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In 1929 Paul Dirac made a famous announcement: The general theory of quantum mechanics
is now almost complete.... The underlying physical laws necessary for the mathematical theory
of a large part of physics and the whole of chemistry are thus completely known.... It therefore
becomes desirable that approximate practical methods of applying quantum mechanics should
be developed, which can lead to an explanation of the main features of complex atomic systems

without too much computation.

1929 4, &% - KPLWAR T —RMELHEY: BT — BN B L C 258 - PR R
TR FIAE A2 B 5 (0 B A ) B (R R B e & 1 - - I, A b BT A AR S TR B i T
Jiz, REETTIE DMEA BT Z T SR I U0 RS R ST R G 2 AL

It is important to appreciate the revolutionary nature of that question. In the Schrodinger
equation, the ionic potential v+ (r) is the only term that distinguishes one alloy from another.
That potential determines the wavefunction, which in turn determines the electron density
and the total energy. The energy is thus a functional of ve.(r). Kohn contemplated a radical
inversion of that thinking. Is it possible that the total energy depends only on the electron
density n(r)? Years earlier Llewellyn Thomas and Enrico Fermi had proposed approximate
theories of the total energy where that was the case, but no one had seriously suggested that
the exact total energy of any many-electron system could be a functional of the electron density
alone. If it were true, knowledge of n(r) was sufficient to determine the external potential, the
many-particle wavefunction, and all the ground-state properties—even the Green functions
of many-body theory! That was a very deep question. Kohn realized he wasn’ t doing alloy

theory anymore.
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General questions require general solution methods, and Kohn was particularly well trained
in one class of them: the variational methods of mathematical physics. Such methods were a
particular specialty of the department of applied mathematics at the University of Toronto,
where Kohn had earned his BA and MA degrees. The local experts there were chairperson
John Lighton Synge and two of Kohn’ s mentors, Alexander Weinstein and Arthur Stevenson.
Another virtuoso of variational methods, Julian Schwinger, supervised his Harvard PhD thesis,
which introduces what is today called the Kohn variational principle. From the reminiscence
paper, or from any technical review of DFT, one can learn how variational methods are
central to the proof of the Hohenberg-Kohn theorem and to the derivation of the Kohn—Sham

equations.
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Kohn-Sham equation:
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