


4.4 The Second Fundamental Theorem of 

Calculus and the Method of Substitution
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Theorem A: Second Fundamental Theorem of Calculus
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Theorems

The problem of finding the integral problem can be translated into 
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Theorem B: Substitution Rule for Indefinite Integrals
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Theorem C: Substitution Rule for Definite Integrals

Let 𝑔 have a continuous derivative on  𝑎,  𝑏 , and let 𝑓
be continuous on the range of 𝑔. Then 
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Example 1
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Example 2

Evaluate  0
4

𝑥2 + 𝑥 2𝑥 + 1 𝑑𝑥.

Let 𝑢 = 𝑥2 + 𝑥; then 𝑑𝑢 = 2𝑥 + 1 𝑑𝑥. Thus, 

 𝑥2 + 𝑥 2𝑥 + 1 𝑑𝑥 =  𝑢  1 2𝑑𝑢 =
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𝑢  3 2 + 𝐶 =
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𝑥2 + 𝑥  3 2 + 𝐶

Therefore, by the Second Fundamental Theorem of Calculus,
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Example 3

Evaluate  0
 𝜋 4

sin3 2𝑥 cos 2𝑥 𝑑𝑥.

Let 𝑢 = sin 2𝑥; then 𝑑𝑢 = 2 cos 2𝑥 𝑑𝑥. Thus,

 sin3 2𝑥 cos 2𝑥 𝑑𝑥 =
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 sin 2𝑥 3 2 cos 2𝑥 𝑑𝑥 =

1

2
 𝑢3𝑑𝑢 =

1

2

𝑢4

4
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8
+ 𝐶

𝑢 𝑑𝑢

Therefore, by the Second Fundamental Theorem of Calculus, 
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Example 4  

The integral   2

02sin cosI x x x
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Example 5
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siny x
sin x

0



 dx

 ( 1) 1   
O x

y



Define A to be the area under the curve of sin ,y x

0 and .x x  

above the x-axis, 
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Example 7
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As shown in the figure
2( ) max{ , }f x x x
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Example 8

(Method 1)
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Example 8
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Summary
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Questions and Answers
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Questions and Answers
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Questions and Answers
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