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Volume I argued that biological machine learning
is wave mechanics. This volume proves it.
Every keystone equation of Volume I is restated as a formal theorem and derived in
full: the Born rule from Gleason’s theorem, the fidelity–Bhattacharyya identity, the
Rayleigh quotient as the Courant–Fischer characterisation, the neural-quantum-state
identification, attention as a pair-correlation operator, and the master correspondence
that ties them together.

169 theorems. 329 proofs, written out. 150 worked exercises with complete
solutions, graded from routine verification to research-level open problem. The thirty
chapters mirror Volume I one for one, and each has the same four sections: notation and
prerequisites, theorems and full proofs, worked exercises with solutions, and an outlook.
Keep the two volumes open side by side — the narrative on the left, the derivation
on the right — or read this one alone, as a graduate course in the mathematics of
computational biology. The level is graduate throughout: measure-theoretic probabil-
ity, the spectral theory of unbounded self-adjoint operators and the functional-analytic
treatment of parabolic equations are used as working tools. Notebooks and live demos:
quantum.abdelkader.site.
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Preface

This is Volume II of Molecular Wave Mechanics. Volume I gave the wave-
mechanical reading of biology in its didactic form: analogies of daily life, intuitions,
conceptual figures, and the load-bearing conjecture named at the end. The present
volume is its rigorous companion. Each chapter here corresponds, one-to-one and
in the same order, to a chapter of Volume I. The intuitions of Volume I become
theorems with full proofs; the worked examples of Volume I become exercises with
complete solutions; the keystone equations of Volume I are stated as formal results
and derived from first principles.

The reader is expected to have read, or to be reading in parallel, the corresponding
Volume I chapter. Where Volume I says “the variational principle gives the network
a principled loss,” Volume II proves the variational principle, derives the loss, and
verifies its convergence properties. Where Volume I introduces a wave function
on configuration space, Volume II constructs the configuration space, defines the
wave function rigorously, and supplies the operator-theoretic prerequisites the
construction needs.

A note on the omission of code. Volume I included Python sources for ev-
ery numerical figure; the present volume contains none. All implementations,
datasets, and reproducible figures of both volumes are made available online
at quantum.abdelkader.site, the molecular-biology toolkit that has served as
the implementation substrate for the author’s work since 2018. The volume’s
mathematical content is independent of the implementations; the implementations,
when consulted, sit beside the proofs rather than inside them.

A note on the level. The mathematical level of this volume is graduate. The treat-
ment uses, without re-introduction, measure-theoretic probability, the theory of
unbounded self-adjoint operators on Hilbert space, functional-analytic methods for
partial differential equations, and standard categorical and algebraic constructions
at the level of a first-year graduate sequence. The exercises range from routine
verifications, suitable for self-testing of the prerequisite material, to research-level
open problems flagged as such, often connected to the conjecture that closes the
volume.

The author thanks again the readers, students, and collaborators who engaged
with Volume I, whose questions are the proximate cause of the formal treatments
this companion volume develops. Errata and corrections to either volume are
gratefully received through the quantum.abdelkader.site contact channel; both
volumes are intended to be read together, and a correction to one almost always
concerns the other.
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Volume I argued that biological machine learning
is wave mechanics. This volume proves it.
Every keystone equation of Volume I is restated as a formal theorem and derived in
full: the Born rule from Gleason’s theorem, the fidelity–Bhattacharyya identity, the
Rayleigh quotient as the Courant–Fischer characterisation, the neural-quantum-state
identification, attention as a pair-correlation operator, and the master correspondence
that ties them together.

169 theorems. 329 proofs, written out. 150 worked exercises with complete
solutions, graded from routine verification to research-level open problem. The thirty
chapters mirror Volume I one for one, and each has the same four sections: notation and
prerequisites, theorems and full proofs, worked exercises with solutions, and an outlook.
Keep the two volumes open side by side — the narrative on the left, the derivation
on the right — or read this one alone, as a graduate course in the mathematics of
computational biology. The level is graduate throughout: measure-theoretic probabil-
ity, the spectral theory of unbounded self-adjoint operators and the functional-analytic
treatment of parabolic equations are used as working tools. Notebooks and live demos:
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