=16+4-1

=19

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

f(0) = (0)2+0-1

=0+0-1
=-1
. f(4) — f(0)
f(c)—T
19-(-1)
:2C+1_f
5 1_20
= 2C+ =2
=22c+1=5
=2c=5-1
=22c=4
4
::-C=§=ZE(D,4)

Hence, Lagrange’s mean value theorem is verified.
1 O. Question

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

f(x) = sin x - sin 2x - x on [0, m]
Answer

Lagrange’s mean value theorem states that if a function f(x) is continuous on a closed interval [a, b] and
differentiable on the open interval (a, b), then there is at least one point x=c on this interval, such that

f(b)—f(a)=f(c)(b—a)

f(b) - f(a)
b-a

This theorem is also known as First Mean Value Theorem.

= f(o)=

f(x) = sin x - sin 2x - x on [0, m]
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 exists a point ce(0, n) such that:

: f(n) — f(O
£ (0= (H:I_O( )
=fr(c)=f(n) ; f(0)



f(x) = sin x - sin 2x - x
Differentiating with respect to x:
f(x) = sin x - 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 f'(x):
f'(c) = cos c - 2cos 2c -1

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

f(m) =sinm-sin2n-m

=0-0-mn

=-n

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

f(0) = sin 0 - sin 2(0) - O

=sin0-sin0-0
=0-0-0

=0

' f(n) — f(0
1‘(c)=7|_I (0)

-n-0

=cosc-2cos2c-1=
=C0sC-2c0s2c-1=-1
=>cosc-2(2cos?c-1)=-1+1
=cosc-4cos’c+2=0
=4cos2c-cosc-2=0

For quadratic equation, ax?2 + bx + ¢ = 0

-b+vb? - 4ac
=
2a
—(—1)iJ(—1}2—4x4x(—2)
= cosc= 5%4
1+v1+ 32
—=c0sC= ————
3
1£+/33
= CDSC=

1£4/33
:c:cos‘l( ; )E(D,I‘I)

Hence, Lagrange’s mean value theorem is verified.

1 P. Question



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

f(x) = x3 - 5x2 - 3x on [1, 3]
Answer

Lagrange’s mean value theorem states that if a function f(x) is continuous on a closed interval [a, b] and
differentiable on the open interval (a, b), then there is at least one point x=c on this interval, such that

f(b)—f(a)=f(c)(b—a)

f(b) -f(a)
b-a

This theorem is also known as First Mean Value Theorem.

= fo)=

f(x) = x3 - 5x% - 3x on [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 exists a point ce(1, 3) such that:

TEMLCEO)
r f(3) - f(1
="

f(x) = x3 - 5x2 - 3x

Differentiating with respect to x:
f'(x) = 3x? - 5(2x) - 3

= 3x%-10x - 3

For f’(c), put the value of x=c in f'(x):
f'(c)= 3c¢% - 10c - 3

For f(3), put the value of x=3 in f(x):
f(3)=(3)3 - 5(3)2 - 3(3)
=27-45-9

=-27

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

f(1)= (1)3 - 5(1)? - 3(1)

=1-5-3

=-7

' f(3) -f(1

0=

- 10e-3 C2D=CT)
-27+7

2 _ - 3=
=3cc-10c-3 >



-20
::-3(:2—10(:—3=T

=3c?-10c-3=-10
=3c2-10c-3+10=0
=3c2-10c+7=0
=3c2-7c-3c+7=0
=c(3c-7)-1(3c-7)=0
=(3c-7)(c-1)=0

=>C—3 P
7
:;C:EE(L 3)

Hence, Lagrange’s mean value theorem is verified.

2. Question

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

Lagrange’s mean value theorem states that if a function f(x) is continuous on a closed interval [a, b] and
differentiable on the open interval (a, b), then there is at least one point x=c on this interval, such that

f(b)—f(a)=f(c)(b—-a)

f(b) —f(a)
b-a

This theorem is also known as First Mean Value Theorem.

= f(0)=

f(x) =|xjon[-1,1]

-x, x<0

So f(x) can be defined as ={ X,  x20

For differentiability at x=0,

f(0-h) -
LHD = lim_"@=M=f(0)
x—0 -h
{Since f(x)= - x, x<0}
_ . -(0-m-0
=
- i h-0
_xl.r-rt].l_——h
_x[—n{]‘l'——h
=-1
flO-h) -
RHD = Iim —(O h - f(0)
x—0" -h

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

. (0-h)-0
=5



=~
= lim _—h
x—=0 =h
=1
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. Question

Show that the Lagrange's mean value theorem is not applicable to the function f(x) = 1/x on [-1, 1].
Answer

Lagrange’s mean value theorem states that if a function f(x) is continuous on a closed interval [a, b] and
differentiable on the open interval (a, b), then there is at least one point x=c on this interval, such that

f(b)—f(a)=f(c)(b—a)

f(b) - f(a)
b-a

This theorem is also known as First Mean Value Theorem.

= f(0)=

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
. 1
function F(x):; on[-1, 1]

4. Question

"Verify the hypothesis and conclusion of Lagrange’s mean value theorem for the function

f(x)=—— ! 1.1 <X <4

Answer

Lagrange’s mean value theorem states that if a function f(x) is continuous on a closed interval [a, b] and
differentiable on the open interval (a, b), then there is at least one point x=c on this interval, such that

f(b)—f(a)=f(c)(b—a)

f(b) - f(a)
b-a

This theorem is also known as First Mean Value Theorem.

= f(0)=

Letf(x)=

Ix =1 on[1, 4]

4x - 1>0



1
= f(x) has unique values for all x except 2

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

1
4x -1

Differentiating with respect to x:

fx)=

FO)=(-1(4x-1)"2(4)

Here,

=4x -1>0

1
= f'(x) has unique values for all x except 2

.~ f(x) is differentiable in (1, 4)

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

Therefore, there exists a point ce(1, 4) such that:

f(4) — f(1)

4-1

f(4) - f(1)
3

f(o)=

=f(0)=

1
4x -1

On differentiating with respect to x:

f(x)=

4
o)== ax- 1y

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

4
A PR

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

1
4(4)-1
1
16 -1

1

f(4)=

= f(4)=

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

=21

=f(1)=

-1

=

= f(1)=3



f(4) -f(1)

= f(c)= 3

Wl

1
4 I5°

= - =
(4c-1)? 3

(1 1
= -3(4)= (4c-1) (E'E)

3-15
= -12= (4c- 1)2(T)

= -12= (4c-1)° ( _4—;2)

45 5
= - 12x — 5= (4c-1)
= (4c-1)2 = 45
= (4c-1) = £/45

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

+3V5+1
=c= ———
4
3vV5+1
sc= 070 21.92¢(1, 4)

4

Hence, Lagrange’s mean value theorem is verified.

5. Question

Find a point on the parabola y = (x - 4)2, where the tangent is parallel to the chord joining (4, 0) and (5, 1).
Answer

Lagrange’s mean value theorem states that if a function f(x) is continuous on a closed interval [a, b] and
differentiable on the open interval (a, b), then there is at least one point x=c on this interval, such that

f(b)—f(a)=f(c)(b—a)

f(b) - f(a)
b-a

This theorem is also known as First Mean Value Theorem.

= f(c)=

Let f(x) = (x - 4)2 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 (—x, «) 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 exists a point ce(4, 5) such that:

OEL!
. f(5) — f(4
RO

f(x) = (x - 4)?



Differentiating with respect to x:
d(x-4)

dx
= f'(x) = 2(x - 4)(1)

f(x)=2(x-4)

= 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)2

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

f(4) = (4 - 4)

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

=2c=1+8

9
=>C=E = 4.5€e(4, 5)

We know that, the value of c 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 - 4)
9 2
=;-y=(§—4)
9-8\°
B )
12
-8
1
=y=3

9 1
Hence, the required pointis (E ' 5)

6. Question
Find a point on the curvey = x2 4+ x, where the tangent is parallel to the chord joining (0, 0) and (1, 2).

Answer



Lagrange’s mean value theorem states that if a function f(x) is continuous on a closed interval [a, b] and
differentiable on the open interval (a, b), then there is at least one point x=c on this interval, such that

f(b)—f(a)=f(c)(b—a)

f(b) —f(a)
b-a

This theorem is also known as First Mean Value Theorem.

=f(c)=

Let f(x) = x2 + x on [0, 1]
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 [0, 1] and differentiable in (0, 1). So both the
necessary conditions of Lagrange’s mean value theorem is satisfied.

Therefore, there exists a point ce(0, 1) such that:

' f(1) — f(0

. f(1) — f(0
NPRERO
f(x) = x2 + x

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

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

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

=1+1

=2

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

=22c+1=2-0
=2c=2-1
=2c=1

1
=c=5= 0.5€(0, 1)
We know that the value of c 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 (0, 0) and (1, 2).

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

y =x2 + X



ma

[T
e
+
M =

s

~

1l
o

1 1
SY=373

1+2
Vs

3
=>y=z

1 3
Hence, the required pointis (E ' ‘—‘)

7. Question
Find a point on the parabola y = (x - 3)2, where the tangent is parallel to the chord joining (3, 0) and (4, 1).
Answer

Lagrange’s mean value theorem states that if a function f(x) is continuous on a closed interval [a, b] and
differentiable on the open interval (a, b), then there is at least one point x=c on this interval, such that

f(b)—f(a)=f(c)(b—-a)

f(b) - f(a)
b-a

This theorem is also known as First Mean Value Theorem.

= f(c)=

Let f(x) = (x - 3)2 on [3, 4]
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 [3, 4] and differentiable in (3, 4). So both the
necessary conditions of Lagrange’s mean value theorem is satisfied.

Therefore, there exists a point ce(4, 5) such that:

o f(4) - (3
F(C):—( 1_3( )

o f(4) — (3
=>f(c)=()1 (3)
f(x) = (x - 3)2

Differentiating with respect to x:
d(x-3)

dx
= f'(x) = 2(x - 3)(1)

f(x)=2(x-3)

=f'(x) = 2(x - 3)

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

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

= (1)?



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

f(3) = (3-3)

=22(c-3)=1-0
=22c-6=1

=2c=1+6

7
=c=5= 3.5€(3, 4)

We know that, the value of c 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 (3, 0) and (4, 1).

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

7 1
Hence, the required pointis (E ' ‘—‘)

8. Question

Find points on the curve y = x3 - 3x, where the tangent to the curve is parallel to the chord joining (1, - 2)
and (2, 2).

Answer

Lagrange’s mean value theorem states that if a function f(x) is continuous on a closed interval [a, b] and
differentiable on the open interval (a, b), then there is at least one point x=c on this interval, such that

f(b)—f(a)=f(c)(b—a)

f(b) - f(a)
b-a

This theorem is also known as First Mean Value Theorem.

= f(0)=

Let f(x) = x3 - 3x on [1, 2]
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 [1, 2] and differentiable in (1, 2). So both the



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

Therefore, there exists a point ce(1, 2) such that:

' f{2) — f(1
= fr(c)=—F(2) I )

f(x) = x3 - 3x

Differentiating with respect to x:
f(x) = 3x?- 3

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

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

f(2)= (2)3-3(2)

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

f(1) = (1)3 - 3(1)

=>c=\E €(1, 2)

We know that, the value of c 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 (1, - 2) and (2, 2).

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

y = x3 - 3x



(3
- (f)es)

H th ired point i 7 =207
ence, erequn‘e pOIl"I 1S 3, 3 3

9. Question
Find a point on the curve y = x3 + 1 where the tangent is parallel to the chord joining (1, 2) and (3, 28).
Answer

Lagrange’s mean value theorem states that if a function f(x) is continuous on a closed interval [a, b] and
differentiable on the open interval (a, b), then there is at least one point x=c on this interval, such that

f(b)—f(a)=f(c)(b—a)

f(b) - f(a)
b-a

This theorem is also known as First Mean Value Theorem.

= f(0)=

Let f(x) = x3 + 1 on[1, 3]
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 [1, 3] and differentiable in (1, 3). So both the
necessary conditions of Lagrange’s mean value theorem is satisfied.

Therefore, there exists a point ce(1, 3) such that:

. f(3) — f(1

' f(3) — f(1
RIEROK. )
fix) =x3+1

Differentiating with respect to x:
f'(x) = 3x2

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

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

f(3)=(3)3 + 3



=27+3
=30

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

=1+3
=4
(=) = f1)
2
3c2 30-4
= =
2
26
2 """
::~3C—2
= 3c2 =13
13
2 "
=:-C—3
N 13
=C= —
¢ 3

’13
=Cc= ?E(l, 3)

We know that, the value of c 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 (1, 2) and (3, 28).

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

y=x3+1

3

13
=Y = ? +1
3

. o 13 13
Hence, the required pointis S\ 3 +1

10. Question

Let C be a curve defined parametrically as x = a cos3 8, y = a sin3 8, 0 <6 < n/2. Determine a point P on C,
where the tangent to C is parallel to the chord joining the points (a, 0) and (0, a).

Answer
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.

X = a cos3 0

X
=cos’B=—
a



W =

X
=cosB= (—)
a
y=asin30
~sinfe="
a
1
=sinB = (X)S
a
We know that,

sin20 4+ cos206 =1

2 2
SERIOISE

2 2 2
=(X)3+ (y)3=(a)3

2 2 2

= (y)3=(a)3 - (x)3
~y=[@3-003]
3
) 215

Let f(x)= [ (a)3 - (x)g]

Therefore, there exists a point ce(0, a) such that:
fla) — f(0)
a-0

f(a) — f(0)
a

f(c)=

=f(0)=
X = acos3 0

dx d(ac053 a)
“de- do
dx d(cos6)
I 2
=>de_3acos 8 x 48

X
- 2 _ i
:dB_Bacos 8 x( -sinB)

y = asin3 0

dy _d(asin’ @)

de ™ de
dy o d(sin 8)
ﬁﬁ =3asin“8 x a8

d
Y3, sin® 8 x(cos 8)

de
dy
dy _(d6
dx | dx
de



dy_( 3asin® 8 x( cos 8) )

~“dx \3acos?8 x( -sinB)
dy
== f'(x)=-tan®8

For f'(c), put the value of x=c in f'(x):
f(c)=-tan 6
3
2 272
0= (2)3 - 03 |
For f(a), put the value of x=a in f(x):

2 2 %
fla)= (2)3 - (2)3 |
=0
For f(0), put the value of x=0 in f(x):

3

f(0)=[ @3- ()3

) 3

2
(@]

=a

fo="@ )
=-tanB = 0-a

a

=-tanB=—
a

s>-tan6=-1

=stanb6 =1

=8=—

4

Now put the value of 0 in the function of x and y:

X = a cos> 0

= X = acos’ (—)

22
Similarly,
y=asin30

- asin” (3)
=y=asin’(z



(%)
= = —
Y 72

a
2.2

=y=
So the required pointis (i , i).

2V2 242
11. Question
Using Lagrange’s mean value theorem, prove that
(b-a)sec?a<tanb-tana< (b-a)se b, where0 <a<b<m/2.
Answer
Let f(x) = tan x on [a, b]

We know that, tan x function is continuous and differentiable on

n n
(D, E).Since a and b lie between 0 andE, tanx is continuous and

differentiable on (a, b).

Lagrange’s mean value theorem states that if a function f(x) is continuous on a closed interval [a, b] and
differentiable on the open interval (a, b), then there is at least one point x=c on this interval, such that

f(b)—f(a)=f(c)(b—a)

f(b) —f(a)
b-a

This theorem is also known as First Mean Value Theorem.

= f(o)=

f(x) = tan x
Differentiating with respect to x:

f'(x) = sec? x

' f(b) - fi
{00
. _f(b)-f
R
; tanb- tana
=>SECC=?

Since c lies between a and b
=s>a<c<b
> sec?a<sec’c<sec?b

; tanb- tana ;

=sec?a(b-a)<tan b -tan a<sec?b (b - a)
Hence Proved

MCQ

1. Question

Mark the correct alternative in the following:



If the polynomial equation agx" + ap_1x" 1 + apox"2 + ... a;x2 + a;x + ag = 0

n being a positive integer, has two different real roots a and B, then between a and B, the equation n anx”‘1
+(n-1) ap_.1x"2 + ... + a; = 0 has

A.exactly one root

B. almost one root

C. at least one root

D. no root

Answer

As the polynomial, napx"! + (n-1) a,_1x"% + ... + a; = 0 is a derivative of the polynomial agx" + a, _ 1x" -1

+an_ X" T2 o, ayx? + ajx + ag = 0 --------- (i)
Putting x = 0 in equation (i),

f(0) = ag < 0, {Y - Intercept of the graph is negative}
On the other hand, == an > 0 and ‘n’ is even, the leading term on X, is positive for only x.
For |x| to be large, the term anx, will dominate, so
liMm g0 F(X) =+

M yspe F(X) = 4w

If im 40 f(X) = +, there must exist

Same number a < 0, where f(a > 0)

+ f(0) = ag <0,

~0<B<0,suchthatf(B)=0

Also, there is some value 0 < a,

Where f(a) & so there exists,

0<b<awithf(b) =0

Additionally, the polynomial function (equation (i)) is continuous everywhere in R and consequently
derivative in R.

mapX"+ap x4 a, ox" 2+, ayx? + a;x + ag = 0 is continuous on a,B and derivative on a,p.

Thus, it satisfies both the conditions of Rolle' s Theorem.

As per the Rolle’s Theorem, between any two roots of a function f(x), there exists at least one root of its
derivative.

Thus, the equation na,x"1 + (n-1) a,_1x"2 + ... + a; = 0 will have at least one root between o & B.
Hence, Option (C) is the answer.

2. Question

Mark the correct alternative in the following:

If 4a + 2b 4+ ¢ = 0, then the equation 3aX + 2bx + c = 0 has at least one real root lying in the interval.
A.(0, 1)

B. (1, 2)

C. (0, 2)



D. none of these
Answer
Let f(x) = ax3 + bx2 + cx + d --------- (i)

~f(0)=d

f(2) = a(2)® + b(2)? + c(2) + d
=8a+4b+2c+d
=2(4a+2b+c)+d

~4a + 2b + c = 0 {Given}
=2(0)+d

=0+d

=d

f is continuous in closed interval [0, 2] and f is derivable in the open interval (0, 2).
Also, f(0) = f(2)

As per Rolle’s Theorem,
f(a)=0for0<a <2

f(x) = 3ax% + 2bx +

- f(a) = 3a02 + 2b(a) + C

3aa? + 2b(a) + c =0

Hence equation (i) has at least one root in the interval (0, 2).
Thus, f'(x) must have one root in the interval (0, 2).

Hence, Option (C) is the answer.

3. Question

Mark the correct alternative in the following:

For the function f(x)=x+—_ x € [1_ 3]_the value of ¢ for the Lagrange’s mean value theorem is

1
X
A.l
B. /3
C.2
D. none of these

Answer

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

x2+1
X

It shows that f(x) is continuous on 1, 3 and derivable on 1, 3.
So, both the conditions of Lagrange’s Theorem are satisfied.

Consequently, there exists c € 1, 3 such that



f! (C) _ f(3?3 : g_(l)

(3) - f(1)
=
x2+1

X

f(x) =

x2—-1

f(x) =

X2 x2

— { f(x)zx—i—%,f’(x): L 1}

x2+1
X

f(1) =

12+1

f! (X) _ f(B.; : 1;_[:1)

f(3) —f(1)
T —

x?—-1

X2

D,




x = ++/3Hence, ¢ = /3 € (1, 3) such thatf'(¢) = Lflm

Hence, Option (B) is the answer.
4. Question
Mark the correct alternative in the following:

f'(x)=1f"(b)-f(a) then
b-a '

If from Lagrange’s mean value theorem, we have

ALa<xi=b
B.a=x1<b
C.a<x<b
D.a=sx3=b
Answer

f(b) —f(a
PN Okt ) ) (a)
—a
In the Lagrange’s Mean Value Theorem, c € (a, b) such thatf'(¢) = %
-a

f is continuous on [a, b] and differentiable on (a, b), then there exists a real number x € (a, b)

So, in the case of xg, f’ (xl) = f(b;_f(a], then x;€ (a, b)
—a

~a<x;<b

Hence, Option (C) is the answer.

5. Question

Mark the correct alternative in the following:

Rolle’s theorem is applicable in case of ¢ (x) = asi"™%, a > 0 in
A. any interval

B. the interval [0, n]

C. the interval (0, m/2)

D. none of these

Answer

o(x) =a> "X, a>0

Differentiating the above-mentioned function, with respect to ‘x’
®’(x) = log a (cos x a SinX)

~ ®'(c) = log a (cos c a Sin¢)

Let d'(c) =0

log a(coscasSnc =0

coscasinc=90

cosc=0

C C I
osc = Cos;



s
S C=—
2

Also, the above-mentioned function, is derivable and continuous on the interval [0, m].

Thus, here Rolle’s Theorem is applicable on the above mentioned function in the interval [0,m].
Hence, Option (B) is the answer.

6. Question

Mark the correct alternative in the following:

The value of e in Rolle’s theorem show f(x) = 2x3 - 5x2 - 4x + 3, is x €[1/3, 3]

A2

-
D. =

3
Answer
flx) = 2% = 5X? - 4x + 3
f(x) = 6x° - 10X - 4
f(c) = 6c2 - 10c - 4
~f(c)=0
~6c2-10c-4=0
3c2-5c-2=0
3c24+c-6c-2=0
c(3c+1)-2(3c+1)=0
(3c+1)(c-2)=0

c=2orc=—-
3
1
~C=2€(3,3)
Thus, as per Rolle’s Theorem, c =2 € (51,3).

So, the required value of c = 2

Hence, Option (A) is the answer.

7. Question

Mark the correct alternative in the following:

"The value tangent to the curve y = x log x is parallel to the chord joining the points (1, 0) and (e, e), the
value of is

A. e1 l-e

|e—1} 2e-1)
B. o



p. &1

e
Answer
y = x log x

Differentiating the function with respect to ‘x’,

dy

—=1+1

dx O8X

Slope of tangent to the curve = 1 + log x

And, slope of the chord joining the points, (1, 0) & (e, €)

e
e—1

m =

The tangent to the curve is parallel to the chord joining the points, (1, 0) & (e, €)

~m=1+log x

=1 +logx

Hence, Option (A) is the answer.
8. Question
Mark the correct alternative in the following:

The value of c in Rolle’s theorem for the function f(x)= Mdefined on[-1, 0]is
X
e

D.-0.5

Answer

Differentiating the function with respect to ‘x’,



e (2x+ 1) —x(x+ 1)e®

f'(x) = e
, e*[(2x+ 1) —x(x+1)]
f'(x) = &)?
, [(2x+ 1) —x(x+1)]
f'(x) = "
2x+1—%x*—x
f’(x)z—ex
x+1-—%x°
f’(:«;)=—ex
—x*+x+1
f’(x)ziex
—c*+c+1
() = ————
~f'(c)=0
—c*+c+1 0
ec -
—c?4+c+1=0
c2—c—1=0

Using Sridharacharya Formula,

In a general equation, ax2 + bx + ¢ =0

_ —b+ vb? —4ac
x= 2a
D EJEDT A D
) 2(1)
1+\1+4
‘=7
1+4+5
=73

wil

1—y
2

So the required value of ¢ = € (-1, 0).

Hence, Option (C) is the answer.

9. Question

Mark the correct alternative in the following:

The value of c in Lagrange’ mean value theorem for the function f(x) = x (x - 2) where xe [1, 2] is

Al

w
rJ|.—A



[SSR N

o
b |

Answer

f(x) = x (x - 2)

fx) = x° = 2X

Since, a polynomial function is always continuous and differentiable.

As f(x) is a polynomial function so it is always continuous on 1, 2 and differentiable on 1, 2.
- f(x) satisfies both the conditions of Lagrange’s Theorem on 1, 2.

So, a real number has to exist c € 1, 2, such that
{f(2) —f(1)}
(2-1)

_{f(2) - (1)}
N 1

f'(c) =

=+ f(x) = x2 - 2x

{f(2) - (1)}

A (%) = :

0—1
! e —
f'(x) = i

3
.c=E€(1,2)

Hence, Option (D) is the answer.
10. Question

Mark the correct alternative in the following:



The value of c in Rolle’s theorem for the function f(x) = x3 - 3x in the interval [0_ JE Iis

Al

B. -1

0
b | W

o
3| =

Answer
fx) = x> = 3X

The above mentioned polynomial function is continuous and derivable in R.

- the function is continous on [0, /3] and derivable on [0, /3]1.

Differentiating the function with respect to x,

f(x) = x° - 3X
F(x) = 3x2 -3
~f(c)=3c?-3
f(c)=0
3c?-3=
c?-1=0
c2=1
c==x1

Hence, c = 1 €0, /31, as per the condition of Rolle’s Theorem.

The required value is ¢ = 3.
Hence, Option (A) is the answer.
11. Question

Mark the correct alternative in the following:

If f(x) = eXsinx in [0, 1], then c in Rolle’s theorem is

A.

oA

A

(SR

Answer



As, f(x) = eX Sin x

Differentiating the function with respect to ‘x’,
f'(x) = eX Cos x + Sin x e

~f'(c) =e®Cos c + Sinc e

As, e* Cos x is continuous and derivable in R.

- it'is contionous on [0, t] and derivable on (0, ).
f(0) = €% Sin (0)

=0

f(r) = e™Sinm

=e™(0)
=0
~f(c)=0
f(b) — fi
oo - ts_a(a)
f(m) — f(0)
B m—0
_0—0
T
=0

e Cosc+Since“=0
e¢(Cosc+Sinc)=0
Cosc + Sinc =0 -------- (i)

Cosc=-Sinc

Cosc = —Cos G— c)

Cosc= cos (TII-I— (g— c))

Cosc= cos(ﬁ+g—c)

2
3T
c= > C
5 3T
c=—
2
3T
R
3n

Hence, Option (D) is the answer.



Very short answer

1. Question

If f(x) = Ax2 + Bx + C is such that f(a) = f(b), then write the value of c in Rolle’s theorem.
Answer

f(x) = Ax2 + Bx + C

Differentiating the above-mentioned function with respect to ‘x’,

f'(x) = 2Ax + B

f'(c) = 2Ac + B
f'(c)=0
~2Ac+B=0

B .
Cc= T (i)

As f(a) = f(b),

fla) = Aa?+Ba+ C

f(b) = Ab2 + Bb + C
Aa?+Ba+ C=Ab?+Bb+C
Aa? + Ba = Ab? + Bb
A(a2-b%) +B(a-b)=0
A(a+b)(a-b)+B(a-b)=0
(a-b){A(@a+b)+B}=0

a=b,A=_i

a+b=_§{Asa¢b}

From equation (i)

a+b
2

C=

Hence the required value is = %b .

2. Question

State Rolle’s theorem.

Answer

Rolle’s Theorem is stated as below: -

Let ‘f’, be a real valued function defined on the closed interval a, b such that
i. It is continuous in the closed interval [a, b].

ii. It is differentiable in the open interval (a, b).

iii. f(a) = f(b)

Then there exists a real number c € (a, b) such that f'(c) = 0.

3. Question



State Lagrange’s mean value theorem.

Answer

Lagrange’s Mean Value Theorem is stated as below :-
Let f(x) be a function defined on a, b such that

i. It is continuous on a, b and

ii. It is differentiable on a, b.

Then there exists a real number c € a, b such that f'(¢) = fc"é;f(aj.
—a

4. Question

If the value of ¢ prescribed in Rolle’s theorem for the function f(x) = 2x (x - 3)" on the interval

[0‘ 2 3,_. 1% é write the value of n (a positive integer).
4

Answer
f(x) = 2x (x - 3)"
Differentiating the above-mentioned function with respect to ‘x’,

f(x)=2[xn(x-3)""14 (x-3)]

Xn

f'{x)=2(x-3)" —

+1]

A (0) = 2(c—3)® [%+ 1]

4/ (_9
4
91‘1
2-(3) [-5+1-
I1+1—0
3 =
(—n+3)
5 =
-n+ 3=
-n =-3
n=3

Hence, the required value of ‘n’ is 3.

5. Question

Find the value of ¢ prescribed by Lagrange’s mean value theorem for the function f(x) =+ g'xf _ 4 defined
on[2, 3].

Answer

flx) =yx2—-4



f(x) will exist, if
x2-4=0

x2 =4
sX<s-20rx=2

- for each x € [2, 3], the function f(x) has a unique definite value, f(x) is continuous on (2, 3).

1
f'{(x) =——(2x
B =™

X
T2y —4

Exists for all x € (2, 3).
So, f(x) is differentiable on (2,3).
Hence, both the conditions of Lagrange’s Theorem are satisfied.

Consequently, there exists c € (2, 3) such that,

OO
3 f(3)—1f(2)
=0
flx) = x2—

f'(x) =

VxZ—4

f(3) f(2)

() =

fm

-0
1

f'(x) =

X

Vx2—4

=5

Squaring both sides,

XE

— (VEY
REEn
XZ

X2—4

-20-x2=0



Hence, c = V5 € (2, 3) such thatf'(¢) = %

Hence the above explanation verifies the Lagrange’s Theorem.

1. Question

What are the values of ‘a’ for which f(x) = a* is increasing on R?

Answer

f(x) = aX

f'(x) =aXlog a

-+ f(x) is increasing on R.

~f(x)>0

~aXloga>0

-- Logarithmic function is defined for positive values of a.
~a>0

~a*>0

-aXloga>0

- It can be possible whenloga* >0 &loga>0ora <0 &loga<0.
loga=>0

~a>1

Hence, f(x) is increasing when a > 1.

2. Question

What are the values of ‘a’ for which f(x) = a* is decreasing on R?

Answer

f(x) = a*

f'(x) = aXlog a

-- f(x) is decreasing on R.

~F(x) <0,¥VxeR

~a%‘loga<0,VxeR

-- Logarithmic function is not defined for negative values of a.
~a%>0

. a%log a < 0 can be possible when log a < 0,Vx € R.
~1>a>0

Hence the function f(x), whose values are 1 > a > 0.



3. Question

Write the set of values of ‘a’ for which f(x) = log, X is increasing in its domain.
Answer

f(x) = loggx

Let X7, Xp€ (0, ») such that x; < x5.

- the function here is a logarithmic function, so eithera>1or1l >a > 0.
Case-1

Leta>1

X1 < X

= l0g5X; < loggxs

= f(xq) < f(xp)

-~ X1 < X3 & f(xq1) < f(x5), V¥ X7, X2€ (0, )

Hence, f(x)is increasing on (0, «).

Case -2

Let,1>a>0

X1 < X

~ 10gax1 > logyxs

= f(xq) > f(xo)

o X1 < X & f(Xx7) > f(X5), V X1, X5€ (0, )

Thus, for a > 1, f(x) is increasing in its domain.

4. Question

Write the set of values of ‘a’ for which f(x) = log, x is decreasing in its domain.
Answer

f(x) = logsx

Domain of the above mentioned function is (0, )

Let X7, Xo€ (0, ») such that x; < x5.

-+ the function here is a logarithmic function, so eithera>1or1l >a > 0.
Case -1

Leta>1

X1 < X

~ 10gax1 < loggxs

= f(xq) < f(xo)

o X1 < X & f(Xx7) < f(X2), V X1, X2€ (0, )

Hence, f(x)is increasing on (0, ).

Case -2

Letl>a>0



X1 < X
- l0g3x7 > loggxs

= f(xq) > f(xz)

=~ X1 < Xp & f(Xq7) > f(x5), V X1, X2€ (0, )

Hence, f(x)is decreasing on (0, ).

Thus, for 1 > a > 0, f(x) is decreasing in its domain.
5. Question

Find ‘@’ for which f(x) = a (x + sinx) + a is increasing on R.
Answer

f(x) =a(x+ Sinx) + a

f(x)=a(l+Cosx)+0

f'(x) = a (1 + Cos x)

For f(x), to be increasing, it must have,

f'(x) >0

~a(l+ Cosx)>0-—-mmmmem (i)
+-1=Cosx=1VxeR
~0=(1+Cosx)=2,VxeR

~a>0 {Fromeq. (i)}

~a€ (0, o)

Hence the required set of values is a € (0, «).

6. Question

Find the vales of ‘a’ for which the function f(x) = sinx - ax + 4 is increasing function on R.
Answer

f(x) =Sinx-ax + 4

f'(x) =Cosx-a+0

f'(x) = Cos x - a

-+ f(x) is increasing on R.

f'(x) >0

~Cosx-a=>0

Cosx > a

-~ Cosx=-1,VxeR

~a<-1

A€ (-0, -1)

Hence the required set of values is a € (-, -1).

7. Question

Find the set of values of ‘b’ for which f(x) = b(x + cosx) + 4 is decreasing on R.



Answer

f(x) =b (x+ Cosx) + 4

f(x) =b(1-Sinx)+ 0

f'(x) = b (1 - Sin x)

-+ f(x) is decreasing on R.

~f(x)<0

b(1-Sinx)<0

+~Sinx=s1

1-Sinx=0
~b(1-Sinx)<0&1-Sinx=0

~b<0

~be(-»,0)

Hence the required set of values is b € (-», 0).
8. Question

Find the set of values of a’a’ for which f(x) = x + cosx + ax + b is increasing on R.
Answer

f(x) =x+Cosx+ax+b
ffix)=1-Sinx+a+0

ff(x) =1-Sinx+ a

For, f(x) to be increasing, it must have

f'(x) >0

~1-Sinx+a=>0

1>Sinx-a

Sinx<a+1

-+ the maximum value of Sin x is 1.
Also,1<a+1

a>0

~a€ (0, ©)

Hence the required set of values is a € (0, «).
9. Question

Write the set of values of k for which f(x) = kx - sinx is increasing on R.
Answer

f(x) = kx - Sin x

f'(x) = k - Cos x

For, f(x) to be increasing, it must have

f'(x) >0



~k-Cosx>0

k > Cos x

Cos x <k

- the minimum value of Xos x is 1.

Also, Cos x < k

~. The minimum value of k is 1.

~ke(l, »)

Hence the required set of values is k € (1, »).

10. Question

If g(x) is a decreasing function on R and f(x) = tan'1 {g(x)}. State whether f(x) is increasing or decreasing on
R.

Answer

-+ g(x) is decreasing on R.

f(x) = tan'lx is an increasing function.
f o g(x) = f(g(x)) = tan"(g(x))

is a decreasing function

Composite of two functions,

f(x) | g(x) | Composite
1 1 1
l l 1
T l l
l 1 l
Glossary -

T - Increasing

! - For decreasing f(x).
X1 <X

~ g (X1) > g (xp)

Applying, tan'! on both the sides, of the mentioned equation,



~tanl {g (x7)} > tan! {g (x5)}
= Fxg) > f(xp)

Hence it is decreasing on R.
11. Question

Write the set of values of a for which the function f(x) = ax + b is decreasing for all xeR.

Answer
f(x) =ax +b
f(x)=a+0
f'(x) = a

For, f(x) to be decreasing, it must have

fi(x) <0

~a<o0

~a€ (-0, 0)

Hence the required set of values is a € (-», 0).
12. Question

Write the interval in which f(x) = sin x + cos x, x€[0, n/2] is increasing.
Answer

f(x) = Sin x + Cos x, x€ [0, g]

f'(x) = Cos x - Sin x

For, f(x) to be increasing, it must have

f(x) >0

Cos x-Sinx>0

Sin x < Cos x

Sinx

Cosx

tanx <1

tan x < tanE

~XE [(}E)

Hence, the required interval is x € [02)

13. Question

State whether f(x) = tanx - x is increasing or decreasing its domain.
Answer

f(x) = tan x - x

f(x) = Sec?x - 1

Sec?x-1=0

Sec?x = 1



.- 1 + tan?x = Sec?x

~1l+tan’x =1

tan?x = 0

- tan?x = 0 Vx € [0, 2n]

- f(x) is increasing its domain.

14. Question

Write the set of values of a for which f(x) = cosx + &x + b is strictly increasing on R.
Answer

f(x) = Cos x + a’x + b

f(x) =-Sinx + a2+ 0

f'(x) = a2 - Sin x

-+ f(x) is strictly increasing on R
~f(x)>0,VxeR
~a’-Sinx>0,VxeR

~a?>Sinx, VxeR

~ Maximum value of Sin x is 1.

~ a? > Sin x, aZ is always greater than 1.
aZ>1

al-1>0

(@a+1)(a-1)>0

~a€ (-, -1) U (1, x)
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