
Ch.2 – Limits and Derivatives 

99033673          Azha.education   

1 

Section 2.8 – The Derivative as a Function 

- Derivative of 𝑓 at any value (𝑥) 

𝑓′(𝑥) = lim
ℎ→0

𝑓(𝑥 + ℎ) − 𝑓(𝑥)

ℎ
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 لاحظ

أكثر من تعبير للمشتقة  يوجد 

𝑓′(𝑥) = 𝑦′ =
𝑑𝑦

𝑑𝑥
=

𝑑𝑓

𝑑𝑥
=

𝑑

𝑑𝑥
𝑓(𝑥) = 𝐷𝑓(𝑥) = 𝐷𝑥𝑓(𝑥) 

Example 1 

If 𝑓(𝑥) = 𝑥3 − 𝑥, find a formula for 𝑓′(𝑥). 

Solution 
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Example 2 

Find 𝑓′ if 𝑓(𝑥) =
1−𝑥

2+𝑥
. 

Solution 
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- Differentiability 

A function 𝑓 is differentiable at 𝒂 if 𝑓′(𝑎) exists. 

It is differentiable on an open interval (𝑎, 𝑏) if it is differentiable at every number in the 

interval. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Solution 

 

Example 3 

Is the function 𝑓(𝑥) = ȁ𝑥ȁ differentiable at 𝑥 = 0? 
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Differentiability   continuity 

 

 لاحظ

- Theorem: 

If 𝑓 is differentiable at 𝑎, then 𝑓 is continuous at 𝑎 
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- Higher derivatives 

 

𝑓′′(𝑥) = lim
ℎ→0

𝑓′(𝑥 + ℎ) − 𝑓′(𝑥)

ℎ
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Example 4 

If 𝑓(𝑥) = 𝑥3 − 𝑥, find a formula for 𝑓′′(𝑥). 

Solution 
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Problems 

- Find the derivative of the function using the definition of derivative. 

(a) 𝒇(𝒙) = 𝟒 + 𝟖𝒙 − 𝟓𝒙𝟐 
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(b) 𝒇(𝒙) = 𝒙 + √𝒙 
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- The graph of 𝒇 is given. State, with reasons, the numbers at which 𝒇 is not 

differentiable. 

(a) 

 

 

 

 

 

(b) 

 

 

 

 

(c) 

 

 

 

 

 

(d)  
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- (a) If 𝒈(𝒙) = 𝒙𝟐/𝟑, show that 𝒈′(𝟎) does not exist. 

 

 

 

 

 

 

 

 

 

b) If 𝒂 ≠ 𝟎, find 𝒈′(𝒂). 

 

 

 

 

 

 

 

 

 

 

(c) Show that 𝒚 = 𝒙𝟐/𝟑 has a vertical tangent line at (𝟎, 𝟎). 
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- Show that the function 𝒇(𝒙) = ȁ𝒙 − 𝟔ȁ is not differentiable at 𝟔.  

Find a formula for 𝒇′. 
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- (a) Find 𝒇′
−

(𝟒) and 𝒇′
+

(𝟒) for the function 

𝒇(𝒙) = {

𝟎               if          𝒙 ≤ 𝟎
𝟓 − 𝒙           if    𝟎 < 𝒙 < 𝟒

𝟏

𝟓 − 𝒙
            if            𝒙 ≥ 𝟒
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(b) Where is 𝒇 discontinuous? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(c) Where is 𝒇 not differentiable? 


