REQUIREMENTS FOR DISCIPLINE EXAMS: MATHEMATICS 
FOR DOCTORAL SCHOOL STUDENTS

The enclosed lists of topics and literature are indicative only. The examination commission (examiners), in consultation with the supervisor, determine the detailed scope of the discipline exam and the literature relevant for this exam, of which the doctoral student is informed.

	TOPICS:

	1. Problem solving strategies, examples.
2. Functional equations and inequalities, what next?
3. Well-known Hilbert’s problems.
4. Graphs and their applications in various fields of mathematics.
5. Dirac’s Conjecture, Weak Dirac’s Conjecture, Green-Tao Theorem, A short proof of the Weak Dirac’s Conjecture for point configurations in .
6. The Collatz-Ulam problem in terms of stochastic methods and dynamical systems.
7. The Riemann Hypothesis.
8. The Fermat Last Theorem.
9. Selected similarities and differences between the notions of measure and category.
10. Characterization of extreme problems in the theory of point and line configurations.
11. Hirzebruch-type inequalities and their consequences in extreme problems in combinatorics.
12. Selected models of non-euclidean geometries.
13. The golden ratio in geometry.
14. How to arrange and evaluate projects?
15. Inductive and deductive methods in teaching mathematics.
16. How to do math? What is the job of a mathematician?
17. Variety of mathematical experience.
18. Why is mathematics useful?
19. Pure versus applied mathematics.
20. Philosophical difficulties of an active mathematician.
21. Nonstandard analysis.
22. Experiment versus proof in mathematics - methodology and examples.
23. Classical primality tests of natural numbers based on congruences.
24. Fermat and Mersenne numbers, prime factorizations and public-key cryptography.
25. Jordan measure of a set: definition, family of measurable sets, uniqueness, invariance, measure of an elementary figure, measure of similar figures, relations between the Jordan measure and the Riemann integral.
26. Geometry models over non-Archimedean fields.
27. Hilbert's axioms versus Euclid's axioms.
28. Axioms of the set theory, including the role of the axiom of choice.
29. Basic concepts of the category theory.
30. Basic problems in model theory, including consistency, completeness and decidability.
31. Selected topics of real analysis and functional analysis.
32. Smooth curves and smooth surfaces.
33. Local geometry of smooth surfaces.
34. Discrete stochastic processes.
35. Continuous stochastic processes.
36. Psychological and mathematical thinking processes.
37. Selected aspects of the process of   learning and teaching mathematics.
38. The role of exemplary facts and activities specific to mathematics.
39. Different methods used to localize the spectrum of matrices.
40. Mathematical models – introduction, methods, and selected topics.
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