
Topics for the oral part of the comprehensive exam in mathematics 

 

1. Operations of sets, set laws, subsets of the real numbers: union, intersection, difference, Cartesian 
product. Intervals, boundedness, inf., sup., min., max. 

2. Sequences of real numbers and their limits: The notion of real sequences. Limits and operations. 
Some important sequences and their properties. Monotone and bounded sequences. Series of real 
numbers:  partial sums and convergence, geometric series. 

3. Real functions, polynomials and interpolation: The notions of the relation and its domain, range; 
real function and its inverse. Monotonity, boundedness, zero set, convexity. Polynomial functions, 
Lagrange interpolation. 

4.  Limits of real functions, continuity of real functions, series of functions, power series. 

5. The arithmetic of matrices, determinants and their properties: operations, determinant. Systems of 
linear equations: Gauss elimination (addition method) and Cramer’s rule. 

6.    as a linear space: The notions of subspace, generating systems, bases, dimension.  Scalar 
product, angle of vectors.  The algebra of vectors in 2 and 3 dimensions: operations, coordinate 
systems. 

7. Linear transformations and their properties. Eigenvectors, eigenvalues. 

8. Derivatives, differentiation rules. Applications in physics. Taylor polynomials, l'Hospital's rule. 

9.  The investigation of real functions by differentiation: Monotonicity and convexity testing. Curve 
sketching for a function, local and absolute extrema. 

10.  Primitive functions, indefinite integral. Integration by parts and by substitution. 

11. The Riemann integral. The Newton-Leibniz theorem. Improper integrals. Applications of the 
integration in geometry and physics. 

12. Classification of differential equations. Initial value problems.  Slope fields. Euler’s and Runge-
Kutta methods. Problems leading to differential equations. 

13.  Separable differential equations. First and second order linear differential equations. 

14.  The notion of parametric curve. Linear approximation. Curvature, torsion, Frenet-Serret frame. 
The notion of parametric surface, tangent plane. Surfaces of revolution, ruled surfaces. 

15. Scalar field, gradient. Young's theorem. Local and global extrema. Vector fields. Derivatives. 
Divergence and curl. 

17. The notion of double and triple integrals on 2 and 3 dimensional intervals. The extensions of the 
integrals. Integrals over general regions. Double integrals in polar coordinates. 

18. The arc length of curves, surface area.  Line and surface integrals. The theorems of Gauss and 
Stokes, Green’s formulae. Potentials. 

 


