Topics of Mathematics in the PhD Admission Procedure
Suggested reading: given parts of E. Kreyszig: Advanced Engineering Mathematics (10th edn., Wiley,
2010.). Thomas's Calculus can also be used in reviewing basics of Mathematics.
Topic
Operations with natural, rational, real and complex numbers
Properties of infinite sequences and series
Limit of infinite series, tests for convergence
Linear and quadratic interpolation, interpolation polynomials
Curve fitting with the Least Squares Method
Basic rules of differentiation, derivatives of elementary functions
Geometrical interpretation of first and higher-order derivatives, approximation with difference
quotients
Integrations: special techniques of the formulation of integral functions
Numerical approximation of definite integrals of univariate and multivariate functions
Power series, interval of convergence, differentiation and integration of univariate and
multivariate functions
Taylor series and Taylor polynomial of elementary functions
Fourier series of periodic functions in one variable, technique of series expansion
Properties of orthogonal series
Multivariate scalar functions: partial and directional derivatives
Potential and gradient
Ordinary Differential Equations
Classification, criterion of existence and uniqueness of a solution
Initial Value Problems, Boundary Value Problems, Eigenvalue Problems
Analytic and numeric solution to first-order differential equations
Problems described by linear differential equations
Partial Differential Equations: classification, examples
Conditions on the existence of the unique solution of problems with place and time dependent
variables
Initial and Boundary Value Problems
Solution methods: Difference Method
Vectors in the plane and in the space
Vector operations, components of a vector written in an orthogonal/skew vector basis
Vector functions in one variable
Differential geometry of planar and spatial curves
Trihedron, arc length, curvature and torsion of a space curve
Representation of surfaces in Cartesian and polar coordinate systems
Level curve, gradient, surface normal
Area of a surface
Vector-vector functions: derivation, Jacobian matrix and the Jacobian
Vector-vector functions: integral over a line/surface
Divergence and rotation
Theorems for integral transformation
Technical applications
Matrix arithmetics, rank and determinant of a matrix, expansion of a determinant
Existence criterion of the inverse of a matrix
Eigenvalues, eigenvectors
Homogeneous and inhomogeneous system of linear equations, role of the rank in the existence
and uniqueness of the solution
Numerical solution to systems of linear equations with a quadratic matrix of coefficients
Probability: definitions based on Combinatorics and set theory
Conditional probability, independence of events
Discrete and continuous random variables, properties of probability and distribution functions
Important distributions
Mean and variance of a distribution
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