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for path integrals in spaces with curvature and gradient torsion,'! thus offering also
a unique solution to the operator-ordering problem. This was the key to the leftover
problem in the Coulomb path integral in three dimensions — the proof of the absence
of the extra time slicing contributions presented in Chapter 13.

Chapter 14 solves a variety of one-dimensional systems by the new techniques.

Special emphasis is given in Chapter 8 to instability (path collapse) problems in
the Euclidean version of Feynman'’s time-sliced path integral. These arise for actions
containing bottomless potentials. A general stabilization procedure is developed in
Chapter 12. It must be applied whenever centrifugal barriers, angular barriers, or
Coulomb potentials are present.!?

Another project suggested to me by Feynman, the improvement of a variational
approach to path integrals explained in his book on statistical mechanics!3, found
a faster solution. We started work during my sabbatical stay at the University of
California at Santa Barbara in 1982. After a few meetings and discussions, the
problem was solved and the preprint drafted. Unfortunately, Feynman’s illness
prevented him from reading the final proof of the paper. He was able to do this
only three years later when I came to the University of California at San Diego for
another sabbatical leave. Only then could the paper be submitted.*

Due to recent interest in lattice theories, I have found it useful to exhibit the
solution of several path integrals for a finite number of time slices, without going
immediately to the continuum limit. This should help identify typical lattice effects
seen in the Monte Carlo simulation data of various systems.

The path integral description of polymers is introduced in Chapter 15 where
stiffness as well as the famous excluded-volume problem are discussed. Parallels are
drawn to path integrals of relativistic particle orbits. This chapter is a preparation
for ongoing research in the theory of fluctuating surfaces with extrinsic curvature
stiffness, and their application to world sheets of strings in particle physics.!® I have
also introduced the field-theoretic description of a polymer to account for its increas-
ing relevance to the understanding of various phase transitions driven by fluctuating
line-like excitations (vortex lines in superfluids and superconductors, defect lines in
crystals and liquid crystals).'® Special attention has been devoted in Chapter 16 to
simple topological questions of polymers and particle orbits, the latter arising by
the presence of magnetic flux tubes (Aharonov-Bohm effect). Their relationship to
Bose and Fermi statistics of particles is pointed out and the recently popular topic
of fractional statistics is introduced. A survey of entanglement phenomena of single
orbits and pairs of them (ribbons) is given and their application to biophysics is
indicated.
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Finally, Chapter 18 contains a brief introduction to the path integral approach
of nonequilibrium quantum-statistical mechanics, deriving from it the standard
Langevin and Fokker-Planck equations.
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