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Learning objectives:

1. Define the derivative as a function.

2. The property of di↵erentiability

3. When can a function fail to be di↵erentiable?

4. Higher derivatives and their interpretation.

The derivative of a function y = f (x) is a new function f 0(x) defined by

f 0(x) = lim
h!0

f (x + h) � f (x)

h
.
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Example 1. If f (x) = x3 � x, find a formula for f 0(x).

Example 2. Find f 0(x) if f (x) =
1 � x
2 + x

.
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Other Notations for Derivative

f 0(x) = y0 =
dy
dx
=

d f
dx
=

d
dx

f (x) = D f (x) = Dx f (x) .

The symbol D and d/dx are called the di↵erentiation operators since they indicate

the process of di↵erentiation.

We often write f 0(a) as
dy
dx

�����
x=a

.

Di↵erentiability
A function f is said to be di↵erentiable at a if f 0(a) exists. It is di↵erentiable on an

open interval if it is di↵erentiable at every number in the interval.

Example of y =
p

x from previous lecture:

Example 3. Where is function f (x) = |x| di↵erentiable?
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Di↵erentiability implies continuity
If f is di↵erentiable at a then f is continuous at a.

There exist functions that are continuous but not di↵erentiable.

How can a function fail to be di↵erentiable?

Higher Derivatives

d
dx

✓dy
dx

◆
=

d2y

dx2
.

Same as f 00 = ( f 0)0 we have f (n) = ( f (n�1)
)
0
, that is, in general

d
dx

✓dn�1y

dxn�1

◆
=

dny

dxn .
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Example 4. If f (x) = x3 � x, find f 00(x), f 000(x) and f (4)
(x).

In Example 1 f a 3 2 1

f a f a him flathyfted

limo 3442 1 1321

Gmo 34
2

221321 11 3 1
132

Gm 13111 light G bx

2 62

f 12 Gp fhcathhFI lim.amI

YmoTtqh 6 6 f in 6

514 x Gm f ath f1 64 0

a 0 0


