
Calculus  
Lesson  4.4:  The Fundamental Theorem of Calculus 

Mrs. Snow, Instructor 
 

 
The two major branches of calculus are: differential calculus and integral calculus. At this point, 
these two problems might seem unrelated—but there is a very close connection.  The 
connection was discovered independently by Isaac Newton and Gottfried Leibniz and is stated in 
a theorem that is appropriately called the Fundamental Theorem of Calculus.  Informally, the 
theorem states that differentiation and (definite) integration are inverse operations, in the same 
sense that division and multiplication are inverse operations. To see how Newton and Leibniz 
might have anticipated this relationship, consider the approximations shown in the following 

figures.  The slope of the tangent line was defined using the quotient 
∆𝑦

∆𝑥
 (the slope of the secant 

line). Similarly, the area of a region under a curve was defined using the product ∆𝑥∆𝑦 (the area 
of a rectangle). 

 
The limit process used to define the derivative and the definite integral preserve this inverse 
relationship.  

 



 

 

Evaluate each definite integral. 

∫(𝑥2 − 3) 𝑑𝑥
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∫ 3√𝑥 𝑑𝑥
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∫ 𝑠𝑒𝑐2𝑥 𝑑𝑥
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A definite integral involving absolute value 
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Using the fundamental theorem to find area 
Find the area of the region bounded by the graph 𝑦 = 2𝑥2 − 3𝑥 + 2, the x-axis, and the 
vertical lines x=0 and x=2 

 
 
 
 
 
 

Using Mean Value Theorem 
Find the values of c guaranteed by the mean value theorem for integrals over the given 

interval.  𝑓(𝑥) =
9

𝑥3 , [1, 3] 

 

 



The value of 𝑓(𝑐)given in the Mean Value Theorem for Integrals is called the average value 
of 𝑓 on the interval [𝑎, 𝑏]. 

 

Finding the Average Value of a Function 
 
Find the average value of 𝑓(𝑥) = 3𝑥2 − 2𝑥 on the interval [1,4].  
 

 

The Definite Integral as a Function 
Evaluate the function 

𝐹(𝑥) = ∫ cos 𝑡  𝑑𝑡

𝑥
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[ ∫ 𝒇(𝒕)𝒅𝒕
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] = 𝒇(𝒙) 

 

Using the Second Fundamental Theorem of Calculus 
x

2

0

d
t 1dt

dx

 
+ 

 


 
 
 

Find the derivative of 

𝑑

𝑑𝑥
∫ cos 𝑡  𝑑𝑡

𝑥3

𝜋 2⁄

 

 

 


