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Explanation of the quantization of the Hall conductance at low temperatures in strong
magnetic field is one of the greatest accomplishments of theoretical physics of the end of the
20th century. Since the publication of the Laughlin's charge pumping argument condensed
matter theorists have come a long way to topological insulators, classification of
noninteracting (and sometimes interacting) topological phases of matter, non-abelian statistics,
Majorana zero modes in topological superconductors and topological quantum computation the framework for ``error-free'' quantum computation. While topology was very important in
these developments, geometry has largely been neglected.
We explore the role of space-time symmetries in topological phases of matter. Such
symmetries are responsible for the conservation of energy, momentum and angular momentum.
We will show that if these symmetries are maintained (at least on average) then in addition to
Hall conductance there are other, in principle, measurable transport coefficients that are
quantized and sensitive to topological phase transition. Among these coefficients are nondissipative viscosity of quantum fluids, known as Hall viscosity; thermal Hall conductance,
and a recently discovered coefficient - orbital spin variance. All of these coefficients can be
computed as linear responses to variations of geometry of a physical sample. We will show
how to compute these coefficients for a variety of abelian and non-abelian quantum Hall states
using various analytical tools: from RPA-type perturbation theory to non-abelian ChernSimons-Witten effective topological quantum field theory.
We will explain how non-Riemannian geometry known as Newton-Cartan (NC) geometry
arises in the computation of momentum and energy transport in non-relativistic gapped
systems. We use this geometry to derive a number of thermodynamic relations and stress the
non-relativistic nature of condensed matter systems. NC geometry is also useful in the study of
Galilean invariant systems in manifestly coordinate independent form. We study the Ward
identities of the Galilean symmetry and find new relations between universal, quantized
transport coefficients and long-wave corrections there of.
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