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(1) Elements of polynomial algebra.
Ring of polynomials in one variable. Division of polynomials. The greatest common divisor. Decomposition into irreducible factors. Roots of polynomials. Bezout's theorem. Roots of complex polynomials, the fundamental theorem of algebra. Roots of polynomials over the real and rational field. Multiple roots and derivative.

(2) Diagonalization of linear operators. Jordan canonical form.
Eigenvalues and eigenvectors of linear operators and square matrices. Characteristic polynomial. Minimal polynomial. Cayley-Hamilton theorem. Geometric and algebraic multiplicity of eigenvalues. Criteria for diagonalizability of linear operators and square matrices. Invariant subspaces. Jordan canonical form and Jordan basis. Jordan canonical form over the reals.
(3) Euclidean and unitary spaces.
Scalar product. Cauchy-Schwarz inequality. Norm and metric. Gram matrix. Scalar product in coordinates. Orthonornal basis. Gram-Schmist orthogonalization. Orthogonal and unitary matrices. Orthogonal complement.

(4) Linear operators in spaces with scalar product.
Examples: linear functional, isometry, conformal and volume-preserving operators. Adjoint operator. Self-adjoint operators. Normal operators. Diagonalization of normal operators. Examples: diaginalization of self-adjoint, anti-self-adjoint, orthogonal and unitary operators.

(5) Bilinear and quadratic forms.
Definition and examples. Bilinear and quadratic forms in coordinates. Bilinear forms and linear functionals. Lagrange diagonalization of quadratic forms. Quadratic forms over the complex and real fields. Sylvester's theorem. Rank and signature of a quadratic form. Positive (negative) definite quadratic forms. Diagonalization of real quadratic forms by orthogonal transformations. Simultaneous diagonalization of two quadratic forms. Skew-bilinear forms and their diagonalization. Classification of real and complex curves and surfaces of degree 2. 
Prerequisites: Linear algebra I.
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