
AB Calculus Fundamental Theorem of Calculus Day 2 Notesheet Name: __________________________ 

To Begin: Answer all parts of the following three questions. 

1. Find the derivative of the following 
 a) 𝑓(𝑥) = 4sin(𝑥3) 

 
 
 

b) 𝑓(𝑥) = ln(√4𝑥 + 2) 

2. Evaluate the following Integrals. 

 a) 
∫ (𝑥4 + 4𝑥 + 6)𝑑𝑥

3

2

 

 
 
 
 
 
 
 
 

b) 
∫ (

1

𝑥
− sin 𝑥)𝑑𝑥

2𝜋

𝜋

 

 

 c) 
∫(

3

√𝑥2
3 +

5

1 + 𝑥2
)𝑑𝑥 

 
 
 
 

d) 
∫(7𝑥 + csc2 𝑥 + 2)𝑑𝑥 

 

3. Given that 𝑓(𝑥) =
1

3
𝑥3 + 𝑥2, find the following: 

 a) Find the x-coordinates of the critical points of f(x). Justify your answer. 
 
 
 
 

 b) Find the x-coordinate of any relative minima or maxima. Justify your answer. 
 
 
 
 

 c) Find the open intervals where the function is increasing and decreasing. Justify each response. 
 
 
 
 
 

 d) Find any points of inflection. Justify your answer. 
 
 
 
 
 

 e) Find the open intervals where the function is concave up and concave down. Justify each response. 
 



Using the evaluation part of the Fundamental Theorem of Calculus we learned last time, we are going to develop 

the concept of the other part of the Fundamental Theorem of Calculus. We are going to determine how to take 

a derivative of a function that is defined as an integral and discuss what it means to define a function as an 

integral. Once we can do both of these things, we can answer all the same types of questions about increasing, 

decreasing, concave up, concave down, and inflection points that we did earlier in the year. 

Ex 3: Find ∫ 𝑔′(𝑡)
𝑥

2
𝑑𝑡 

 
Ex 4: Find 

𝑑

𝑑𝑥
[∫ 𝑔′(𝑡)

𝑥

2
𝑑𝑡] 

 
 
 
 
 
 
 

The Second Fundamental Theorem of Calculus 
If f is continuous on an open interval containing a, then, for every x in the interval, 
 

𝑑

𝑑𝑥
[∫ 𝑓(𝑡)

𝑥

𝑎

𝑑𝑡] = 𝑓(𝑥) 

 

 

Ex 5: If  𝑔(𝑥) = ∫ 𝑓(𝑡)
𝑥

−2
𝑑𝑡, then 𝑔′(𝑥) = 

 

Ex 6: Find 
𝑑

𝑑𝑥
[∫ (5𝑡3 − 4𝑡 + 1)

𝑥

3
𝑑𝑡] 

 
 
 
 
 
 

Ex 7: 
𝑑

𝑑𝑥
[∫ ℎ′(𝑡)

𝑓(𝑥)

𝑔(𝑥)
𝑑𝑡] 

 
 
 
 
 
 
 

The Second Fundamental Theorem of Calculus Extended 
If f is continuous on an open interval containing a, then, for every x in the interval, 
 

𝑑

𝑑𝑥
[∫ 𝑓(𝑡)

𝑔(𝑥)

ℎ(𝑥)

𝑑𝑡] = 𝑓(𝑔(𝑥))𝑔′(𝑥) − 𝑓(ℎ(𝑥))ℎ′(𝑥) 

 

 

Ex 8: Find 
𝑑

𝑑𝑥
[∫ 𝑓(𝑡)

2𝑥

𝑥2
𝑑𝑡] 

 

Ex 9: Let 𝑔(𝑥) = ∫ √1 + 𝑡4
4𝑥2

6𝑥
𝑑𝑡.  Find 𝑔′(𝑥). 

 
 
 
 
 



Now that we have established how to take a derivative of an integral function, let’s look more closely at what it 

means to define a function as an integral. 

Ex 10: Let 𝑔(𝑥) = ∫ 𝑤(𝑡)
𝑥

−2
𝑑𝑡 where the graph of 𝑤(𝑡) is given below. 

a) Find 𝑔(0). 
 
 
 

 

b) Find 𝑔(2). 
 
 
 

c) Find 𝑔(−3). 

 

 

Now put it all together … 

Ex 11: Suppose the function below is the graph of 𝑓(𝑡) and 𝑔(𝑥) = ∫ 𝑓(𝑡)
𝑥

−1
𝑑𝑡. 

a) Complete the table. 
 

x -3 -2 -1 0 1 2 3 

g(x)        

 

 

b) What are the intervals on which g is increasing or decreasing? 
Justify each response. 

 
 
 
 
 
c) What are the intervals on which g is concave up or concave down? Justify each response. 
 
 
 
 
 
 
d) For what value of x does g have a relative minimum or maximum? Justify your response. 
 
 
 
 
 
 



e) For what value of x does g have an inflection point? Justify your response. 
 
 
 
 
 
 
f) Graph g(x). 

 

 
 


