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14. Richard Feynman — Quantum Electrodynamics & Path Integral

1) Brief Biography & Context

Richard Feynman (1918-1988) was one of the most brilliant and charismatic physicists
of the 20th century. Known for his creativity, clarity, and unconventional style, Feynman
contributed fundamentally to the development of quantum electrodynamics (QED), for
which he shared the Nobel Prize in 1965 with Julian Schwinger and Sin-Itiro Tomonaga.
He also introduced the path integral formulation, a new way of understanding quantum
processes as sums over histories. Beyond his technical work, Feynman became a
cultural icon — famous for his lectures, books, and playful personality that made physics

accessible to the world.

2) Core Theory (QED & Path Integral)

Quantum Electrodynamics (QED)

QED is the quantum field theory describing the interaction of light (photons) and matter
(electrons, positrons). It unifies special relativity with quantum mechanics for

electromagnetism.

Key features:
- Photons = force carriers of the electromagnetic field
- Electrons/positrons interact via photon exchange

- Probabilities computed with Feynman diagrams
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Feynman’s Path Integral
Instead of focusing on wavefunctions or operators, Feynman proposed that the
probability amplitude of a particle traveling from point A to B is the sum of contributions

from all possible paths:

KB, A = | DIx®)] e~(i/h S[x®])

Where:
- K(B, A) = quantum amplitude from A to B
- S[x(t)] = classical action along path x(t)

- _[ D[x(t)] = integral over all possible histories

This provided an elegant bridge between classical action principles and quantum

probability amplitudes.

3) What the Theory Explains Clearly

- Atomic spectra and interactions with light

- Electron—photon scattering (Compton effect, pair production, annihilation)
- High-precision prediction of the electron’s magnetic moment

- Lamb shift in hydrogen atom energy levels

- Foundation of quantum field theory methods still used today
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4) Unresolved Issues / Limitations

- Renormalization: QED calculations initially produced infinities that had to be
systematically canceled through renormalization.

- Non-renormalizability of gravity: The same methods fail when applied to quantum
gravity.

- Interpretational limits: Path integrals are mathematically powerful, but their “sum over
infinite paths” has no direct physical mechanism in classical terms.

- Incomplete TOE: QED explains EM interactions but not strong, weak, or gravitational

forces (later unified under the Standard Model except gravity).

5) Feynman’s Perspective

Feynman valued intuition and visualization over abstraction. He saw QED not as
mysterious but as a set of precise rules for calculating measurable quantities. His
diagrams turned complex equations into simple sketches of particles exchanging
photons. Philosophically, Feynman was pragmatic: he warned against over-interpreting
quantum theory and emphasized predicting experimental results over metaphysical

speculation. His motto: “Shut up and calculate.”

6) CUWF Interpretation (Closing the Gap — Extended)
In CUWF, Feynman’s genius is reframed as having glimpsed a deeper truth: the
universe evolves not by single deterministic paths, but by the resonance of all possible

relational histories within the Still Wave.
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6.1 Path Integral as Wave Superposition

Feynman’s sum over histories corresponds to the CUWF principle that every relational
phase contributes to the universal wave. The action S is not an arbitrary weight but the

resonance phase of Still Wave interactions.

6.2 Why Only Certain Paths Matter

In practice, most paths cancel out due to destructive interference. Stable outcomes
emerge where Still Wave resonances constructively overlap. This explains why classical

trajectories reappear as “most probable” paths.

6.3 QED as a Surface Harmonic

Electromagnetic interactions are one harmonic mode of the Still Wave lattice. QED’s
photon exchanges are resonance transfers, not tiny billiard-ball particles. Feynman
diagrams are pictorial tools for surface-level resonances, while CUWF shows the

underlying relational continuity.

6.4 Renormalization Reinterpreted

The infinities that plagued QED reflect trying to force an emergent lattice phenomenon
into a point-particle picture. In CUWF, no true infinities exist — interactions are bounded

by lattice resonance rules. Renormalization is a correction, not a fundamental feature.
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6.5 Beyond “Shut up and Calculate”

Feynman avoided metaphysics, but CUWF provides the missing story: why the rules
work. QED’s success is not magic but the natural stability of EM resonance in the Still

Wave.

6.6 Consciousness and Path Selection

While Feynman’s paths exist mathematically, CUWF adds that collapse into a definite
outcome occurs via resonance stabilization — relational nodes (apparatus, environment)

lock one resonance. Human observation perceives it afterward.

7) Summary & Transition

Feynman transformed quantum physics by giving us QED and the path integral — tools
of unmatched precision and clarity. Yet QED is still only a harmonic of the Still Wave, not
the whole orchestra. CUWF honors Feynman by embedding his paths within the
universal relational lattice, where histories are not just math but wave-based realities.
This prepares us to turn to Murray Gell-Mann, who deepened the story of quantum fields

by probing the substructure of matter itself: quarks and gluons.
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