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» The slope of the secant line is also referred to as the
average rate of change of f over the interval [x, x + h].

» Thus, average rate of change of f over the interval
[x, x + h] will be

fx+h) = fx)
. :

» What will happen if i “tends” to 0?
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As h tends to 0 the points x and x + h coincide and hence
the secant line tends to the tangent line at x. See the
animation. Thus,

) = tim FEE D= 1)

Slope of the tangent line is known as Instantaneous Rate of
Change
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Check the differentiability of the function f(x) = |x]|.
Note that for any x € R\ {0}, the limit

L flth) = f(x)
h

h—0

exists. For x = 0, we have
||

limf(0+h) —f(O) = lim —.
h—0 h h—0 h

The left hand limit is —1 and the right hand limit is 1,
hence the limit does not exist. Thus, the function is not
differentiable at x = 0.



Application of derivative

We will discuss the following applications:



Application of derivative

We will discuss the following applications:
» Rolle’s theorem



Application of derivative

We will discuss the following applications:
» Rolle’s theorem

» Mean value theorem
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Problems on Rolle’s Theorem

Problem

For the function f(x) = x (x* — 1) test for the applicability
of Rolle’s theorem in the interval [—1,1] and hence find c
such that —1 < c < 1.
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Solution
Given that the function is

We have

1. fis continuous on [—1,1],

2. f is differentiable on (—1,1) and

3. f(=1) =0=f(1).
Since f satisfies the hypothesis of Rolle’s theorem, there exists
c € (—1,1) such that f'(c) = 0. That is,
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Problem 2

Problem
Verify the Rolle’s theorem for

f(x)=——, inl0,mn].




Solution

» Since sin x and e* is continuous and e* is not zero in
the interval [0, 77], so f(x) = S is continuous on
[0, 7t].

» Since sin x and e* is differentiable and e* is not zero
in the interval (0, 77), so f(x) = 882 is differentiable

n (0, 7).

» Since

f(0) =

sin 0 sin T
— d
0 =0 andf(m) = e

So, Rolle’s theorem is applicable for the given
function and hence there exists ¢ € (0, 7r) such that

file) =



Problem 3

Problem
It is given that the Rolle’s theorem holds for the function

f(x):x3+bx2+cx, 1<x<2

at the point x = %. Find the value of b and c.



Solution

» Since Rolle’s theorem is applicable, so

f(l)=f2) = 14+b+c=8+4b+2c
= 3b+c=-7.

Also,

(4 16 8
f(3 =0 = 3+3+c—0

—> 8b+ 3c = —16.

> Solve the two equations to find b and c.
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Then, there exists ¢ € (a,b) such that

Proof.
Take
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Problem-1

Problem
Verify the Lagrange’s mean value theorem for the function

fx)=x(x—1)(x—2), a=0andb= %

Also find c.



Solution

» Since f(x) is a polynomial it is continuous and
differentiable.

» By the LM.V.T there exists ¢ € <0, %) such that

» Note that
flx) =2 =3x2 +2x = f'(x) =3x% —6x+2.
Thus,

f'(c) :f—(b})):i(a) = 3¢ —6c+2=

NI—| ool w

Solve for c.



Problem-2

Problem
Verify the Lagrange’s mean value theorem for the function
given below and find c

f(x)=1logx, a=1landb=e.
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