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1 Quantum Measurement and Nonunitary Dynamics

The problem of measurement in a quantum system involves the interaction of a
classical system with only a small number of degrees of freedom (‘measuring appa-
ratus’) coupled to the quantum system which is being subjected to measurement. It
has been the practice to think of the measuring apparatus as a quantum system with
a very large number of degrees of freedom treated in the classical limit. It is however
possible to formulate! the problem in such a manner that the measuring appartus is
a, classical system with a finite number of degrees of freedom.

This formulation involves the perception of the classical system as the projection
of a quantum system. Along with a classical system with its phase space w is a
vector field 4/dw. Together they constitute the phase space Q of a quantum system.?
If we proceed to the Schrodinger picture of this phase space and treat w as the
coordinates, the projection is obtained by demanding that only the absolute values
of the amplitudes | ¥(w) | are observable. The phases of ¥(w) are unmeasurable. It
can now be seen that phase space trajectories in w are well defined if the hamiltonian
in Q is a vector field in w. Elsewhere® we have analyzed this formulation and shown
it to be able to reproduce the traditional Stern-Gelach experiment and other such
systems.

It can be seen that the crucial step in passing from superposable complex prob-
ability amplitudes to nonnegative standard probabilities involves the loss of phase
information at some stage. In the traditional method the phase is lost in the passage
to the classical limit of a large quantum system. In our formulation mentioned above
it is the postulate of superselection and consequent unobservability of phases!. To
deal in general with such processes it would be desirable to consider an input-output
mechanism where phase information is not necessarily preserved. This is provided by
the formalism of dynamical maps which has seen such significant development during

the past quarter century.
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