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1. GROUP OF ISOMETRIES OF PSEUDO H-TYPE ALGEBRAS

A pseudo H-type algebra is a Lie algebra built from a representation of a Clifford
algebra Cl, ; generated by a pseudo-Euclidean space R™* = (R"** (., .), ;)

J: Cl,, — End(V).

We write J, € End(V) for a vector z € R™®. We assume that the vector space V
admits a non-degenerate bilinear form (.,.)y such that

(Lu,v)y + (u, )y =0 forany ze€R"™, uvelV.

The existence of such a bilinear form was proved in [1]. Note that if s = 0, then the
form (.,.)y is sign definite and if s > 0, the form (.,.)y has the equal dimension of
maximal positive and negative definite subspaces in V. The pseudo H-type algebra
n, s is a vector space R™* @ V' endowed with the Lie bracket

(Jou,v)y = (2, [u, v])rs.

The group of automorphisms Aut(n, ;) of the algebras n, s were studied in [2, 3].

The main task of the master project is to determine the isometry group of n, ,
i.e. the subgroup of Aut(n,s) such that is preserves the bilinear forms (.,.)y and
(., .)rs The case s = 0 was described in [4].
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2. TANAKA PROLONGATION OF GRADED LIE ALGEBRAS WITH
SUB-PSEUDO-RIEMANNIAN METRIC

Let us assume that we are given a graded Lie algebra
n=9g,99 u+19D...091
such that
91,051 =951, [9-1,0-.] = {0},
and a symmetric bilinear non-degenerate form (.,.)q ,: g-1 X g1 — R. Let us
assume that Gy is a subgroup of the group of automorphisms Aut(n) such that Gy
preserves metric (.,.)q ,. Let gy be a Lie algebra of Gy and denote by g the Lie
algebra
g=ndgo, [Ag]:=Ag, A€ gy g

It was shown in [1] that the Tanaka prolongation of g is trivial if Gy preserves a

positive definite bilinear form.
The tasks of the master thesis:

e Study the construction of the Tanaka prolongation both theoretically [3] and
by making use the software [2];
e Check the conjecture the Tanaka prolongation of g = négq is trivial for and

Go-tnvariant symmetric bilinear non-degenerate form on g_; on the software.
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e Prove or disprove the conjecture theoretically. As a model example can be
taken the pseudo H-type algebras with GGy constructed in the first master
project.
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3. HOLDER PROPERTIES OF SOLUTIONS TO SOME PDE OF DIVERGENT TYPE

Consider a differential equation
(3.1) A(z,Vh) =0
for x € 0, 2 is a domain in R”. Here we also assume

Al The map Q > x — A(+, &) is measurable for all £ € R™; the map R" 35 £ —
A(x,-) is continuous for almost all x € Q.

Moreover the following conditions hold for all £, 7 € R", £ # n and almost all z € Q.
A3 [A(z, )] < [€]["70x(x);
A4 <A(l‘, 5) - A(l‘, n)vg - 77) > O;
A5 A(x, ) = AN 2A(z, &) for all A € R\ 0.
The week continuous solution to (3.1) is called A-harmonic function. The properties
of A-harmonic functions for weights 0, (z) = 65(x) were studied in [1].
The tasks of the master thesis is to show that the A-harmonic solution to (3.1)
is Holder continuous, following the outline of the proof of Theorem 6.6 [1].
Particularly, the solutions of equations of type (3.1) are quasiconformal homeo-
morphic and non-homeomorphic maps introduced and studied in [2, 3]. The appear-
ance of different weight functions 6 is important for the elasticity theory.

REFERENCES

[1] J. Heinonen, T.Kilpelainen,O.Martio Nonlinear potential theory of degenerate elliptic equa-
tions. Dover Publication. (2006)

[2] Yu. G. Reshetnyak, Space mappings with bounded distortion. Translations of Mathematical
Monographs, 73. American Mathematical Society, Providence, RI, 1989. 362 pp.

[3] S.Rickman, Quasiregular mappings. 26. Springer-Verlag, Berlin, 1993

[4] T.Iwaniec, J.Onninen. An invitation to n-harmonic hyperelasticity. Pure Appl. Math. Q. 7
(2011), no. 2, Special Issue: In honor of Frederick W. Gehring, Part 2, 319-343.

4. GRASSMANNIANS ON THE COMPLEXIFIED AND QUATERNION HEISENBERG
GROUPS

The Grassmann manifold in R™ is a set of k-dimensional subspaces and they
proved to be widely used in mathematics, physics, as well in the engineering sci-
ences [1].

The closest noncomutative analogue of the Euclidean space R™ are nilpotent
groups, let say of step two. The analogous of the Grassmann manifold would be a
collection of subgroups having equal topological and/or homogeneous dimensions.
The first attempt to describe the Grassmann manifold on the Heisenberg group was
done in [2], that was based on the serious of previous works, see for instance [3].
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The tasks of the master thesis is to describe the Grassmann manifolds on the
complex and quaternion versions of the Heisenberg group. To do it the student
has to learn the structure of these groups and their homogeneous subgroups. The
notions of topological and homogeneous dimensions plays an important role. The
construction is very useful in the geometric measure theory, that is a hot topic in
the last 15 years.
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