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Iv. Javakhishvili Tbilisi State University
Faculty of Exact and Natural Sciences
Syllabus

	Title of the course
	Mathematical Physics

	Code of the course
	

	Statute of the course 
	The obligatory one term course is provided for the undergraduate students of Faculty of Exact and Natural Sciences (Bachelor Program)

	ECTS
	5 credits
60 contact hours (lecture – 30, practical works – 15, Laboratory works) 65 hours for the independent work

	lecturer
	Prof. George Jaiani, Iv. Javakhishvili Tbilisi State University, Faculty of Exact and Natural Sciences, I. Vekua Institute of Applied Mathematics, Phone: 303040, 188098 (office), 290470 (home),
e_mail: jaiani@viam.sci.tsu.ge 

	 The aim of the course
	The aim of the course is to give to students the basic knowledge in the theory of partial differential equations of the mathematical physics in the sense of well-posedness (existence, uniqueness and stability of solutions) of initial and boundary value problems and methods of their investigation. A special attention will be paid to mathematical models of physical,  technical and other processes described by partial differential equations.

	Pre-request
	Calculus, Ordinary Differential Equations

	Format of the course
	Lecture, Practical works, Laboratory works

	Contents of the course
	                                       Topics

Introduction
1. Typical Equations of Mathematical Physics

1.1. String Equation (s. [7], §3,1)
1.2. Membrane Equation (s. [7], §3,1)
1.3. Diffusion Equations (s. [4],§5, [7}, §2,2)
2h lecture, 2h practical work
1.4. Vibration Equation of Elastic Beams (s. [2], §3,1)
1.5. Kirchhoff-Love and Reissner-Mindlin Equations (s. [2], §§2.4, 2.5)
1.6. Equations of Linear Theory of Elasticity (s.[4], $3 ; [9], §§1.15,
      1.16, 1.18,s. also, [2], Chapters 1-4)
1.7. Hierarchical Models (s. [2], §§2.6, 3.2)
1.8. Equations of hydrodynamics ( s. [4], $1; [2], §1.23)
1.9. Transfer Equations (s. [4], § 5; [7] ,§ 2,4)
1.10. Maxwel Equations (s. [4], § 4; [7] ,§ 2,6)
1.11. Schroedinger Equations (s. [4], § 6; [7] ,§ 2,7)
1.12. Klein-Gordon-Fock and Dirac Equations (s. [7] ,§ 2,8)
1.12. Chapligin Equation (s. [8] , Chapter 1, § 3, 3 and 4)
2h lecture, 2h practical work
2. Classification of Partial Differential Equations
2.1. Notion of Partial Differential Equations (PDE) (s. [8], Chap. I, §1,1
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, [5], Chap. V, §1)
2.2. Division on Types (s. [8], Chap. I, §1,2
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)
2h lecture, 2h practical work
2.3. Second-order Linear PDEs (s. [8], Chap. I, §1,3
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)
2.4. Systems of Second-order Linear PDEs (s. [8], Chap. I, §1,4
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)
2h lecture, 2h practical work

2.5. Second-order PDEs in Two Independent Variables. Characteristics.
       Canonical Forms  (s. [8], Chap. I, §1,5
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)
2h lecture, 2h practical work

2.6. Extremum and Zaremba –Giraud Principles
2.7. Main Boundary Value Problems for Elliptic Equations. Existance, Uniqueness and Stability of Solutions

2.8.Cauchy-Kowalewski and Holmgren Theorems
       (s. [5], Chap. V, §1,5, [7], Chap. I, §4,8, [9], Chap. VII, §1)
4h lecture, 4h practical work
3. Elliptic Equations
3.1. Harmonic Functions (s. [4], Chap. II, §2, [9], Chap. I, §1)
2h lecture, 2h practical work

3.2. The Dirichlet Problem, Green’s Function, Poisson’s Formulas for Circle, Sphere, and Half-space (s. [9], Chap. I, §2, [5], Chap. VII, §5, 5.1)
2h lecture, 2h practical work

3.3. Potential Theory (s. [9], Chap. I, §§3,4, Chap. 2, §§3-6, [3], Chap.5)

                                                                      2h lecture, 2h practical work
4. Hyperbolic Equations
4.1. The wave equation (s. [9], Chap. III, §§1,2, [5], Chap. V, §2,3)
4.2. Cauchy and Goursat Problems for the wave equation. Incorrect Problems (s. [9], Chap. III, §3)
2h lecture, 2h practical work

5. Parabolic Equations
5.1. The Heat equation (s. [9], Chap. IV, §1, [5], Chap. V, §2,4)
5.2. Cauchy- Dirichlet Problem (s. [9], Chap. IV, §2)
2h lecture, 2h practical work

6. On The Smoothness of Solutions
6.1. Elliptic Equations 
6.2. Hyperbolic Equations

6.3. Parabolic Equations 
       (s. [9], Chap. IV, §3)

2h lecture, 2h practical work

7. Degenerate Equations
8.1.Tricomi Equation. Tricomi Problem (s. [8], Chap. IV, 1,2
[image: image6.wmf]o

) ; [8], Chap. X , §§1,2)

8.2.Generalized Keldysh Theorem(s. [1])

2h lecture, 2h practical work

8. Some Methods of Investigation of the Equations of Mathematical Physics
8.1. Separation of Variables (s. [9], Chap. VI, §1)
8.2. Integral Transform Method (s. [9], Chap. VI, §2, [5], Chap. III)
8.3. Variational Methods (s. [9], Chap. VI, §4, [5], Chap. VII, §1)
8.4. Numerical Methods (s. [9], Chap. VI, §3, [6], Chap. XII, §1)
2h lecture, 2h practical work
                                 Laboratory works (s. [10])
1. Analytic Solutions and their Plotting

2. Direction Fields and Integral Curves

      3.   Typical Equations of Mathematical Physics
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	Grades
	100 points grades are used:

1. two written tutorials with three questions each up to five points;

2. students activity at seminars up to 20 points;

3. attendance at lectures and seminars up to 10 points;

4. final written exam with four questions each up to 10 points. 

	Exam pre-request
	Within the first three parameters of grades students have to earn at least 30 points and to take part at least at one tutorial.

	Grading scheme
	Attendance
10%

Participation in tutorials (2x15)

30%

Activities at seminars (15%) and Laboratory works (5%)
20%

Final exam
40%

Final grade
100%
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	Results of study
	Students will get basic knowledge in partial differential equations. They will be able to set correctly and investigate initial and boundary value problems for them. They will be acquainted with basic methods of investigation of partial differential equations and in some cases with methods of construction of solutions in explicit forms. They will be also acquainted with several differential models of physical, technical and other processes.


Remark: The corresponding to this syllabus lecture course can be found on the following website

http://www.viam.science.tsu.ge/others/ticmi/index.html
_1256984345.unknown

