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Section 5.3 – The Fundamental Theorem of Calculus 

- The Fundamental Theorem of Calculus, Part 1 
Suppose 𝑓 is continuous on [𝑎, 𝑏]. 

If 𝑔(𝑥) = ∫ 𝑓(𝑡)𝑑𝑡
௫

௔
, then 𝑔ᇱ(𝑥) = 𝑓(𝑥).  

 
 
 

𝑑

𝑑𝑥
න 𝑓(𝑡)

௫

௔

𝑑𝑡 = 𝑓(𝑥) 

 

 
 
 
 
 
 
 
 

- Chain rule for Fundamental Theorem of Calculus, part 1 
𝑑

𝑑𝑥
න 𝑓(𝑡)

௛(௫)

௚(௫)

𝑑𝑡 = 𝑓൫ℎ(𝑥)൯ ∙ ℎᇱ(𝑥) − 𝑓൫𝑔(𝑥)൯ ∙ 𝑔ᇱ(𝑥) 

 

 
 
 
 
 
 
 

Example 1 

Find the derivative of the function 𝑔(𝑥) = ∫ √1 + 𝑡ଶ௫

଴
𝑑𝑡 

Solution 

 

Example 2 

Find ௗ

ௗ௫
∫ sec 𝑡

௫ర

ଵ
𝑑𝑡 

Solution 
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- The Fundamental Theorem of Calculus, Part 2 
Suppose 𝑓 is continuous on [𝑎, 𝑏]. 

∫ 𝑓(𝑥)
௕

௔
𝑑𝑥 = 𝐹(𝑏) − 𝐹(𝑎), where 𝐹 is any antiderivative of 𝑓, that is, 𝐹ᇱ = 𝑓. 

 

න 𝐹ᇱ(𝑥)
௕

௔

𝑑𝑥 = 𝐹(𝑏) − 𝐹(𝑎) 

 
 

 
 
 

 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 

Example 3 

Evaluate the integral ∫ 𝑒௫ଷ

ଵ
𝑑𝑥. 

Solution 

 

Example 4 

Evaluate ∫
ௗ௫

௫

଺

ଷ
. 

Solution 
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Example 5 

Evaluate ∫
1

௫మ

ଷ

ିଵ
𝑑𝑥. 

Solution 

 

Example 6 

Find the area under the parabola 𝑦 = 𝑥ଶ from 0 to 1. 

Solution 
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Problems 

- Use Part 1 of the Fundamental Theorem of Calculus to find the derivative of 
the function. 

(a) 𝒉(𝒖) = ∫
√𝒕

𝒕ା𝟏

𝒖

𝟎
𝒅𝒕 

 

 

 

 

 

 

 

 

 

(b) 𝑹(𝒚) = ∫ 𝒕𝟑 𝐬𝐢𝐧 𝒕
𝟎

𝒚
𝒅𝒕 
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(c) 𝒉(𝒙) = ∫ 𝐥𝐧 𝒕
𝒆𝒙

𝟏
𝒅𝒕 

 

 

 

 

 

 

 

 

 

 

(d) 𝒚 = ∫
𝒖𝟑

𝟏ା𝒖𝟐

𝟏

𝟏ି𝟑𝒙
𝒅𝒖 
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(e) 𝒈(𝒙) = ∫ 𝒕 𝐬𝐢𝐧 𝒕
𝟏ା𝟐𝒙

𝟏ି𝟐𝒙
𝒅𝒕 

 

 

 

 

 

 

 

 

 

(f) 𝑭(𝒙) = ∫ arctan 𝒕
𝟐𝒙

√𝒙
𝒅𝒕 
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- Evaluate the integral. 

(a) ∫ 𝐬𝐢𝐧 𝜽
𝝅

𝝅/𝟔
𝒅𝜽 

 

 

 

 

 

 

 

 

(b) ∫
𝟐ା𝒙𝟐

√𝒙

𝟒

𝟏
𝒅𝒙 
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(c) ∫ ට
𝟑

𝒓

𝟏𝟖

𝟏
𝒅𝒓 

 

 

 

 

 

 

 

 

 

 

(d) ∫ (𝒙𝒆 + 𝒆𝒙)
𝟏

𝟎
𝒅𝒙 
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- Evaluate the integral and interpret it as a difference of areas. Illustrate with 
a sketch. 

න 𝒙𝟑
𝟐

ି𝟏

𝒅𝒙 

 

 

 

 

 

 

 

 


