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9. Louis de Broglie — Matter Waves

1) Brief Biography & Context

Louis de Broglie (1892-1987) introduced the revolutionary idea that matter has wave-like
properties. In his 1924 thesis, he proposed that every particle with momentum p is
associated with a wavelength A= h/p. This 'wave—particle duality' unified light and
matter under a single wave principle and guided the birth of modern quantum
mechanics. His hypothesis was soon confirmed by electron diffraction experiments,

cementing matter waves as a core concept.

2) Core Theory (Matter Waves & de Broglie Relations)
De Broglie proposed simple but profound relations that connect wave quantities to

mechanical ones:
« de Broglie wavelength (nonrelativistic form): A=nh/ P
» Wave—particle correspondences: p = h k ; BE= hw

« Velocities (for a free massive particle):
Phase velocity: v_p = W / k = E / p (can exceed c; carries no information)

Group velocity: v_g = dW/dk = particle velocity v (sub-luminal; carries information)

» Useful scales:
Compton wavelength: AC=n/(mc)
Nonrelativistic kinetic energy: E = p2/(2m), giving W = (h k2)/(2m)
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Key idea: a localized 'particle' is a wave packet—a superposition of many k-components

whose envelope moves at the group velocity v_g.

3) What the Theory Explains Clearly

« Electron diffraction & interference (double-slit, crystal diffraction).

« Atomic stability & quantization as standing-wave conditions (phase closure around

orbits).
« Wave—particle duality in a unified rule (light <> matter symmetry).
« Why localization broadens momentum (Fourier spread of a wave packet).

4) Unresolved Issues / Limitations

* Interpretation gap: what is the ontology of the 'matter wave'—a physical wave or

probability amplitude?

» Collapse/measurement: de Broglie relations don’t explain why specific outcomes

occur.

« Pilot-wave vs Copenhagen: de Broglie’s early pilot-wave idea (later by Bohm)

competes with standard interpretations.

« Macroscopic limit: coherence of matter waves decays rapidly (decoherence), blurring

the classical boundary.
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5) de Broglie’s Perspective

De Broglie sought a real wave underlying particles, not just a statistical device. He
imagined a guiding wave determining motion (pilot wave). Though the mainstream
adopted a probabilistic view, de Broglie’s insistence that matter is fundamentally
wavelike shaped the structure of quantum theory and continues to inspire alternative

formulations.

6) CUWF Interpretation (Closing the Gap — Extended)

6.1 Duality as Two Projections of One Substrate

In CUWF, a 'particle' is a localized resonance node of the Still Wave lattice; the 'wave' is
the extended phase structure of that same substrate. Duality is not paradoxical but
reflects two projections of one relational waveform: Local projection — particle-like

events; Global projection — wave-like interference.

6.2 Origin of A = h/p in CUWF

The de Broglie relation follows from phase closure and action quantization in the Still
Wave: global phase advance per unit length is k; momentum is the lattice’s response to
phase gradient (p = h k). The condition for a stable mode around a closed path
enforces integer phase windings — A= h/p emerges as the resonance spacing

between allowed modes.
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6.3 Phase vs Group Velocity Clarified

Phase velocity v_p = E/p may exceed ¢ because it tracks the motion of constant phase,
not information. Group velocity v_g = dW/dk equals the drift of the resonance envelope
(the 'particle' node) and is always < c. CUWF treats both as properties of one Still Wave:
v_p defines the internal oscillation cadence; v_g defines the transport of localized

resonance.
6.4 Quantization as Lattice Standing Waves

Atomic energy levels result from standing-wave constraints on the Still Wave lattice. Only
orbits (or eigenmodes) that complete an integer phase winding without destructive self-
interference remain stable. This generalizes Bohr’s postulates and explains why de

Broglie waves yield discrete spectra.
6.5 Why Localization Spreads Momentum (and Vice Versa)

In CUWF, sharpening position means locking a node tightly into the lattice — requiring
a broad mix of k to meet phase closure locally. Conversely, sharpening momentum
means coherent single-k alignment —> an extended spatial distribution. Heisenberg'’s
trade-off (Ax-Ap > h/2) is thus a resonance constraint of the Still Wave, not a mere

measurement flaw.
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6.6 Decoherence as Entropic Misalignment

The entropic field & biases which resonances persist. Environmental coupling misaligns
phases across R (the Relational Matrix), causing the extended matter wave to fragment
into classical-like mixtures. CUWF frames decoherence as loss of global phase locking
in the lattice, explaining why macroscopic de Broglie waves are rare without extreme

isolation.

7) Summary & Transition

De Broglie’s hypothesis unified light and matter under a single wave principle. CUWF
supplies the mechanism: matter waves are lattice resonances of a universal Still Wave;
quantization and the A= h/p rule arise from phase closure and action discreteness;
localization—-momentum trade-offs and decoherence follow from the lattice’s resonance
constraints. Next, we proceed to Section 12. Richard Feynman — Quantum
Electrodynamics (QED), where interactions of matter waves with light become a calculus

of amplitudes—naturally recast in CUWF as interference bookkeeping on the Still Wave.
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