
TOPIC: THE FUNDAMENTAL THEOREM OF CALCULUS
Fundamental Theorem of Calculus (FTC) Part 1

EXAMPLE Use the Fundamental Theorem to find      for the following.
EXAMPLE Find the derivative of the following functions. 

  
Derivatives of General Exponential Functions  

◆ We can use limits to find a derivative rule that works for all exponential functions 𝑏𝑏𝑥𝑥. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

    Derivative of 𝒃𝒃𝒙𝒙 New 

BIZ REG 

ሺ𝑨𝑨ሻ      𝑓𝑓ሺ𝑥𝑥ሻ = 6𝑥𝑥 ሺ𝑩𝑩ሻ     𝑔𝑔ሺ𝑥𝑥ሻ = 3𝑥𝑥2+4𝑥𝑥 

𝑑𝑑
𝑑𝑑𝑥𝑥 ሺ𝒃𝒃𝒙𝒙ሻ = ____ ⋅ _________

𝑑𝑑
𝑑𝑑𝑥𝑥 ሺ𝑏𝑏𝑥𝑥ሻ = lim

ℎ→0

𝑏𝑏𝑥𝑥+ℎ − 𝑏𝑏𝑥𝑥

ℎ  

= lim
ℎ→0

                        
   

=          ⋅ lim
ℎ→0

                   
     

𝑏𝑏 ______
𝑏𝑏 ______ 

ln 𝑏𝑏 = lim
ℎ→0

𝑏𝑏ℎ − 1
ℎ    

Limit Definition of ln at h=0 

 𝑓𝑓′ሺ𝑥𝑥ሻ = lim
ℎ→0

𝑓𝑓ሺ𝑥𝑥 + ℎሻ − 𝑓𝑓ሺ𝑥𝑥ሻ
ℎ  

Recall 

Limit Definition of a Derivative 

EXAMPLE Find the derivative of the following functions. 

  
Derivatives of General Exponential Functions  

◆ We can use limits to find a derivative rule that works for all exponential functions 𝑏𝑏𝑥𝑥. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

    Derivative of 𝒃𝒃𝒙𝒙 New 

BIZ REG 

ሺ𝑨𝑨ሻ      𝑓𝑓ሺ𝑥𝑥ሻ = 6𝑥𝑥 ሺ𝑩𝑩ሻ     𝑔𝑔ሺ𝑥𝑥ሻ = 3𝑥𝑥2+4𝑥𝑥 

𝑑𝑑
𝑑𝑑𝑥𝑥 ሺ𝒃𝒃𝒙𝒙ሻ = ____ ⋅ _________

𝑑𝑑
𝑑𝑑𝑥𝑥 ሺ𝑏𝑏𝑥𝑥ሻ = lim

ℎ→0

𝑏𝑏𝑥𝑥+ℎ − 𝑏𝑏𝑥𝑥

ℎ  

= lim
ℎ→0

                        
   

=          ⋅ lim
ℎ→0

                   
     

𝑏𝑏 ______
𝑏𝑏 ______ 

ln 𝑏𝑏 = lim
ℎ→0

𝑏𝑏ℎ − 1
ℎ    

Limit Definition of ln at h=0 

 𝑓𝑓′ሺ𝑥𝑥ሻ = lim
ℎ→0

𝑓𝑓ሺ𝑥𝑥 + ℎሻ − 𝑓𝑓ሺ𝑥𝑥ሻ
ℎ  

Recall 

Limit Definition of a Derivative 

◆ Recall:         is an antiderivative of         .

 Fundamental Theorem of Calculus Part 1 connects derivatives to definite integrals.▶ 

The Fundamental Theorem of Calculus Part 1

EXAMPLE Use the Fundamental Theorem to find 𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑 for the following. 

 
Fundamental Theorem of Calculus (FTC) Part 1 

◆ Recall: 𝐹𝐹(𝑥𝑥) is an antiderivative of 𝑓𝑓(𝑥𝑥). 

● Fundamental Theorem of Calculus Part 1 connects derivatives to definite integrals. 

 

 

 

 

 

 

 

 

◆ If upper bound is a fcn of 𝑥𝑥, use FTC w/ _______ rule to find the derivative. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The Fundamental Theorem of Calculus Part 1: 
 
If 𝑓𝑓(𝑥𝑥) is continuous on [𝑎𝑎, 𝑏𝑏], and 𝐹𝐹(𝑥𝑥) =                , then: 
 
 

(𝑨𝑨) (𝑩𝑩) 
𝑦𝑦 =    ∫(𝑡𝑡3 − 3𝑡𝑡2 + 4)

𝑑𝑑

1

𝑑𝑑𝑡𝑡 𝑦𝑦 =    ∫ 2
1 + 𝑡𝑡

𝑑𝑑2

5

𝑑𝑑𝑡𝑡 

∫ 𝑓𝑓(𝑡𝑡)
𝑑𝑑

𝑎𝑎

𝑑𝑑𝑡𝑡 

𝐹𝐹′(𝑥𝑥) =            
       ∫ 𝑓𝑓(𝑡𝑡)

𝑑𝑑

𝑎𝑎

𝑑𝑑𝑡𝑡 = ________ 

𝑑𝑑
𝑑𝑑𝑥𝑥 ∫ 𝑓𝑓(𝑡𝑡)

𝑔𝑔(𝑑𝑑)

𝑎𝑎

𝑑𝑑𝑡𝑡 = 𝑓𝑓൫𝑔𝑔(𝑥𝑥)൯ ⋅ 𝑔𝑔′(𝑥𝑥) 

New 

 

𝒚𝒚 

𝑎𝑎 𝑥𝑥 𝑏𝑏 

𝒇𝒇(𝒕𝒕) 

𝑨𝑨 = 𝑭𝑭(𝒙𝒙) = ∫ 𝒇𝒇(𝒕𝒕)
𝒙𝒙

𝒂𝒂

𝒅𝒅𝒕𝒕 

EXAMPLE Use the Fundamental Theorem to find 𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑 for the following. 

 
Fundamental Theorem of Calculus (FTC) Part 1 

◆ Recall: 𝐹𝐹(𝑥𝑥) is an antiderivative of 𝑓𝑓(𝑥𝑥). 

● Fundamental Theorem of Calculus Part 1 connects derivatives to definite integrals. 

 

 

 

 

 

 

 

 

◆ If upper bound is a fcn of 𝑥𝑥, use FTC w/ _______ rule to find the derivative. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The Fundamental Theorem of Calculus Part 1: 
 
If 𝑓𝑓(𝑥𝑥) is continuous on [𝑎𝑎, 𝑏𝑏], and 𝐹𝐹(𝑥𝑥) =                , then: 
 
 

(𝑨𝑨) (𝑩𝑩) 
𝑦𝑦 =    ∫(𝑡𝑡3 − 3𝑡𝑡2 + 4)

𝑑𝑑

1

𝑑𝑑𝑡𝑡 𝑦𝑦 =    ∫ 2
1 + 𝑡𝑡

𝑑𝑑2

5

𝑑𝑑𝑡𝑡 

∫ 𝑓𝑓(𝑡𝑡)
𝑑𝑑

𝑎𝑎

𝑑𝑑𝑡𝑡 

𝐹𝐹′(𝑥𝑥) =            
       ∫ 𝑓𝑓(𝑡𝑡)

𝑑𝑑

𝑎𝑎

𝑑𝑑𝑡𝑡 = ________ 

𝑑𝑑
𝑑𝑑𝑥𝑥 ∫ 𝑓𝑓(𝑡𝑡)

𝑔𝑔(𝑑𝑑)

𝑎𝑎

𝑑𝑑𝑡𝑡 = 𝑓𝑓൫𝑔𝑔(𝑥𝑥)൯ ⋅ 𝑔𝑔′(𝑥𝑥) 

New 

 

𝒚𝒚 

𝑎𝑎 𝑥𝑥 𝑏𝑏 

𝒇𝒇(𝒕𝒕) 

𝑨𝑨 = 𝑭𝑭(𝒙𝒙) = ∫ 𝒇𝒇(𝒕𝒕)
𝒙𝒙

𝒂𝒂

𝒅𝒅𝒕𝒕 

If         is continuous on         , and                            , then:

EXAMPLE Given the function 𝑓𝑓ሺ𝑥𝑥ሻ = 3𝑥𝑥2 + 1  answer the following.     

 
Finding Global Extrema (Extreme Value Theorem) 

◆ The Extreme Value Theorem tells us how to determine if a function has a global maximum and minimum.  

● If a function does have global extrema, find those values by testing the  __________ & _____ points. 

 
 
 
 

  

 
 
 
 
 
 
 
 
 
 
 
  
 

BIZ REG 

Extreme Value Theorem: 

   If 𝑓𝑓 is _____________ on a ________ interval [𝑎𝑎, 𝑏𝑏], then 𝑓𝑓 has a  

   _________ maximum & minimum value within that interval. 

1) Find critical points: 

 

2) Plug critical pts (if in _________) &        

    endpts into _____ 

3) Of values found in (2): 
     

HOW TO: Find Global Extrema on a 
Closed Interval 

ሺ𝑨𝑨ሻ  Does 𝑓𝑓ሺ𝑥𝑥ሻ have a global max & min within the interval [−2, 4]?   

ሺ𝑩𝑩ሻ If yes, find the global extrema of 𝑓𝑓ሺ𝑥𝑥ሻ on the interval [−2, 4].     

𝑓𝑓’ሺ𝑥𝑥ሻ = 0 or  𝑓𝑓′ሺ𝑥𝑥ሻ DNE 

Largest    = global ______ 

Smallest  = global ______ 

 

(Topic 6 for BIZ) 

𝑎𝑎 𝑏𝑏 

EXAMPLE Use the Fundamental Theorem to find 𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑 for the following. 

 
Fundamental Theorem of Calculus (FTC) Part 1 

◆ Recall: 𝐹𝐹(𝑥𝑥) is an antiderivative of 𝑓𝑓(𝑥𝑥). 

● Fundamental Theorem of Calculus Part 1 connects derivatives to definite integrals. 

 

 

 

 

 

 

 

 

◆ If upper bound is a fcn of 𝑥𝑥, use FTC w/ _______ rule to find the derivative. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The Fundamental Theorem of Calculus Part 1: 
 
If 𝑓𝑓(𝑥𝑥) is continuous on [𝑎𝑎, 𝑏𝑏], and 𝐹𝐹(𝑥𝑥) =                , then: 
 
 

(𝑨𝑨) (𝑩𝑩) 
𝑦𝑦 =    ∫(𝑡𝑡3 − 3𝑡𝑡2 + 4)

𝑑𝑑

1

𝑑𝑑𝑡𝑡 𝑦𝑦 =    ∫ 2
1 + 𝑡𝑡

𝑑𝑑2

5

𝑑𝑑𝑡𝑡 

∫ 𝑓𝑓(𝑡𝑡)
𝑑𝑑

𝑎𝑎

𝑑𝑑𝑡𝑡 

𝐹𝐹′(𝑥𝑥) =            
       ∫ 𝑓𝑓(𝑡𝑡)

𝑑𝑑

𝑎𝑎

𝑑𝑑𝑡𝑡 = ________ 

𝑑𝑑
𝑑𝑑𝑥𝑥 ∫ 𝑓𝑓(𝑡𝑡)

𝑔𝑔(𝑑𝑑)

𝑎𝑎

𝑑𝑑𝑡𝑡 = 𝑓𝑓൫𝑔𝑔(𝑥𝑥)൯ ⋅ 𝑔𝑔′(𝑥𝑥) 

New 

 

𝒚𝒚 

𝑎𝑎 𝑥𝑥 𝑏𝑏 

𝒇𝒇(𝒕𝒕) 

𝑨𝑨 = 𝑭𝑭(𝒙𝒙) = ∫ 𝒇𝒇(𝒕𝒕)
𝒙𝒙

𝒂𝒂

𝒅𝒅𝒕𝒕 

EXAMPLE Use the Fundamental Theorem to find 𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑 for the following. 

 
Fundamental Theorem of Calculus (FTC) Part 1 

◆ Recall: 𝐹𝐹(𝑥𝑥) is an antiderivative of 𝑓𝑓(𝑥𝑥). 

● Fundamental Theorem of Calculus Part 1 connects derivatives to definite integrals. 

 

 

 

 

 

 

 

 

◆ If upper bound is a fcn of 𝑥𝑥, use FTC w/ _______ rule to find the derivative. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The Fundamental Theorem of Calculus Part 1: 
 
If 𝑓𝑓(𝑥𝑥) is continuous on [𝑎𝑎, 𝑏𝑏], and 𝐹𝐹(𝑥𝑥) =                , then: 
 
 

(𝑨𝑨) (𝑩𝑩) 
𝑦𝑦 =    ∫(𝑡𝑡3 − 3𝑡𝑡2 + 4)

𝑑𝑑

1

𝑑𝑑𝑡𝑡 𝑦𝑦 =    ∫ 2
1 + 𝑡𝑡

𝑑𝑑2

5

𝑑𝑑𝑡𝑡 

∫ 𝑓𝑓(𝑡𝑡)
𝑑𝑑

𝑎𝑎

𝑑𝑑𝑡𝑡 

𝐹𝐹′(𝑥𝑥) =            
       ∫ 𝑓𝑓(𝑡𝑡)

𝑑𝑑

𝑎𝑎

𝑑𝑑𝑡𝑡 = ________ 

𝑑𝑑
𝑑𝑑𝑥𝑥 ∫ 𝑓𝑓(𝑡𝑡)

𝑔𝑔(𝑑𝑑)

𝑎𝑎

𝑑𝑑𝑡𝑡 = 𝑓𝑓൫𝑔𝑔(𝑥𝑥)൯ ⋅ 𝑔𝑔′(𝑥𝑥) 

New 

 

𝒚𝒚 

𝑎𝑎 𝑥𝑥 𝑏𝑏 

𝒇𝒇(𝒕𝒕) 

𝑨𝑨 = 𝑭𝑭(𝒙𝒙) = ∫ 𝒇𝒇(𝒕𝒕)
𝒙𝒙

𝒂𝒂

𝒅𝒅𝒕𝒕 

EXAMPLE Use the Fundamental Theorem to find 𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑 for the following. 

 
Fundamental Theorem of Calculus (FTC) Part 1 

◆ Recall: 𝐹𝐹(𝑥𝑥) is an antiderivative of 𝑓𝑓(𝑥𝑥). 

● Fundamental Theorem of Calculus Part 1 connects derivatives to definite integrals. 

 

 

 

 

 

 

 

 

◆ If upper bound is a fcn of 𝑥𝑥, use FTC w/ _______ rule to find the derivative. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The Fundamental Theorem of Calculus Part 1: 
 
If 𝑓𝑓(𝑥𝑥) is continuous on [𝑎𝑎, 𝑏𝑏], and 𝐹𝐹(𝑥𝑥) =                , then: 
 
 

(𝑨𝑨) (𝑩𝑩) 
𝑦𝑦 =    ∫(𝑡𝑡3 − 3𝑡𝑡2 + 4)

𝑑𝑑

1

𝑑𝑑𝑡𝑡 𝑦𝑦 =    ∫ 2
1 + 𝑡𝑡

𝑑𝑑2

5

𝑑𝑑𝑡𝑡 

∫ 𝑓𝑓(𝑡𝑡)
𝑑𝑑

𝑎𝑎

𝑑𝑑𝑡𝑡 

𝐹𝐹′(𝑥𝑥) =            
       ∫ 𝑓𝑓(𝑡𝑡)

𝑑𝑑

𝑎𝑎

𝑑𝑑𝑡𝑡 = ________ 

𝑑𝑑
𝑑𝑑𝑥𝑥 ∫ 𝑓𝑓(𝑡𝑡)

𝑔𝑔(𝑑𝑑)

𝑎𝑎

𝑑𝑑𝑡𝑡 = 𝑓𝑓൫𝑔𝑔(𝑥𝑥)൯ ⋅ 𝑔𝑔′(𝑥𝑥) 

New 

 

𝒚𝒚 

𝑎𝑎 𝑥𝑥 𝑏𝑏 

𝒇𝒇(𝒕𝒕) 

𝑨𝑨 = 𝑭𝑭(𝒙𝒙) = ∫ 𝒇𝒇(𝒕𝒕)
𝒙𝒙

𝒂𝒂

𝒅𝒅𝒕𝒕 

EXAMPLE Use the Fundamental Theorem to find 𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑 for the following. 

 
Fundamental Theorem of Calculus (FTC) Part 1 

◆ Recall: 𝐹𝐹(𝑥𝑥) is an antiderivative of 𝑓𝑓(𝑥𝑥). 

● Fundamental Theorem of Calculus Part 1 connects derivatives to definite integrals. 

 

 

 

 

 

 

 

 

◆ If upper bound is a fcn of 𝑥𝑥, use FTC w/ _______ rule to find the derivative. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The Fundamental Theorem of Calculus Part 1: 
 
If 𝑓𝑓(𝑥𝑥) is continuous on [𝑎𝑎, 𝑏𝑏], and 𝐹𝐹(𝑥𝑥) =                , then: 
 
 

(𝑨𝑨) (𝑩𝑩) 
𝑦𝑦 =    ∫(𝑡𝑡3 − 3𝑡𝑡2 + 4)

𝑑𝑑

1

𝑑𝑑𝑡𝑡 𝑦𝑦 =    ∫ 2
1 + 𝑡𝑡

𝑑𝑑2

5

𝑑𝑑𝑡𝑡 

∫ 𝑓𝑓(𝑡𝑡)
𝑑𝑑

𝑎𝑎

𝑑𝑑𝑡𝑡 

𝐹𝐹′(𝑥𝑥) =            
       ∫ 𝑓𝑓(𝑡𝑡)

𝑑𝑑

𝑎𝑎

𝑑𝑑𝑡𝑡 = ________ 

𝑑𝑑
𝑑𝑑𝑥𝑥 ∫ 𝑓𝑓(𝑡𝑡)

𝑔𝑔(𝑑𝑑)

𝑎𝑎

𝑑𝑑𝑡𝑡 = 𝑓𝑓൫𝑔𝑔(𝑥𝑥)൯ ⋅ 𝑔𝑔′(𝑥𝑥) 

New 

 

𝒚𝒚 

𝑎𝑎 𝑥𝑥 𝑏𝑏 

𝒇𝒇(𝒕𝒕) 

𝑨𝑨 = 𝑭𝑭(𝒙𝒙) = ∫ 𝒇𝒇(𝒕𝒕)
𝒙𝒙

𝒂𝒂

𝒅𝒅𝒕𝒕 

EXAMPLE Use the Fundamental Theorem to find 𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑 for the following. 

 
Fundamental Theorem of Calculus (FTC) Part 1 

◆ Recall: 𝐹𝐹(𝑥𝑥) is an antiderivative of 𝑓𝑓(𝑥𝑥). 

● Fundamental Theorem of Calculus Part 1 connects derivatives to definite integrals. 

 

 

 

 

 

 

 

 

◆ If upper bound is a fcn of 𝑥𝑥, use FTC w/ _______ rule to find the derivative. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The Fundamental Theorem of Calculus Part 1: 
 
If 𝑓𝑓(𝑥𝑥) is continuous on [𝑎𝑎, 𝑏𝑏], and 𝐹𝐹(𝑥𝑥) =                , then: 
 
 

(𝑨𝑨) (𝑩𝑩) 
𝑦𝑦 =    ∫(𝑡𝑡3 − 3𝑡𝑡2 + 4)

𝑑𝑑

1

𝑑𝑑𝑡𝑡 𝑦𝑦 =    ∫ 2
1 + 𝑡𝑡

𝑑𝑑2

5

𝑑𝑑𝑡𝑡 

∫ 𝑓𝑓(𝑡𝑡)
𝑑𝑑

𝑎𝑎

𝑑𝑑𝑡𝑡 

𝐹𝐹′(𝑥𝑥) =            
       ∫ 𝑓𝑓(𝑡𝑡)

𝑑𝑑

𝑎𝑎

𝑑𝑑𝑡𝑡 = ________ 

𝑑𝑑
𝑑𝑑𝑥𝑥 ∫ 𝑓𝑓(𝑡𝑡)

𝑔𝑔(𝑑𝑑)

𝑎𝑎

𝑑𝑑𝑡𝑡 = 𝑓𝑓൫𝑔𝑔(𝑥𝑥)൯ ⋅ 𝑔𝑔′(𝑥𝑥) 

New 

 

𝒚𝒚 

𝑎𝑎 𝑥𝑥 𝑏𝑏 

𝒇𝒇(𝒕𝒕) 

𝑨𝑨 = 𝑭𝑭(𝒙𝒙) = ∫ 𝒇𝒇(𝒕𝒕)
𝒙𝒙

𝒂𝒂

𝒅𝒅𝒕𝒕 

◆ If upper bound is a fcn of   , use FTC w/ _________ rule to find the derivative.

EXAMPLE Use the Fundamental Theorem to find 𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑 for the following. 

 
Fundamental Theorem of Calculus (FTC) Part 1 

◆ Recall: 𝐹𝐹(𝑥𝑥) is an antiderivative of 𝑓𝑓(𝑥𝑥). 

● Fundamental Theorem of Calculus Part 1 connects derivatives to definite integrals. 

 

 

 

 

 

 

 

 

◆ If upper bound is a fcn of 𝑥𝑥, use FTC w/ _______ rule to find the derivative. 
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TOPIC: THE FUNDAMENTAL THEOREM OF CALCULUS
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       PRACTICE Given the definite integral 𝐹𝐹(𝑥𝑥) = ∫ [𝑡𝑡8 − sin(𝑡𝑡4)]𝑑𝑑𝑡𝑡𝑥𝑥
3 , find the derivative 𝐹𝐹′(𝑥𝑥). 

 

       PRACTICE Given the definite integral 𝐹𝐹(𝑥𝑥) = ∫ (ℎ4 + 63ℎ
√ℎ5) 𝑑𝑑ℎ 20𝑥𝑥

12 , find the derivative 𝐹𝐹′(𝑥𝑥). 
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𝐹𝐹(𝑥𝑥) = ∫ (𝑡𝑡4 − 30𝑡𝑡3 + 1
3 𝑡𝑡2 + 30𝑡𝑡 − 1000) 𝑑𝑑𝑡𝑡 

𝑥𝑥

0
 

(𝑨𝑨) 

𝐹𝐹(𝑥𝑥) = ∫
(ℎ8)

ξℎ − sin (ℎ)
𝑑𝑑ℎ 

𝑥𝑥2−13𝑥𝑥

0
 

(𝑩𝑩) 
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TOPIC: THE FUNDAMENTAL THEOREM OF CALCULUS
Fundamental Theorem of Calculus (FTC) Part 2

EXAMPLE Evaluate the following integrals.
EXAMPLE Find the derivative of the following functions. 

  
Derivatives of General Exponential Functions  

◆ We can use limits to find a derivative rule that works for all exponential functions 𝑏𝑏𝑥𝑥. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

    Derivative of 𝒃𝒃𝒙𝒙 New 
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ሺ𝑨𝑨ሻ      𝑓𝑓ሺ𝑥𝑥ሻ = 6𝑥𝑥 ሺ𝑩𝑩ሻ     𝑔𝑔ሺ𝑥𝑥ሻ = 3𝑥𝑥2+4𝑥𝑥 

𝑑𝑑
𝑑𝑑𝑥𝑥 ሺ𝒃𝒃𝒙𝒙ሻ = ____ ⋅ _________

𝑑𝑑
𝑑𝑑𝑥𝑥 ሺ𝑏𝑏𝑥𝑥ሻ = lim

ℎ→0

𝑏𝑏𝑥𝑥+ℎ − 𝑏𝑏𝑥𝑥

ℎ  

= lim
ℎ→0

                        
   

=          ⋅ lim
ℎ→0

                   
     

𝑏𝑏 ______
𝑏𝑏 ______ 

ln 𝑏𝑏 = lim
ℎ→0

𝑏𝑏ℎ − 1
ℎ    

Limit Definition of ln at h=0 

 𝑓𝑓′ሺ𝑥𝑥ሻ = lim
ℎ→0

𝑓𝑓ሺ𝑥𝑥 + ℎሻ − 𝑓𝑓ሺ𝑥𝑥ሻ
ℎ  

Recall 

Limit Definition of a Derivative 

EXAMPLE Find the derivative of the following functions. 

  
Derivatives of General Exponential Functions  

◆ We can use limits to find a derivative rule that works for all exponential functions 𝑏𝑏𝑥𝑥. 
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Limit Definition of a Derivative 

◆ Recall: The Fundamental Theorem Part 1 gives a relationship between definite integrals and antiderivatives.

 FTC Part 2 allows us to evaluate a definite integral using the antiderivative at the upper and lower bounds.▶ 

The Fundamental Theorem of Calculus Part 2

If         is continuous on         , and         is any antiderivative of          on         , then:

EXAMPLE Given the function 𝑓𝑓ሺ𝑥𝑥ሻ = 3𝑥𝑥2 + 1  answer the following.     

 
Finding Global Extrema (Extreme Value Theorem) 

◆ The Extreme Value Theorem tells us how to determine if a function has a global maximum and minimum.  

● If a function does have global extrema, find those values by testing the  __________ & _____ points. 

 
 
 
 

  

 
 
 
 
 
 
 
 
 
 
 
  
 

BIZ REG 

Extreme Value Theorem: 

   If 𝑓𝑓 is _____________ on a ________ interval [𝑎𝑎, 𝑏𝑏], then 𝑓𝑓 has a  

   _________ maximum & minimum value within that interval. 

1) Find critical points: 

 

2) Plug critical pts (if in _________) &        

    endpts into _____ 

3) Of values found in (2): 
     

HOW TO: Find Global Extrema on a 
Closed Interval 

ሺ𝑨𝑨ሻ  Does 𝑓𝑓ሺ𝑥𝑥ሻ have a global max & min within the interval [−2, 4]?   

ሺ𝑩𝑩ሻ If yes, find the global extrema of 𝑓𝑓ሺ𝑥𝑥ሻ on the interval [−2, 4].     

𝑓𝑓’ሺ𝑥𝑥ሻ = 0 or  𝑓𝑓′ሺ𝑥𝑥ሻ DNE 

Largest    = global ______ 

Smallest  = global ______ 

 

(Topic 6 for BIZ) 

𝑎𝑎 𝑏𝑏 

EXAMPLE Use the Fundamental Theorem to find 𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑 for the following. 

 
Fundamental Theorem of Calculus (FTC) Part 1 

◆ Recall: 𝐹𝐹(𝑥𝑥) is an antiderivative of 𝑓𝑓(𝑥𝑥). 

● Fundamental Theorem of Calculus Part 1 connects derivatives to definite integrals. 

 

 

 

 

 

 

 

 

◆ If upper bound is a fcn of 𝑥𝑥, use FTC w/ _______ rule to find the derivative. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The Fundamental Theorem of Calculus Part 1: 
 
If 𝑓𝑓(𝑥𝑥) is continuous on [𝑎𝑎, 𝑏𝑏], and 𝐹𝐹(𝑥𝑥) =                , then: 
 
 

(𝑨𝑨) (𝑩𝑩) 
𝑦𝑦 =    ∫(𝑡𝑡3 − 3𝑡𝑡2 + 4)

𝑑𝑑

1

𝑑𝑑𝑡𝑡 𝑦𝑦 =    ∫ 2
1 + 𝑡𝑡

𝑑𝑑2

5

𝑑𝑑𝑡𝑡 

∫ 𝑓𝑓(𝑡𝑡)
𝑑𝑑

𝑎𝑎

𝑑𝑑𝑡𝑡 

𝐹𝐹′(𝑥𝑥) =            
       ∫ 𝑓𝑓(𝑡𝑡)

𝑑𝑑

𝑎𝑎

𝑑𝑑𝑡𝑡 = ________ 

𝑑𝑑
𝑑𝑑𝑥𝑥 ∫ 𝑓𝑓(𝑡𝑡)

𝑔𝑔(𝑑𝑑)

𝑎𝑎

𝑑𝑑𝑡𝑡 = 𝑓𝑓൫𝑔𝑔(𝑥𝑥)൯ ⋅ 𝑔𝑔′(𝑥𝑥) 

New 

 

𝒚𝒚 

𝑎𝑎 𝑥𝑥 𝑏𝑏 

𝒇𝒇(𝒕𝒕) 

𝑨𝑨 = 𝑭𝑭(𝒙𝒙) = ∫ 𝒇𝒇(𝒕𝒕)
𝒙𝒙

𝒂𝒂

𝒅𝒅𝒕𝒕 

EXAMPLE Use the Fundamental Theorem to find 𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑 for the following. 

 
Fundamental Theorem of Calculus (FTC) Part 1 

◆ Recall: 𝐹𝐹(𝑥𝑥) is an antiderivative of 𝑓𝑓(𝑥𝑥). 

● Fundamental Theorem of Calculus Part 1 connects derivatives to definite integrals. 

 

 

 

 

 

 

 

 

◆ If upper bound is a fcn of 𝑥𝑥, use FTC w/ _______ rule to find the derivative. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The Fundamental Theorem of Calculus Part 1: 
 
If 𝑓𝑓(𝑥𝑥) is continuous on [𝑎𝑎, 𝑏𝑏], and 𝐹𝐹(𝑥𝑥) =                , then: 
 
 

(𝑨𝑨) (𝑩𝑩) 
𝑦𝑦 =    ∫(𝑡𝑡3 − 3𝑡𝑡2 + 4)

𝑑𝑑

1

𝑑𝑑𝑡𝑡 𝑦𝑦 =    ∫ 2
1 + 𝑡𝑡

𝑑𝑑2

5

𝑑𝑑𝑡𝑡 

∫ 𝑓𝑓(𝑡𝑡)
𝑑𝑑

𝑎𝑎

𝑑𝑑𝑡𝑡 

𝐹𝐹′(𝑥𝑥) =            
       ∫ 𝑓𝑓(𝑡𝑡)

𝑑𝑑

𝑎𝑎

𝑑𝑑𝑡𝑡 = ________ 

𝑑𝑑
𝑑𝑑𝑥𝑥 ∫ 𝑓𝑓(𝑡𝑡)

𝑔𝑔(𝑑𝑑)

𝑎𝑎

𝑑𝑑𝑡𝑡 = 𝑓𝑓൫𝑔𝑔(𝑥𝑥)൯ ⋅ 𝑔𝑔′(𝑥𝑥) 

New 

 

𝒚𝒚 

𝑎𝑎 𝑥𝑥 𝑏𝑏 

𝒇𝒇(𝒕𝒕) 

𝑨𝑨 = 𝑭𝑭(𝒙𝒙) = ∫ 𝒇𝒇(𝒕𝒕)
𝒙𝒙

𝒂𝒂

𝒅𝒅𝒕𝒕 

EXAMPLE Use the Fundamental Theorem to find 𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑 for the following. 

 
Fundamental Theorem of Calculus (FTC) Part 1 

◆ Recall: 𝐹𝐹(𝑥𝑥) is an antiderivative of 𝑓𝑓(𝑥𝑥). 

● Fundamental Theorem of Calculus Part 1 connects derivatives to definite integrals. 

 

 

 

 

 

 

 

 

◆ If upper bound is a fcn of 𝑥𝑥, use FTC w/ _______ rule to find the derivative. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The Fundamental Theorem of Calculus Part 1: 
 
If 𝑓𝑓(𝑥𝑥) is continuous on [𝑎𝑎, 𝑏𝑏], and 𝐹𝐹(𝑥𝑥) =                , then: 
 
 

(𝑨𝑨) (𝑩𝑩) 
𝑦𝑦 =    ∫(𝑡𝑡3 − 3𝑡𝑡2 + 4)

𝑑𝑑

1

𝑑𝑑𝑡𝑡 𝑦𝑦 =    ∫ 2
1 + 𝑡𝑡

𝑑𝑑2

5

𝑑𝑑𝑡𝑡 

∫ 𝑓𝑓(𝑡𝑡)
𝑑𝑑

𝑎𝑎

𝑑𝑑𝑡𝑡 

𝐹𝐹′(𝑥𝑥) =            
       ∫ 𝑓𝑓(𝑡𝑡)

𝑑𝑑

𝑎𝑎

𝑑𝑑𝑡𝑡 = ________ 

𝑑𝑑
𝑑𝑑𝑥𝑥 ∫ 𝑓𝑓(𝑡𝑡)

𝑔𝑔(𝑑𝑑)

𝑎𝑎

𝑑𝑑𝑡𝑡 = 𝑓𝑓൫𝑔𝑔(𝑥𝑥)൯ ⋅ 𝑔𝑔′(𝑥𝑥) 

New 

 

𝒚𝒚 

𝑎𝑎 𝑥𝑥 𝑏𝑏 

𝒇𝒇(𝒕𝒕) 

𝑨𝑨 = 𝑭𝑭(𝒙𝒙) = ∫ 𝒇𝒇(𝒕𝒕)
𝒙𝒙

𝒂𝒂

𝒅𝒅𝒕𝒕 

EXAMPLE Given the function 𝑓𝑓ሺ𝑥𝑥ሻ = 3𝑥𝑥2 + 1  answer the following.     

 
Finding Global Extrema (Extreme Value Theorem) 

◆ The Extreme Value Theorem tells us how to determine if a function has a global maximum and minimum.  

● If a function does have global extrema, find those values by testing the  __________ & _____ points. 
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Extreme Value Theorem: 

   If 𝑓𝑓 is _____________ on a ________ interval [𝑎𝑎, 𝑏𝑏], then 𝑓𝑓 has a  

   _________ maximum & minimum value within that interval. 

1) Find critical points: 

 

2) Plug critical pts (if in _________) &        

    endpts into _____ 

3) Of values found in (2): 
     

HOW TO: Find Global Extrema on a 
Closed Interval 

ሺ𝑨𝑨ሻ  Does 𝑓𝑓ሺ𝑥𝑥ሻ have a global max & min within the interval [−2, 4]?   

ሺ𝑩𝑩ሻ If yes, find the global extrema of 𝑓𝑓ሺ𝑥𝑥ሻ on the interval [−2, 4].     

𝑓𝑓’ሺ𝑥𝑥ሻ = 0 or  𝑓𝑓′ሺ𝑥𝑥ሻ DNE 

Largest    = global ______ 

Smallest  = global ______ 

 

(Topic 6 for BIZ) 

𝑎𝑎 𝑏𝑏 

EXAMPLE Evaluate the following integrals. 

 
Fundamental Theorem of Calculus (FTC) Part 2 

◆ Recall: The Fundamental Theorem Part 1 gives a relationship between definite integrals and antiderivatives. 

● FTC Part 2 allows us to evaluate a definite integral using the antiderivative at the upper and lower bounds. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The Fundamental Theorem of Calculus Part 2: 
 
If 𝑓𝑓(𝑥𝑥) is continuous on [𝑎𝑎, 𝑏𝑏] and 𝐹𝐹(𝑥𝑥) is any antiderivative of 𝑓𝑓(𝑥𝑥) on [𝑎𝑎, 𝑏𝑏], then: 

 

        

(𝑨𝑨) (𝑩𝑩) 

𝑦𝑦 = ∫ 2𝑥𝑥
5

2

𝑑𝑑𝑥𝑥 𝑦𝑦 = ∫(𝑥𝑥2 − 4𝑥𝑥 + 5)
4

1

𝑑𝑑𝑥𝑥 

∫ 𝑓𝑓(𝑥𝑥)
𝑏𝑏

𝑎𝑎

𝑑𝑑𝑥𝑥 = ________ − ________ 

EXAMPLE Evaluate the following integrals. 

 
Fundamental Theorem of Calculus (FTC) Part 2 

◆ Recall: The Fundamental Theorem Part 1 gives a relationship between definite integrals and antiderivatives. 

● FTC Part 2 allows us to evaluate a definite integral using the antiderivative at the upper and lower bounds. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The Fundamental Theorem of Calculus Part 2: 
 
If 𝑓𝑓(𝑥𝑥) is continuous on [𝑎𝑎, 𝑏𝑏] and 𝐹𝐹(𝑥𝑥) is any antiderivative of 𝑓𝑓(𝑥𝑥) on [𝑎𝑎, 𝑏𝑏], then: 

 

        

(𝑨𝑨) (𝑩𝑩) 

𝑦𝑦 = ∫ 2𝑥𝑥
5

2

𝑑𝑑𝑥𝑥 𝑦𝑦 = ∫(𝑥𝑥2 − 4𝑥𝑥 + 5)
4

1

𝑑𝑑𝑥𝑥 

∫ 𝑓𝑓(𝑥𝑥)
𝑏𝑏

𝑎𝑎

𝑑𝑑𝑥𝑥 = ________ − ________ 

EXAMPLE Evaluate the following integrals. 

 
Fundamental Theorem of Calculus (FTC) Part 2 

◆ Recall: The Fundamental Theorem Part 1 gives a relationship between definite integrals and antiderivatives. 

● FTC Part 2 allows us to evaluate a definite integral using the antiderivative at the upper and lower bounds. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The Fundamental Theorem of Calculus Part 2: 
 
If 𝑓𝑓(𝑥𝑥) is continuous on [𝑎𝑎, 𝑏𝑏] and 𝐹𝐹(𝑥𝑥) is any antiderivative of 𝑓𝑓(𝑥𝑥) on [𝑎𝑎, 𝑏𝑏], then: 

 

        

(𝑨𝑨) (𝑩𝑩) 

𝑦𝑦 = ∫ 2𝑥𝑥
5

2

𝑑𝑑𝑥𝑥 𝑦𝑦 = ∫(𝑥𝑥2 − 4𝑥𝑥 + 5)
4

1

𝑑𝑑𝑥𝑥 

∫ 𝑓𝑓(𝑥𝑥)
𝑏𝑏

𝑎𝑎

𝑑𝑑𝑥𝑥 = ________ − ________ 



PRACTICE Evaluate the following integrals:

TOPIC: THE FUNDAMENTAL THEOREM OF CALCULUS
TOPIC: The Fundamental Theorem of Calculus 
Fundamental Theorem of Calculus (FTC) Part 2 
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       PRACTICE Evaluate the following integral: 

∫ 4𝑑𝑑𝑑𝑑
3

0
 

 

 

       PRACTICE Evaluate the following integral: 

∫ (2𝑑𝑑 + 1)
4

1
𝑑𝑑𝑑𝑑 

 

TOPIC: The Fundamental Theorem of Calculus 
Fundamental Theorem of Calculus (FTC) Part 2 
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       PRACTICE Evaluate the following integral: 

∫ 4𝑑𝑑𝑑𝑑
3

0
 

 

 

       PRACTICE Evaluate the following integral: 

∫ (2𝑑𝑑 + 1)
4

1
𝑑𝑑𝑑𝑑 

 

TOPIC: The Fundamental Theorem of Calculus 
Fundamental Theorem of Calculus (FTC) Part 2 
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       PRACTICE Evaluate the following integral: 

∫ (𝑥𝑥2 − 3𝑥𝑥 + 2)
2

−1
𝑑𝑑𝑥𝑥 

 

       PRACTICE Evaluate the following integral: 

∫ (2𝑥𝑥3 − 𝑥𝑥2 + 4𝑥𝑥)
1

0
𝑑𝑑𝑥𝑥 

 

Relevant Letters 
 
(𝑨𝑨)   (𝑩𝑩)    
 
(𝑪𝑪)   (𝑫𝑫)     
 
(𝑬𝑬)   (𝑭𝑭)  
 
 
Topic 2 Page 9 – 10, 12 – 13 
 
[0,5]  
 
[0,6]  
 
[0,3]  
 
[1,5]  
 
[4,10]  
 
[0, 4]  
 
 
Topic 3 Page 2 
 
[0,10]  
 
 
Topic 5 Page 2, 3, 4 
 
[2,5]  
 
[4,9]  
 
[0,1]  
 
[2, 4]   

Relevant Letters 
 
(𝑨𝑨)   (𝑩𝑩)    
 
(𝑪𝑪)   (𝑫𝑫)     
 
(𝑬𝑬)   (𝑭𝑭)  
 
 
Topic 2 Page 9 – 10, 12 – 13 
 
[0,5]  
 
[0,6]  
 
[0,3]  
 
[1,5]  
 
[4,10]  
 
[0, 4]  
 
 
Topic 3 Page 2 
 
[0,10]  
 
 
Topic 5 Page 2, 3, 4 
 
[2,5]  
 
[4,9]  
 
[0,1]  
 
[2, 4]   

Relevant Letters 
 
(𝑨𝑨)   (𝑩𝑩)    
 
(𝑪𝑪)   (𝑫𝑫)     
 
(𝑬𝑬)   (𝑭𝑭)  
 
 
Topic 2 Page 9 – 10, 12 – 13 
 
[0,5]  
 
[0,6]  
 
[0,3]  
 
[1,5]  
 
[4,10]  
 
[0, 4]  
 
 
Topic 3 Page 2 
 
[0,10]  
 
 
Topic 5 Page 2, 3, 4 
 
[2,5]  
 
[4,9]  
 
[0,1]  
 
[2, 4]   



PRACTICE Evaluate the following integrals:

TOPIC: THE FUNDAMENTAL THEOREM OF CALCULUS

TOPIC: The Fundamental Theorem of Calculus 
Fundamental Theorem of Calculus (FTC) Part 2 
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       PRACTICE Evaluate the following integral: 

∫ (𝑥𝑥2 − 3𝑥𝑥 + 2)
2

−1
𝑑𝑑𝑥𝑥 

 

       PRACTICE Evaluate the following integral: 

∫ (2𝑥𝑥3 − 𝑥𝑥2 + 4𝑥𝑥)
1

0
𝑑𝑑𝑥𝑥 

 

TOPIC: The Fundamental Theorem of Calculus 
Fundamental Theorem of Calculus (FTC) Part 2 
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       PRACTICE Evaluate the following integral: 

∫ 𝑥𝑥
5
2

3

2
𝑑𝑑𝑥𝑥 

 

 

       PRACTICE Evaluate the following integral: 

∫ 5
𝑥𝑥2

2

1
𝑑𝑑𝑥𝑥 

 

TOPIC: The Fundamental Theorem of Calculus 
Fundamental Theorem of Calculus (FTC) Part 2 
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       PRACTICE Evaluate the following integral: 

∫ 𝑥𝑥
5
2

3

2
𝑑𝑑𝑥𝑥 

 

 

       PRACTICE Evaluate the following integral: 

∫ 5
𝑥𝑥2

2

1
𝑑𝑑𝑥𝑥 

 

Relevant Letters 
 
(𝑨𝑨)   (𝑩𝑩)    
 
(𝑪𝑪)   (𝑫𝑫)     
 
(𝑬𝑬)   (𝑭𝑭)  
 
 
Topic 2 Page 9 – 10, 12 – 13 
 
[0,5]  
 
[0,6]  
 
[0,3]  
 
[1,5]  
 
[4,10]  
 
[0, 4]  
 
 
Topic 3 Page 2 
 
[0,10]  
 
 
Topic 5 Page 2, 3, 4 
 
[2,5]  
 
[4,9]  
 
[0,1]  
 
[2, 4]   

Relevant Letters 
 
(𝑨𝑨)   (𝑩𝑩)    
 
(𝑪𝑪)   (𝑫𝑫)     
 
(𝑬𝑬)   (𝑭𝑭)  
 
 
Topic 2 Page 9 – 10, 12 – 13 
 
[0,5]  
 
[0,6]  
 
[0,3]  
 
[1,5]  
 
[4,10]  
 
[0, 4]  
 
 
Topic 3 Page 2 
 
[0,10]  
 
 
Topic 5 Page 2, 3, 4 
 
[2,5]  
 
[4,9]  
 
[0,1]  
 
[2, 4]   

Relevant Letters 
 
(𝑨𝑨)   (𝑩𝑩)    
 
(𝑪𝑪)   (𝑫𝑫)     
 
(𝑬𝑬)   (𝑭𝑭)  
 
 
Topic 2 Page 9 – 10, 12 – 13 
 
[0,5]  
 
[0,6]  
 
[0,3]  
 
[1,5]  
 
[4,10]  
 
[0, 4]  
 
 
Topic 3 Page 2 
 
[0,10]  
 
 
Topic 5 Page 2, 3, 4 
 
[2,5]  
 
[4,9]  
 
[0,1]  
 
[2, 4]   



TOPIC: THE FUNDAMENTAL THEOREM OF CALCULUS

EXAMPLE Evaluate the following definite integrals:

EXAMPLE Find the derivative 𝐹𝐹′(𝑥𝑥) of the following definite integrals: 

TOPIC: The Fundamental Theorem of Calculus 
Fundamental Theorem of Calculus (FTC) Part 1 
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𝐹𝐹(𝑥𝑥) = ∫ (𝑡𝑡4 − 30𝑡𝑡3 + 1
3 𝑡𝑡2 + 30𝑡𝑡 − 1000) 𝑑𝑑𝑡𝑡 

𝑥𝑥

0
 

(𝑨𝑨) 

𝐹𝐹(𝑥𝑥) = ∫
(ℎ8)

ξℎ − sin (ℎ)
𝑑𝑑ℎ 

𝑥𝑥2−13𝑥𝑥

0
 

(𝑩𝑩) 

EXAMPLE Evaluate the following definite integrals: 

TOPIC: The Fundamental Theorem of Calculus 
Fundamental Theorem of Calculus (FTC) Part 2 
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∫ (𝑥𝑥3 + 3𝑥𝑥2 − 6𝑥𝑥 + 2
5

0
)𝑑𝑑𝑥𝑥 

(𝑨𝑨) 

∫ 13
𝑦𝑦3 𝑑𝑑𝑦𝑦 

4

−2
 

(𝑩𝑩) 

∫ ൤3
𝜋𝜋 − cos(𝜃𝜃)൨ 𝑑𝑑𝜃𝜃 

𝜋𝜋
2

0
 

(𝑪𝑪) 

EXAMPLE Find the derivative 𝐹𝐹′(𝑥𝑥) of the following definite integrals: 

TOPIC: The Fundamental Theorem of Calculus 
Fundamental Theorem of Calculus (FTC) Part 1 
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𝐹𝐹(𝑥𝑥) = ∫ (𝑡𝑡4 − 30𝑡𝑡3 + 1
3 𝑡𝑡2 + 30𝑡𝑡 − 1000) 𝑑𝑑𝑡𝑡 

𝑥𝑥

0
 

(𝑨𝑨) 

𝐹𝐹(𝑥𝑥) = ∫
(ℎ8)

ξℎ − sin (ℎ)
𝑑𝑑ℎ 

𝑥𝑥2−13𝑥𝑥

0
 

(𝑩𝑩) 

EXAMPLE Evaluate the following definite integrals: 

TOPIC: The Fundamental Theorem of Calculus 
Fundamental Theorem of Calculus (FTC) Part 2 
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