DI.101F.EN Real Analysis

1. Study program
	1.1. University
	University of Bucharest

	 1.2. Faculty
	Faculty of Physics

	1.3. Department
	Department of Theoretical Physics, Mathematics, Optics, Plasma, and Lasers

	1.4. Field of study
	Physics

	1.5. Course of study
	Undergraduate/Bachelor of Science

	1.6. Study program
	Physics (in English)

	1.7. Study mode
	Full-time study



2. Course unit
	2.1. Course unit title
	Real Analysis

	2.2. Teacher
	Prof. dr. Claudia Timofte

	2.3. Tutorials/Practicals instructor(s)  
	Prof. dr. Claudia Timofte

	2.4. Year of study 
	I
	2.5. Semester
	I
	2.6. Type of
evaluation 
	E
	2.7. Classification of course unit
	Content 1)
	DC

	
	
	
	
	
	
	
	Type 2)
	DI


1) fundamental (DF), speciality (DS), complementary (DC); 2) compulsory (DI), elective (DO), optional (Dfac)

3. Total estimated time (hours/semester)
	3.1. Hours per week in curriculum  
	6
	distribution:
	Lectures
	3
	Tutorials 
	3
	Practicals
	0
	Project
	0

	3.2. Total hours per semester
	84
	distribution:
	Lectures
	42
	Tutorials
	42
	Practicals
	0
	Project
	0

	3.3 Distribution of estimated time for study
	hours

	3.3.1. Learning by using one’s own course notes, manuals, lecture notes, bibliography
	22

	3.3.2. Research in library, study of electronic resources, field research  
	20

	3.3.3. Preparation for practicals/tutorials/projects/reports/homeworks 
	20

	3.3.4. Examination 
	4

	3.3.5. Other activities
	0

	3.4. Total hours of individual study
	62
	
	

	3.5. Total hours per semester  
	150
	
	

	3.6. ECTS
	6
	
	




4. Prerequisites (if necessary)
	4.1. curriculum 
	High school mathematics courses: Algebra, Mathematical Analysis.

	4.2. competencies 
	



5. Conditions/Infrastructure (if necessary)
	5.1. for lecture
	Multimedia  room (with video projector). Lecture notes. Recommended bibliography.

	5.2. for practicals/tutorials/projects
	Video projector. Computers.



6. Specific competences acquired
	Professional 
competencies
	· The identification and the appropriate use of the main physical laws and principles in a given context.

· The use of suitable software packages for data analysis and processing.
· Solving Physics problems under given conditions using analytical, numerical, and statistical methods.

	Transversal 
competencies
	· The  efficient use of the information sources and of the communication  and professional development  resources in Romanian and in a widely used foreign language, as well.
· Carrying out professional tasks efficiently and responsibly, in compliance with the field-specific legislation, ethics, and deontology, under qualified assistance.



               
7. Course objectives
	7.1. General objective
	· Knowledge, understanding, and appropriate use of the fundamental concepts of differential, integral, and vector calculus for real functions of several variables, with applications in Physics.

· Achieving a deep theoretical understanding of the basic concepts of Real Analysis.

· Acquiring a solid mathematical basis for understanding and modeling complex processes and phenomena in the field of Physics. Possibility of applying differential and integral calculus knowledge in the study of other disciplines.

· Acquisition of computational skills.


	7.2. Specific objectives
	· Knowledge and proper use of notions specific to Real Analysis: convergence, series, limit, continuity, and derivability for real functions of several variables, applications of differential calculus in optimization and approximation theory, differential operators, line integrals, multiple integrals, surface integrals and integral formulas, applications of integral calculus in Physics.

· Development of intuition and of logical and abstract thinking. Gaining the ability to work in a team. Computing skills development. 



8. Contents
	8.1. Lectures [chapters]
	Teaching techniques
	Observations

	Metric spaces. Normed spaces. Spaces with scalar product. Real Euclidean spaces.
	Systematic exposition. Interactive lecture. Critical analysis. Examplification.
	2 hours


	Sequences in Rn. Convergent and fundamental sequences.  Complete spaces.  Series in normed spaces. Number series. Convergence tests.  
	Systematic exposition. Interactive lecture. Critical analysis. Examplification. 
	3 hours

	Limits of functions. Continuous functions.  Continuous functions on compact sets. Uniform continuity. Connected sets.   
	Systematic exposition. Interactive lecture. Critical analysis. Examplification.
	3 hours

	Differentiable functions on Rn. Partial derivatives. Jacobi matrix. Differential operators: gradient, divergence, curl.  Applications in physics.
	Systematic exposition. Interactive lecture. Critical analysis. Examplification.
	6 hours

	Higher order differentials. Taylor’s formula. Local extrema. Implicit functions and systems of implicit functions.  
	Systematic exposition. Interactive lecture. Critical analysis. Examplification.
	4 hours

	Sequences and series of functions. Pointwise and uniform convergence. Power series. Taylor series. Fourier series. Applications.
	Systematic exposition. Interactive lecture. Critical analysis. Examplification.
	6 hours

	Integrable functions. Improper integrals. Parameter-dependent integrals. Improper integrals depending on parameters. Euler’s functions.
	Systematic exposition. Interactive lecture. Critical analysis. Examplification.
	3 hours

	Line integrals. Paths. Line integrals of the first kind. Integration of differential forms of degree one. 
	Systematic exposition. Interactive lecture. Critical analysis. Examplification.
	3 hours

	Multiple integrals. Change of variables in multiple integrals. Improper multiple integrals. Applications.
	Systematic exposition. Interactive lecture. Critical analysis. Examplification.
	4 hours

	Area of a smooth surface. Surface integrals. Oriented surfaces. Flux of a field through a surface. 
	Systematic exposition. Interactive lecture. Critical analysis. Examplification.
	4 hours

	Integral formulas: Green-Riemann, Gauss-Ostrogradski, Stokes. Mechanical work. Path-independence of line integrals. Applications in physics. 
	Systematic exposition. Interactive lecture. Critical analysis. Examplification.
	4 hours

	Bibliography: 

· G. Arfken, H. Weber, “Mathematical Methods for Physicists”, Elsevier Academic Press, 2005.
· P. Bamberg, S. Sternberg, “A Course in Mathematics for Students of Physics”, Cambridge University 
              Press, 1990. 
· N. Cotfas, L. Cotfas, “Elements of Mathematical Analysis” (in Romanian), Editura Universității din București, 2010. 
· R. Courant, “Differential and Integral Calculus”, Wiley, New York, 1992.
· A. Halanay, V. Olariu, S. Turbatu, “Mathematical Analysis” (in Romanian), Editura Didactică și Pedagogică, 1983.
· E. Kreyszig, “Advanced Engineering Mathematics”, 10th edition, Wiley, 2011.
· K. F.  Riley,  M. P. Hobson,  S. J. Bence, “Mathematical ​Methods for Physics and Engineering”, 3rd edition, Cambridge University Press, Cambridge, 2006.
· W. Rudin, “Principles of Mathematical Analysis”, McGraw-Hill, New York, 1964.
· C. Timofte, ”Differential Calculus”, Editura Universității din București, 2009. 
· C. Timofte, “Real Analysis”, lecture notes, 2021.  


	8.2. Tutorials 
	Teaching   and   learning techniques 
	 Observations

	The seminar follows the course content. The issues to be discussed are meant to provide the student with a deep understanding of the theoretical concepts presented during the lectures, to develop computing skills and the appropriate use of the basic concepts of real analysis. 
	Exposition. The exercise. Problematization. Guided work. Team work. Solving individual tasks.


	42 hours

	Bibliography: 

· L. Aramă, T. Morozan, “Problems of Differential and Integral Calculus” (in Romanian), Editura Tehnică, Bucureşti,  1978.
· F. Ayres Jr., E. Mendelson, ”Schaum’s Outline of Calculus”, fourth edition (Schaum’s Outline Series), McGraw-Hill, New York, 1999.
· Gh. Bucur, E. Câmpu, S. Găină, “Problems of Differential and Integral Calculus” (in Romanian), vol. I - III, Editura Tehnică, Bucureşti, 1978. 
· B. Demidovich, “Problems in Mathematical Analysis”, Mir Publishers, Moscow, 1977.
· N. Donciu, D. Flondor, “Mathematical Analysis. Problems” (in Romanian), Editura ALL, 1998.
· D. Flondor, O. Stanasila, “Lessons of Mathematical Analysis and Solved Exercises” (in Romanian),  Editura ALL, 1996. 
· Gh. Procopiuc, M. Ispas, “Problems of Mathematical Analysis” (in Romanian), Iasi, 2002.


	8.3. Practicals
	Teaching   and   learning techniques 
	 Observations

	Bibliography: 

	8.4. Project 
	Teaching   and   learning techniques 
	 Observations

	Bibliography: 



9. Compatibility of the course unit contents with the expectations of the representatives of epistemic communities, professional associations and employers (in the field of the study program)
	This course unit develops some theoretical and practical competences and abilities, which are important for an undergraduate student in the field of modern Physics, corresponding to national and international standards. The contents and the teaching methods were selected after a thorough analysis of the contents of similar course units in the syllabus of other universities from Romania or from the European Union. The contents are in line with the requirements of the main employers of the graduates (industry, research, secondary school teaching).



10. Assessment
	Activity type
	10.1. Assessment criteria 
	10.2. Assessment
Methods
	10.3. Weight in
final mark

	10.4. Lecture
	· Clarity, coherence, and conciseness of the exam presentation.  

· Knowledge and understanding of the fundamental concepts of Real Analysis. 

· Correct use of mathematical methods and techniques.

· The ability to demonstrate/justify theoretical results and to analyze specific examples.
	Written and oral examination (online or “face-to-face”). For online assessment, the exam questions will be sent electronically, via e-mail or via Google Meet or Microsoft Teams platforms. The exam will be recorded and, throughout whole its duration, the students will have their video cameras turned on.  
	80%


	10.5.1. Tutorial
	· The ability to apply specific results obtained in this course to solve given problems.  

· The ability to solve practical problems specific to the course and to correctly interpret, analyze, and present the obtained results.
	Homework assignments. Individual or team projects. Active classroom participation.


	20%


	10.5.2. Practical
	
	
	

	10.5.3. Project
	
	
	

	10.6. Minimal requirements for passing the exam

· Adequate knowledge and application of the fundamental notions of Real Analysis: convergence, series, limit, continuity, derivability, and integrability for real functions of several variables. 

Requirements for getting mark 5  (10 points scale) 

· Students must attend at least 50% of the lecture hours and at least 75% of the tutorial ones. 

· Fulfillment of at least 50% of each of the criteria that determine the final grade. 


	Date

15.11.2021
	Teacher’s name and signature
    
    Prof. dr. Claudia Timofte                                
	

Tutorials instructor name and signature

         Prof. dr. Claudia Timofte



	Date of approval 
.......................
	
                                                             Head of Department 
                                            
                                                              Lect. dr. Roxana Zus
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