
 Slope Failure and Calculus 
 Content Area(s)/Course: AP Calculus  Unit: Techniques of Integra�on 
 Lesson Topic: Integra�on by Subs�tu�on and 2  nd 

 FTC 
 Length of Lesson: 2-3 Day 

 Materials for Students: Calculator and wri�ng 
 utensil 

 Materials for Teacher: guided 
 worksheet/notes/presenta�on 

 Standard(s) Addressed: 
 Integra�ng using Subs�tu�on 
 The Fundamental Theorem of Calculus and Definite Integrals 

 Student Outcome(s): 
 I can evaluate a definite integral using Subs�tu�on 
 I can apply the 2  nd  FTC 

 Context for Learning 
 This is a natural ending to a unit on techniques of integra�on that will not have a strong connec�on to the 
 slope failure and rain fall focus that most of the unit did. This lesson however is very important as most 
 integra�on will need to use subs�tu�on to solve. The 2  nd  FTC is a lesser used concept but does help  with 
 strange problems and also builds some founda�on toward learning about the next unit on deriva�ve and 
 integrals of exponen�al and logarithmic func�on. 
 Instruc�onal Delivery 
 Lesson notes: The notes will cover how to perform u-subs�tu�on on indefinite and definite integrals and the 
 2  nd  FTC on basic integrals. Majority of the �me will  be spent with u-subs�tu�on. I expect the notes por�on of 
 the lesson to take about 1 class period and the independent work �me on the worksheet to take about 1 class 
 period. It is very important for students to prac�ce these independently but have the resource of being able to 
 ask you about them. (notes will be a�ached with this lesson plan) 

 Ac�vity: No ac�vity for this lesson 

 Assessment/Evalua�on (Forma�ve/Summa�ve) 
 There will be an informal forma�ve assessment in the form of their worksheet. Gather how they are doing by 
 walking around to each student and observing them work. There will be a formal forma�ve assessment the 
 day a�er this lesson in the form of a mini quiz that will be one u-subs�tu�on ques�ons and one 2  nd  FTC 
 ques�on. (worksheet and mini quiz will be a�ached with this lesson plan) 

 Accommoda�ons: Make sure everyone has a calculator for this worksheet. Reduce the amount of ques�on for 
 those who need it. Walk around and help those students that need more help. Extra �me for students that 
 need it on the mini quiz. 



Lesson 6  Integration by Substitution and 2nd FTC

Objectives: To be able to use pattern recognition to find an 
indefinite integral. To be able to use a change of variables to find an 
indefinite or definite integral. To be able to evaluate a definite 
integral involving even or odd functions. To be able to apply the 2nd

FTC.

Integrating composite functions

Pattern Recognition – performing substitution mentally

Change of Variables – write the substitution steps



We are working with composite functions so that was the chain rule for 
differentiation which is:
𝑑

𝑑𝑥
𝑓 𝑔 𝑥 =

So it would be safe to say

′𝑓׬ 𝑔 𝑥 𝑔′ 𝑥 𝑑𝑥 =



׬ 𝑥2 + 1 2 2𝑥 𝑑𝑥 ׬ 5 cos 5𝑥 𝑑𝑥



Sometimes we will have to multiply or divide by a constant to make it work.

׬ 2𝑥 − 1𝑑𝑥



׬ 𝑥2 + 4𝑥 3 𝑥 + 2 𝑑𝑥



׬ 𝑥 3𝑥 + 1𝑑𝑥



׬ sin2 3𝑥 cos 3𝑥 𝑑𝑥



Definite Integrals by substitution

0׬
1
𝑥 𝑥2 + 1 3𝑑𝑥



1׬
5 𝑥

2𝑥−1
𝑑𝑥



0׬

𝜋

2 cos
2𝑥

3
𝑑𝑥



Second Fundamental Theorem of Calculus

If f is continuous on an open interval I containing a then for every x in the 
interval
𝑑

𝑑𝑥
𝑎׬
𝑥
𝑓 𝑡 𝑑𝑡 = 𝑓(𝑥)

𝑑

𝑑𝑥
4׬
𝑥
5𝑧3𝑑𝑧



𝑑

𝑑𝑥
2׬
𝑥

𝑡2 + 1𝑑𝑡
𝑑

𝑑𝑥
0׬
𝑥2
cos 𝑡 𝑑𝑡



One more challenging example

𝑑

𝑑𝑥
5𝑥׬
𝑥2
cos 𝑡3 𝑑𝑡
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SF and Calc Lesson 6 Mini Quiz Name: ________________ 

Evaluate the definite integral using u-substitution. 

∫6𝑥 sin(𝑥2) 𝑑𝑥  
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