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The rotation group SO(3) pervades nearly all sciences, and this is
simply due to the fact that we live in a three-dimensional real world.
The group SU(2), the cousin of SO(3), assumes even a more
fundamental role in the quantum theory. For instance, it is the group
of single-qubit unitary gates. States of a qubit are realized
geometrically as points on the Bloch sphere, and SU(2) acts on this
sphere geometrically as SO(3) rotations. Though this geometric
picture is quite impressive, composition of SO(3) rotations or SU(2)
gates is traditionally handled algebraically and not geometrically.

In the course of his studies on quarternions, Hamilton developed a
geometric or visual represention of SU(2) wherein SU(2) matrices
are pictured as (equivalence classes of) directed great circle or
geodesic arcs on the unit sphere. The product of a pair of SU(2)
matrices is then correctly given by "addition' of the corresponding
directed arcs, resulting in a group composition law which is
perfectly analogous to the parallelogram law of vector addition
familiar in the context of the Abelian translation group. This
beautiful geometric construct seems to be not as widely known as it
deserves. The talk will develop this construct into a powerful visual
tool-kit for handling visually and effectively problems involving the
groups SO(3) and SU(2). The power of this pictorial representation
will be demonstrated through several examples. The talk will
assume no prior knowledge of group theory or quantum mechanics.
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