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This talk has three parts. The first part is an introduction to Hamilton’s two
monumental papers from 1834-1835, which introduced the Hamilton-Jacobi equation,
Hamilton’s equations of motion and the principle of least action [1]. These three
formulations of classical mechanics became the three forerunners of quantum mechanics;
but ironically none of them is what Hamilton was looking for -- he was looking for a
“magical” function, the principal function from which the entire trajectory history can
be obtained just by differentiation (no integration) [2]. In the second part of the talk
I argue that Hamilton’s principal function is almost certainly more magical than
even Hamilton realized. Astonishingly, all of the above formulations of classical
mechanics can be derived just from assuming that is additive, with no input of physics
[3]. The third part of the talk will present a new formulation of quantum mechanics in
which the
Hamilton-Jacobi equation is extended to complex-valued trajectories [4], allowing
the treatment of classically allowed processes, classically forbidden process and
arbitrary time-dependent external fields within a single, coherent framework. The
approach is illustrated for barrier tunneling, wavepacket revivals, nonadiabatic dynamics,
optical excitation using shaped laser pulses and high harmonic generation with strong
field attosecond pulses [5].
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