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Short Description 

This course is concerned with a generalization of the Riemann integral (of bounded 

real functions over bounded intervals) to Lebesgue integral of measurable functions 

over measurable sets of R. The course starts with the concept of outer measure and its 

properties then proceed to define the Lebesgue measure on certain sets of R that will 

be called measurable sets. The later will be studied along with its properties. 

Measurable functions over measurable sets will also be defined and studied. The 

Lebesgue integral of measurable functions over measurable sets will be defined along 

with some properties. Its relation with Riemann integral is given and certain related 

theorems will be proved. The course ends with a chapter on the spaces of measurable 

and Lebesgue integrable functions, in which some inequalities are studied that will be 

used to prove the completeness of these spaces. 

Course Objectives 

- This course will investigate many roles that are very important for students. 

- Also give an idea for real analysis and some prosperities of measure theory. 

- This course will present and emphasize many topics in mathematics in particular  

real analysis, in order to aid the student in his future mathematical studies.  

 

 

 



Learning Outcomes 

A. Knowledge - Theoretical Understanding 

a1) Upon successful completion of this course, the learner should be able to make a 

good background on basic real analysis and topology. 

B. Knowledge - Practical Application 

a2) The learner should be able to learn the concept and properties of measure and 

give some examples starting with outer measure then the Lebesgue measure. 

a3) The learner should be able to study measurable sets and measurable functions 

and their properties, and understand Lebesgue integral and its relation with Riemann 

integral, and study spaces of measurable Lebesgue integrable functions, and prove 

some related results and theorems. 

C. Skills - Generic Problem Solving and Analytical Skills 

b1) Prove a selection of related theorems. 

D. Skills - Communication, ICT, and Numeracy 

b2) Describe different examples. 

E. Competence: Autonomy, Responsibility, and Context 

 

Teaching and Learning Methods 

Lectures, discussions, and solving selected problems. 

Assessment Methods 

Assignments, Exams, Quizzes, Discussion and Interaction 

 

Course Contents 

W Hours CLOs Topics 
Teaching & 

Learning Methods 

Assessment 

Methods 

1 
3:00-6:00 a1,a2 

Review  

Topological concepts and 

Riemann-Stieltjes Integrals 

Lectures, 

Cooperative 

Learning and 

Discussion 

Assignments, 

Exams, Quizzes, 

Discussion and 

Interaction 

2 

3:00-6:00 

a1, a2, 

a3, b1, 

b2 

Measure Theory:  

Classes of sunsets: Semi-ring, 

ring, Sigma-ring, Algebra, 

Sigma algebra, Monotone 

Class of sets: definitions and 

examples.  

  

Lectures, 

Cooperative 

Learning and 

Discussion 

Assignments, 

Exams, Quizzes, 

Discussion and 

Interaction 



3 

3:00-6:00 

a2, a3, 

b1, b2 

1. Generated classes of  

sets 

2. Set Functions: finitely additive, 

countably additive, Measure, 

subadditive 

Lectures, 

Cooperative 

Learning and 

Discussion 

Assignments, 

Exams, Quizzes, 

Discussion and 

Interaction 

4 

3:00-6:00 

a2, b1, 

b2 

5. Lebesgue outer measure and 

some consequences.  

6. Measurable sets. 

Lectures, 

Cooperative 

Learning and 

Discussion 

Assignments, 

Exams, Quizzes, 

Discussion and 

Interaction 

5 

3:00-6:00 

a1, a2, 

b1 

7. Lebesgue Measure, 

properties, existence of non 

measurable sets. 

 8. Cantor set and cantor 

function 

Lectures, 

Cooperative 

Learning and 

Discussion 

Assignments, 

Exams, Quizzes, 

Discussion and 

Interaction 

6 

3:00-6:00 

a1,a2 

9. Lebesgue measure on Rn 

(Length, area and volume).  

Measurable functions: 

 1. The definition 

ofmeasurable functions. 

Lectures, 

Cooperative 

Learning and 

Discussion 

Assignments, 

Exams, Quizzes, 

Discussion and 

Interaction 

7 

3:00-6:00 

a1, a2, 

a3, b1, 

b2 

2. Limits of measurable 

functions. 3. Egoroff's theorem 

(almost uniform convergence). 

Lectures, 

Cooperative 

Learning and 

Discussion 

Assignments, 

Exams, Quizzes, 

Discussion and 

Interaction 

8 

3:00-6:00 

a2, a3, 

b1, b2 

The integral: 1. 

Riemann integral.  

2. Lebesgue integration 

of bounded functions. 

Simple Functions.  
 

Lectures, 

Cooperative 

Learning and 

Discussion 

Assignments, 

Exams, Quizzes, 

Discussion and 

Interaction 

9 

3:00-6:00 

a2, b1, 

b2 

3. Lebesgue integral of 

non-negative functions.  

4. The general Lebesgue 

integral. 

Lectures, 

Cooperative 

Learning and 

Discussion 

Assignments, 

Exams, Quizzes, 

Discussion and 

Interaction 

10 

3:00-6:00 

a1, a2, 

b1 

5. Fatou's and Monotone 

Convergence  

Theorems.  

6. Lebesgue Dominated 

convergence 

theorem 
 

Lectures, 

Cooperative 

Learning and 

Discussion 

Assignments, 

Exams, Quizzes, 

Discussion and 

Interaction 



11,12 

3:00-6:00 

a1,a2 

Functions of bounded 

variation:  

1. The definition of Functions 

of bounded variation.  

2.Fundamental theorem of 

Lebesgue integral. 
 

Lectures, 

Cooperative 

Learning and 

Discussion 

Assignments, 

Exams, Quizzes, 

Discussion and 

Interaction 

13 

3:00-6:00 

a1, a2, 

a3, b1, 

b2 

3. absolute continuity. Lectures, 

Cooperative 

Learning and 

Discussion 

Assignments, 

Exams, Quizzes, 

Discussion and 

Interaction 

 

Infrastructure 

Textbook 

 

INTRODUCTION TO MEASURE AND INTEGRATION, by S.J. 

Taylor; 2nd Ed. CAMBRIDGE UNIVERSITY PRESS, London, 1966. 

 

References 

1. A Garden of Integrals, by Frank E. Burk, AAM, 

Washington, 2007. 

 

2. Lebesgue Measure and Integration An Introduction, by 

Frank Burk, John Wiley & Sons, Inc, Toronto, 1998. 

     

Required reading  

Electronic materials  

Other  

 

 

Course Assessment Plan 

Assessment Method Grade 
CLOs 

a1 a2 a3 b1 b2 

First (Midterm) 30% 6 6 6 6 6 

Second (if applicable)       

Final Exam  50% 10 10 10 10 10 

Coursework     

C
o
u

rs
ew

o
rk

 a
ss

es
sm

en
t 

m
et

h
o
d

s 

Assignments 10% 5  5   

Case study -      

Discussion and interaction -      

Group work activities -      

Lab tests and assignments -      

Presentations -      

Quizzes -  5 5   



Total 100% 20 25 30 25  

 

Plagiarism 

Plagiarism is claiming that someone else's work is your own. The department has a strict policy regarding plagiarism 

and, if plagiarism is indeed discovered, this policy will be applied. Note that punishments apply also to anyone assisting 

another to commit plagiarism (for example by knowingly allowing someone to copy your code). 

Plagiarism is different from group work in which a number of individuals share ideas on how to carry out the coursework. 

You are strongly encouraged to work in small groups, and you will certainly not be penalized for doing so. This means 

that you may work together on the program. What is important is that you have a full understanding of all aspects of the 

completed program. In order to allow proper assessment that this is indeed the case, you must adhere strictly to the 

course work requirements as outlined above and detailed in the coursework problem description. These requirements 

are in place to encourage individual understanding, facilitate individual assessment, and deter plagiarism. 

 


