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Course: Calculus of complex functions

Lecturer: Prof. DSc Nikolay V. Vitanov
Assistant: Dr. Genko Vasilev
	Academic work
	Components
	Acad. hours

	In-class work
	Lectures
	30

	
	Seminars
	30

	
	Practical exercises (school internships)
	

	Total in-class work
	60

	Out-of-class work
	Preparation for written exam
	30

	
	Preparation for oral exam
	30

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	Total out-of-class work
	60

	TOTAL ACADEMIC WORK
	120

	ECTS credits in-class work
	2

	ECTS credits out-of-class work
	2

	TOTAL ECTS CREDITS
	4


	№
	Grade components

	% of the grade

	1. 
	Written exam (examination in problem solving)
	50%

	2. 
	Oral exam
	50%

	3. 
	
	

	Outline of the course:

	This course is the first of four courses that make up the core of mathematical methods of physics. Its main objective is to give the students the knowledge and mathematical techniques that are required for the next theoretical courses. Therefore, this first part of training on mathematical methods of physics is an introduction to complex analysis, consistent with the subsequent mathematical courses as well as courses in theoretical physics. Special attention is paid to clearly defining and clarifying the concepts and basic theorems, and the learning of practical procedures for solving problems in accordance with the needs of different sections of physics.


	Preliminary requirements:

	Required knowledge: 

· real calculus of functions of one or more variables;

· linear algebra and analytic geometry. 


	Key competences acquired:

	After the course, the students will acquire wide range of skills to:
· perform basic arithmetic and algebraic operations with complex numbers;
· calculate mappings of simple geometric objects;
· differentiate complex functions and verify their analiticity;
· work with elementary complex functions: exponent, logarithm, trigonometric and hyperbolic functions and their inverse functions;
· calculate integrals in the complex plane;
· find the zeros and poles of complex functions and solve various real integrals with the residue theorem and its variations;
· calculate Fourier integrals series;
· calculate fractional-linear mappings.


Lectures plan 

	№
	Topic: Calculus of complex functions
	Acad. hours

	
	Lectures
	

	1
	Complex numbers and complex plane. Complex numbers: algebraic operations, polar form, geometric representation in the complex plane, extended complex plane, de Moivre formula. Powers and roots. Sets of points in the complex plane. 
	4

	2
	Complex functions and mappings. Concept of complex function and complex mapping. Linear mapping. Power function. Root function. Reciprocal function. 
	4

	3
	Analytical functions. Complex function of real argument. Limits. Continuity. Derivative of complex function. Differentiability and analyticity. Analytical functions. Cauchy-Riemann's equations. Harmonic Functions. 
	4

	4
	Elementary functions. Complex exponential function. Complex logarithm. Multivalued functions, Riemann surface, analytical continuation, branch points. Complex power function. Complex trigonometric and hyperbolic functions. Inverse trigonometric and inverse hyperbolic functions. 
	5

	5
	Integration in the complex plane. Real integrals. Complex integrals. Primitive function. Theorem of Cauchy-Goursat. Independence from the integration path. Integral formulas of Cauchy and some consequences from them. 
	5

	6
	Series and Residues. Sequences and series. Power series, radius of convergence. Taylor series. Laurent series. Zeros and poles. Residues. Residue theorem. Some consequences of the residues theorem: calculating real trigonometric integers, real improper integrals, indented contours, integration along a branch cut, argument principle, Rouche's theorem, summation of infinite series. Fourier series and Fourier integrals. 
	6

	7
	Conformal mappings. Conformal mappings. Linear fractional transformations. Schwarz-Christoffel transformations. Integral formulas of Poisson.
	2

	
	
	

	
	Seminars/Practical exercises
	

	1
	Complex numbers and complex plane. Complex numbers: algebraic operations, polar form, geometric representation in the complex plane, extended complex plane, de Moivre formula. Powers and roots. Sets of points in the complex plane. 
	4

	2
	Complex functions and mappings. Concept of complex function and complex mapping. Linear mapping. Power function. Root function. Reciprocal function. 
	4

	3
	Analytical functions. Complex function of real argument. Limits. Continuity. Derivative of complex function. Differentiability and analyticity. Analytical functions. Cauchy-Riemann's equations. Harmonic Functions. 
	4

	4
	Elementary functions. Complex exponential function. Complex logarithm. Multivalued functions, Riemann surface, analytical continuation, branch points. Complex power function. Complex trigonometric and hyperbolic functions. Inverse trigonometric and inverse hyperbolic functions. 
	4

	5
	Integration in the complex plane. Real integrals. Complex integrals. Primitive function. Theorem of Cauchy-Goursat. Independence from the integration path. Integral formulas of Cauchy and some consequences from them. 
	4

	6
	Series and Residues. Sequences and series. Power series, radius of convergence. Taylor series. Laurent series. Zeros and poles. Residues. Residue theorem. Some consequences of the residues theorem: calculating real trigonometric integers, real improper integrals, indented contours, integration along a branch cut, argument principle, Rouche's theorem, summation of infinite series. Fourier series and Fourier integrals. 
	6

	7
	Conformal mappings. Conformal mappings. Linear fractional transformations. Schwarz-Christoffel transformations. Integral formulas of Poisson.
	4


Topics Covered on the Final Exam
	№
	Topic

	1
	Complex numbers: algebraic operations, polar form, geometric representation in the complex plane, extended complex plane, de Moivre formula. 

	2
	Powers and roots. Sets of points in the complex plane.

	3
	Concept of complex function and complex mapping. Linear mapping. Power function.

	4
	Concept of complex function and complex mapping. Root function. Reciprocal function.

	5
	Complex function of real argument. Limts. Continuity. Derivative of complex function. Differentiability and analyticity.

	6
	Analytical functions. Cauchy-Riemann's equations. Harmonic Functions.

	7
	Complex exponential function. Complex logarithm. Multivalued functions, Riemann surface, analytical continuation, branch points. Complex power function. 

	8
	Complex trigonometric and hyperbolic functions. Inverse trigonometric and inverse hyperbolic functions. 

	9
	Real linear integrals. Complex integrals. Primitive function. Theorem of Cauchy-Goursat. Independence from the integration path.

	10
	Integral formulas of Cauchy and some consequences from them. 

	11
	Sequences and series. Power series, radius of convergence. Taylor series. Laurent series. Zeros and poles. Residues. Residue theorem. 

	12
	Some consequences of the residue theorem: calculating real trigonometric integers, real improper integrals, indented contours.

	13
	Some consequences of the residue theorem: integration along a branch cut, argument principle, Rouche's theorem, summation of infinite series. 

	14
	Fourier series and Fourier integrals. 

	15
	Conformal mappings. Linear fractional transformations. 

	16
	Schwarz-Christoffel transformations. Integral formulas of Poisson.
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�	 Depending on the course specificity and on the requirements of the teacher, other types of activity can be added or the unnecessary ones can be removed. 






